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they are a very good material for a delivery system 
[2]. Despite having good therapeutic properties, a low 
concentration of a drug at the target site results in low 
efficiency, and so high doses may be needed, resulting in 
the development of side effects. Another limiting factor 
is the short time of circulation in the body, because of 
effective removal of foreign molecules, including drugs, 
from the body [1]. The use of a drug delivery system 
enables transportation to be accelerated to the place of 
action, prolonged presence in the body and reduced side 
effects. It also protects the drug from rapid disintegration 
or clearance, and increases the concentration of the drug 
in the target tissues, thereby lowering the dosage of the 
drug [3]. Therapeutic molecules may be attached on the 
surface or located inside the nanoparticles [2]. The use of 
nanoparticles in drug transportation allows delivery of the 
conjugate (nanoparticle - drug) into specific cells by active 
or passive transport. Active transport is based on the 
placement of a molecule on the surface of the conjugate 
that will recognize the target site (Fig 1); this typically 
applies to antibodies and low molecular weight molecules 
such as folic acid or peptides [4]. Active transport can also 
be achieved by manipulating physical stimuli, including 
temperature and pH of the environment. Passive transport, 
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Abstract: Nanoparticles have many applications both in 
industry and medicine. Depending upon their physical 
and chemical properties, they can be used as carriers of 
therapeutic molecules or as therapeutics. Nanoparticles 
are made of synthetic or natural polymers, lipids or 
metals. Their use allows for faster transport to the place 
of action, thus prolonging its presence in the body and 
limiting side effects. In addition, the use of such a drug 
delivery system protects the drug from rapid disintegration 
and elimination from the body. In recent years, the use 
of proteins and peptides as therapeutic molecules has 
grown significantly. Unfortunately, proteins are subject 
to enzymatic digestion and can cause unwanted immune 
response beyond therapeutic action. The use of drug 
carriers can minimize undesirable side effects and reduce 
the dose of medication needed to achieve the therapeutic 
effect. The current study presents the use of several 
selected drug delivery systems for the delivery of proteins, 
peptides and other therapeutic molecules.

Keywords: Nanoparticles, carriers, drug delivery 
systems, active transport, protein carriers

1  Introduction
The term nanoparticle refers to materials of which particles 
range from 1 nm to 1000 nm in size [1]. Nanoparticles used 
specifically as carriers of drugs or therapeutic molecules 
can be as large as 100 nm at least in one dimension. They 
are made of various materials such as natural or synthetic 
polymers, lipids or metals. As nanoparticles are more 
efficiently taken up by cells than larger macromolecules, 
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port of nanocarrier with a drug to the target cell.
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in many medical fields like diagnostics and therapies, 
however their application must first be characterized in 
vitro and in vivo. The following article reviews in vitro and 
in vivo studies of using various nanoparticles (Fig. 2) to 
examine their value as carriers of drugs and proteins for 
use in treatment of various disease types.

2  Liposomes
Liposomes are spherical vesicles constructed of a lipid 
bilayer composed of natural or synthetic phospholipids 
(Fig. 2A); these have unique properties making them ideal 
materials for carriers of therapeutic molecules [1, 7]. The 
size of clinically-approved carriers ranges between 50 and 
300 nm [7]. Their sensitivities to pH, temperature or other 
environmental factors depend on the phospholipids used 
for their production [7]. The main advantages of liposomes 
are the enhancement of pharmacokinetic properties, i.e. 
the therapeutic index, reduction of harmful side effects, 
stabilization of encapsulated enzyme proteins, and 
increase in in vitro and in vivo antitumor properties. They 
can also help improve the drug solubility [4, 7]. Whereas 
phospholipids have hydrophobic and hydrophilic 
units, liposomes can serve as carriers of water-soluble 
(hydrophilic) molecules inside the liposome body or 
hydrophobic molecules inside the lipid bilayer [8]. To 
increase the effectiveness of liposomes, it is necessary to 
add amphiphilic molecules such as polyethylene glycol 
(PEG) to the surface, allowing the liposomes to reach the 
target site in the body [1].

however, uses the phenomenon of increased vascular 
permeability and retention of small and large molecules 
in tissues [4]. Depending on the mechanisms used and 
the construction of nanoparticles, the release of the drug 
from the conjugate can take place due to physiological 
changes in the environment, such as temperature, pH or 
osmolality, or by enzymatic action. 

Besides the creation of small-molecule drugs, recent 
years have seen the growth in the use of proteins as 
therapeutic molecules. They have great potential because 
of their specificity of action, higher activity and lower 
toxicity compared to conventional drugs [5]. However, 
proteins delivered to the body are subject to enzymatic 
degradation, can elicit an immune response due to their 
complex structure, have a short half-life and are poorly 
permeable through biological membranes, which is a 
significant problem for efficient and targeted delivery [5, 
6]. The use of carriers supports the transport of peptides 
and proteins by protecting them from environmental 
conditions while maintaining their stability and 
reducing the immune response; this approach often 
improves enzymatic activity and biocompatibility, and 
enables active transport to the destination. Common 
carrier proteins include liposomes, micelles, polymeric 
nanoparticles and nanoparticles of inorganic materials. 
Recent studies suggest that the most effective carriers are 
conjugates which includes many molecules like drugs and 
signaling particles. In such conjugates, protein often is not 
a therapeutic agent but a molecule used to recognize the 
target. Demonstrated nanoparticles have great potential 
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in an inflammation-driven model of carcinogenesis and 
its antitumor effectiveness in biologically and clinically 
relevant murine melanoma models. Application of the 
liposomes resulted in a depletion of tumor-associated 
macrophages in primary and metastatic melanomas, 
illustrating antitumor efficacy via inhibition of 
angiogenesis and modulation of inflammation-related 
cytokines [13]. This method of delivery demonstrated 
inhibition of cancer development. 

The oral delivery of therapeutic proteins and peptides 
still represents a challenge because of their low stability 
and poor absorption in the gastrointestinal tract. The 
modification of liposomes with sugar ligands, for example 
mannose, could direct nanoparticles to the target site 
(absorption sites) and thereby increase the absorption of 
proteins in the intestines [14]. Studies have shown that 
the permeability of the small intestinal cell membrane 
line Caco-2 for mannose-modified liposomes containing 
lysozyme is greater than that of the protein without carrier. 
The presence of mannose and its correct density on the 
liposome surface increases membrane permeability [14]. It 
was also shown that the use of carbopol(CP)-lectin to cover 
the liposomes increases their bioadhesive properties. In 
rat studies, calcitonin demonstrated a six times greater 
enzymatic activity when administered by liposomes than 
in controls when the protein was administered without 
any carrier [15]. Conjugates of carbopol (CP) - lectin are 
very effective coatings applied to the liposomes to improve 
oral delivery of peptides and proteins [15]. 

Liposomes can also be used to improve the absorption 
of hydrophobic therapeutics. Miconazole is an antifungal 
agent but its use is ineffective because it does not dissolve 
well in water and thus does not easily penetrate the skin 
[16]. The use of PEGylated liposomes may aid delivery of 
this drug to skin cells when applied locally. Incorporation 
of propylene glycol molecules into phospholipid liposomes 
increases the liposome loading capacity, prolongs the 
release time, stabilizes the molecules during storage, and 
increases antifungal properties and skin penetration [16]. 
The addition of molecules on the surface of liposomes 
could help them enter the cells and/or stabilize these 
particles. 

Liposomes can also be used for the simultaneous 
transport of several types of molecules such as DNA and 
protein. The stoppin peptide is a potential antitumor 
drug because it is an inhibitor of the p53-MDM2/MDMX 
complex. Being a competent inhibitor of MDM2 and/or 
MDMX oncogenic proteins, stoppin inhibits their ability 
to attach to the p53 protein, resulting in the activation 
of apoptosis in tumor cells. Liposomes with peptide and 
nucleic acid were tested in vitro on the lung cancer cell 

The use of an appropriate phospholipid mixture 
for the construction of liposomes may improve the 
transport of therapeutic molecules into target cells. 
Liposomes sensitive to the pH of the environment have 
been created, allowing greater transport to tumor cells, 
whose cytoplasmic pH is lower. In such an environment, 
the liposomes are destabilized and disintegrate, releasing 
their active substances inside the cell [9]. Another means of 
targeted transport is to place the appropriate molecule on 
the surface of the liposome, which can direct liposomes to 
the receptor on the surface of specific cells. A mechanism 
of targeted delivery to a cancer cell is possible because 
of a large number of tumor cell lines are characterized 
by the overexpression of various receptors. The use 
of liposomes modified with PEG molecules to which 
anisamide molecules are attached targets liposomes to 
sigma receptors, excessively expressed on the surface 
of tumor cells [10]. An EEEEpYFELV (EV) nonapeptide 
mimicking the Y845 site of EGFR, responsible for STAT5b 
phosphorylation, was used as a therapeutic molecule; 
it blocked the EGFR receptor and the signal pathway, 
resulting in the initiation of apoptosis of tumor cells. The 
conjugate formed in this way efficiently delivered the EV 
peptide to tumor cells, inhibiting tumor growth; however, 
the EV peptide did not induce an immune response in an 
in vivo model [10]. Application of the EGFR growth factor 
as the targeting molecule enabled the conjugate to deliver 
cetuximab and oxaliplatin to the colorectal cancer cells 
in a mouse model [11]. The drug has also been observed 
to have a less toxic effect when immobilized in liposomes 
[11]. Targeted transport can be made more precise, not only 
by determining the type of target cells, but also by trying 
to deliver the drug to specific cell organelles, such as the 
mitochondria. The use of liposomes formed from a mixture 
of corresponding lipids and octa-arginine (MITO-potrer) 
on the surface enables greater transport of molecules 
into the mitochondria. The liposomes enter the cells after 
macropinocytosis [12]. MITO-porter then attaches to the 
mitochondrial membrane through electrostatic interaction, 
which induces fusion between the outer mitochondrial 
membrane and the modified liposome. In this way, the 
MITO-porter can lead to the creation of a system for 
transporting macromolecules inside the liposome directly 
into the mitochondria [12]. Application of liposomes could 
help in defense from disease by interference of immune 
system cells. Clodronate- liposomes have ability to deplete 
macrophages and it has been already demonstrated in 
different disease models [13]. The clodronate – liposome 
complex (Clo-Lipo-DOTAP [lipid - N-[1-(2,3-dioleoyloxy)
propyl]-N,N,N-trimethylammonium methyl-sulfate]) has 
been tested for functionality in depleting macrophages 
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collagen, dextran or alginates, or synthetic materials 
like polylactide (polylactic acid PLL), polycaprolactone 
(PCL), polyvinyl, polyethylene glycol (PEG), poly(lactic-
co-glycolic acid) (PLGA) are used for the production of 
polymeric nanoparticles. The use of different materials 
makes it possible to determine the specific properties 
of the molecules, e.g. susceptibility to environmental 
pH. The use of 2-[3-[5-amino-1-carboxypentyl] -ureido] 
-pentanedioic acid (Acupa) as a material for the synthesis 
of polymer nanoparticles has resulted in pH sensitivity. 
These molecules were used as carriers of model proteins 
such as bovine serum albumin and cytochrome c [23]. In 
vitro studies have demonstrated the high rate of loading, 
transport and release of therapeutic proteins that induce 
apoptosis of LNCaP cell lines, thus demonstrating the 
antitumor properties of the carrier-protein conjugate 
used [23]. Synthesizing nanoparticles of a suitable type of 
material allows the delivery of therapeutic molecules to 
cells with particular characteristics. For example, in vivo 
studies have demonstrated effective delivery of therapeutic 
molecules to tumor cells, where the redox state is different 
from normal cells; one such example being chitosan-
based molecules like glycolipids (ss-CSO-SA), which are 
sensitive to the potential/redox state in tumor cells [24].

The use of a protein in the transport of a transferrin-
targeted nanoparticle (Tf-NPs) composed of PLL-PEG-
PLGA increases the delivery of molecules to cells with a 
greater number of transferrin receptors, such as tumor 
cells [25]. The payload was tetrandrin (Tet), a natural 
alkaloid which allows withdrawal of drug resistance, and 
the anticancer drug daunorubicin (DNR). This DNR-Tet-Tf-
NPs complex has been found to be effective in tumor cell 
lines resistant to chemotherapy, and in vivo studies have 
found it to arrest the growth of transplanted tumors in 
mice. This complex did not show any toxicity. The drug 
was delivered directly into the tumor, thereby reducing 
the amount of drug delivered into the body necessary to 

line A549. The peptide was found to have antitumor 
activity, which was increased by the use of liposomes 
[17]. The formation of the liposome complex in which the 
peptide and DNA are located results in a higher density of 
protein and nucleic acid, which in turn results in a smaller 
size of the therapeutic molecule at the appropriate protein 
concentration. In addition, the peptide protects the nucleic 
chain from DNase activity, and the nucleic acid protects 
the peptide from the action of trypsin. Simultaneous 
packaging of these molecules therefore improves 
their chance of successful entry into the cell [17]. Such 
combination of two different particles could be useful in 
gene therapy. Because liposomes are easy to prepare and 
have excellent biocompatibility, they are widely-studied 
as carriers for various therapeutic molecules. However, 
despite the many advantages of liposomes as carriers, 
much remains to be learned and improved. Examples of 
liposomes as therapeutic molecule carriers are shown in 
Table 1.

3  Polymer nanoparticles
Polymeric nanoparticles (Fig. 2B) can be synthesized from 
natural or synthetic polymers, as well as biodegradable or 
non-biodegradable polymers. The type of material used 
to synthesize nanoparticles influences the performance 
of drug delivery and its therapeutic effects [21]. An 
important feature of nanoparticles is their size and 
shape. It has been found that particles with a size of 
up to 100 nm are most readily absorbed by cells. At the 
same time, their shape should be as spherical as possible 
[22]. The use of such systems offers many benefits, 
such as increased bioavailability of drugs by reducing 
degradation rates, reduced side effects, increased cellular 
uptake, greater targeted transport, and more control over 
drug release [22]. Natural materials such as chitosan, 

Table 1. Liposomes as drug carriers

Nanoparticle Therapeutic molecule Therapeutic effect Reference

Liposome Peptide EV Anticancer, lung cancer, in vitro [10]

Liposome Cetuximab, oxaliplatin Anticancer, colorectal cancer, in vivo [11]

Liposome Miconazole Antifungal, skin, in vitro [16]

Liposome Stoppin Anticancer, lung cancer, in vitro [17]

Liposome Ibuprofen Analgesic effect, in vitro [18]

Liposome Dexamethasone phosphate Anti-inflammatory, in vivo, rheumatoid arthritis [19]

Liposome modified 
triphenylphosphonium - PEG-PE

Paclitaxel Anticancer, in vitro, in vivo, breast cancer [20]
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compared to that of individually immobilized enzymes 
and non-immobilized enzymes [31].

Polymeric nanoparticles provide a wide range of 
drug delivery systems. They are widely used as carriers of 
proteins, in spite of the many challenges which must be 
resolved before clinical use. Their use allows enzymatic 
proteins to be maintained, enables better delivery of 
therapeutics to the target site, and for signaling molecules 
to be located. Due to the wide range of materials from 
which they can be synthesized and their many potential 
modifications, polymer nanoparticles are some of the 
most commonly-used carriers. Examples of polymeric 
carriers as drug delivery systems are shown in Table 2.

4  Carbon nanoparticles (carbon 
nanotubes) 
Carbon nanotubes (CNT) are hollow rollers formed 
primarily of carbon atoms (Fig. 2C). CNT are made up 
of a layer of graphene wrapped in a cylinder that can 
be opened or closed, and their size can vary from 1 nm 
to several micrometers [37]. Nanotubes can be formed 
of a single layer of carbon atoms, i.e. single wall carbon 
nanotubes (SWCNT), or multiple layers of carbon atoms, 
i.e. multilayer carbon nanotube (MWCNT) [37, 38]. The 
unique physical and chemical properties of carbon 
polymers allow application in many scientific fields such 
as electronics and nanocomposite materials [37]. In their 
basic form, carbon nanotubes are insoluble in water or 
organic solvents [37, 39] due to their lack of functional 
groups. The addition of functional groups allows 
dissolution of nanoparticles in water or other solvents [40]. 
One way to impart a functional group is oxidative cleavage 
using an strong oxidant and acidic media [39, 40]. Carbon 
nanotubes as carriers have many advantages, particularly 

inhibit tumor growth [25]. Another method utilized the 
targeted transport of monoclonal anti-Her2 antibodies 
against the HER2 antigen which is more plentiful on the 
surface of tumor cells than normal cells. The placement of 
this antibody on the nanoparticle surface of poly (DL-lactic 
acid) allows targeted transport [26]. The complex 
significantly improves the delivery of an anticancer drug 
cargo in a mouse model of ovarian cancer [26].

Due to their characteristics, nanoparticles allow 
for the development of novel treatments in addition to 
conventional ones. An immune response was elicited 
against tumor cells during studies using nanogel as 
a protein carrier, with Langerhans cell activation and 
arrest of tumor growth observed after administration 
of the vaccine through the skin of mice [27]. The in vivo 
application of chitosan microcapsules containing insulin 
through the respiratory system allowed the drug to be 
delivered in its active form to the blood stream, thus 
inducing hypoglycaemia [28]. The use of nanoparticles 
provides many therapeutic possibilities. In in vitro studies, 
mesoporous silica was used to transport the BFP peptide 
to human stem cells, where osteogenesis was initiated 
[29].

Biotechnology offers great potential for the large-
scale production of proteins and the ability to use them 
as therapeutics. Most of these proteins are enzymes and 
their activity depends on the conditions in which they 
are found, their conformation and their integrity. The 
use of carriers helps to keep proteins active. Closure of 
the enzyme α-amylase in PLGA (poly-(L-lactic-co-glycolic 
acid)) nanoparticles does not affect the conformation of 
the enzyme and maintains its activity [30]. In vitro studies 
on the antioxidant activity of superoxide dismutase (SOD) 
and catalase (CAT) immobilized in polycaprolactone (PCL) 
nanoparticles revealed higher antioxidant performance of 
the enzymes immobilized together in a single nanoparticle 

Table 2. Polymeric nanoparticles as drug carriers

Nanoparticle Therapeutic molecule Therapeutic effect Reference

PEG-PLL-PLGA Tetrandrin, daunorubicin Anticancer, in vitro, in vivo [25]

Poly-lactic acid Paclitaxel Anticancer, in vivo, ovarian cancer [26]

Mesoporous silica Peptide BFP Activated osteogenesis in stem cells, in vitro [29]

Acrylamide (AAm), positively-charged N-(3-
Aminopropyl) methacrylamide (APMAAm)

Caspase 3 (CP-3) Anticancer, in vitro [32]

Chitosan Takrin Alzheimer’s drug, in vivo, preclinical survey [33]

PLG, alginate stabilized with chitosan Clotrimazol, ekonazol Antifungal, in vivo [34]

PLA/chitosan Lamivudin Anti-HIV, in vitro [35]

Polyacrylic N-thiolated β-lactam antibiotics Antibacterial, in vitro [36]
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nucleus, was immobilized onto carbon nanotubes. This 
conjugate was tested in vitro on HeLa cell lines and found 
to be capable of penetrating into the cell nucleus [46]. 
The creation of such a conjugate suggests the possibility 
of using carbon nanotubes for targeted transport, not 
only to specific cells but also to specific cell organelles. 
This technique offers potential for the future delivery of 
anticancer therapy agents, gene therapy agents or DNA. 
Table 3 provides examples of the use of carbon nanotubes 
as drug carriers. 

5  Superparamagnetic iron oxide 
nanoparticles (SPION)
Superparamagnetic iron oxide nanoparticles (SPION) 
(Fig. 2D) are made of iron (III) oxide (Fe2O3) or iron (IV) 
oxide (Fe3O4); in both cases, superparamagnetism 
occurs naturally [52]. As nanocarriers SPIONs have a 
large surface to volume ratio, their size ranging from 10 
to 250 nm in diameter [52]. The most specific property of 
these nanoparticles is ability to respond to an external 
magnetic field due to superparamagnetism [53]. Magnetic 
nanoparticles (MNP) could be easily removed or separated 
from a mixture by the use of magnet. This property is 
currently used in separation techniques, especially 
in cell separation [53]. In recent years, interest in the 
application of magnetic nanoparticles as drug carriers 
has increased. The ability of these nanoparticles to 
bind proteins, peptides, enzymes, antibodies and drugs 
has major impacts on biomedicine and biotechnology 
[54]. Drugs could be loaded on the surface of SPION by 

their large area, the possibility for functionalization of the 
carrier and the ability to penetrate into various types of 
cell [41].

Previous studies have found carbon nanotubes to be 
carriers of various proteins (protein A, Alexa-fluor bovine 
serum albumin, streptavidin, cytochrome c) to different cell 
lines [42]. The creation of functionalized PLGA nanoparticles 
allows the protein CP3 to be supplied to bone cancer cells 
with prolonged release over time. An additional advantage 
of this system is the ability to control protein release by 
controlling the weight and ratio of PLGA in the conjugate 
[43]. It has been proposed to use multi-wall carbon 
nanotubes to deliver ricin toxin chain A (RTA). Nanotubes 
have been shown to significantly enable penetration of the 
protein to various cell lines [44]. The MWCNT-RTA-HER2 
conjugate was also constructed, where the presence of 
the anti-HER2 antibody was intended to deliver toxin only 
to breast cancer cells. The placement of antibody in the 
conjugate increases the delivery of the toxin to these cells, 
while limiting its penetration into other cells [44]. Carbon 
nanotubes connected in a conjugate with cisplatin and EGF 
protein can selectively and effectively deliver the drug in 
vitro and in vivo to head and neck squamous carcinoma, 
whose cells are characterized by an overexpression of the 
EGFR [45]. EGFR-targeted transport allowed more efficient 
drug delivery and cell killing in cancer cells than controls, 
in which only drugs loaded on carbon nanotubes were 
used. However, further studies on the long-term toxicity, 
distribution and removal of nanoparticles must be carried 
out on animal models [45].

The recombinant lamin B1 (LB1) protein, which 
has structures that allow this protein to enter the cell 

Table 3. Carbon nanoparticles as drug carriers

Nanoparticle Therapeutic molecule Therapeutic effect Reference

Carbon nanotubes functional PLGA Protein CP3 Anticancer, in vitro, bone cancer [43]

MWCN The A chain of ricin (RTA) Anticancer, in vitro, breast cancer [44]

SWCN Cisplatin Anticancer, in vitro and in vivo, Squamous 
carcinoma of the head and neck

[45]

SWCN Wilms tumor protein (WTP1) Enhancement of immune response, [47]

Carbon nanotubes coated with multilayer 
polyglycol polymers and polylactone (PGA, PLA)

Dasatinib Anticancer, in vitro [48]

SWCN LB1 protein Entrance cell nucleus, in vitro, breast cancer [46]

SWCN Cisplatin Anticancer, in vitro, in vivo, lung cancer [49]

MWCN/chitosan TAT peptide Anticancer, in vitro, in vivo, breast cancer [50]

MWCN Dexamethasone Anti-inflammatory, in vitro [51]
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storage and operation stability [58]. Results from this 
study suggest that silica-magnetic nanoparticles are a 
useful magnetic, targeted drug delivery system for tPA 
and may provide a new drug type [58]. Immobilization 
of thermostable superoxide dismutase (SOD) on 
superparamagnetic nanoparticles covered by silica 
resulted in better resistance to temperature, pH, metal 
ions, enzyme inhibitors, and detergents [60]. These results 
illustrate that immobilization of enzymes on magnetic 
nanoparticles could affect and prolong their activity. Also, 
the use of magnetic nanoparticles as enzyme carriers 
was presented with immobilized L-asparaginase on the 
magnetic nanoparticles modified with poly(2-vinyl-4,4-
dimethylazlactone) (PVDMA) [61]. This platform presented 
long-term stability and favourable reuse of the enzyme. It 
has been also utilized as potential drug delivery system in 
leukemia treatments in a simulated extracorporeal shunt 
system [61]. These results demonstrate the possibility for 
the application of magnetic nanoparticles for the design 
of an efficient enzyme delivery system suitable in clinical 
treatment [61]. Serratopeptidase, a potentially therapeutic 
enzyme for pain and inflammation, was immobilized by 
covalent bonding through glutaraldehyde onto magnetic 
nanoparticles modified with chitosan [62]. This conjugate 
was tested in vitro and in vivo on rats with carrageen 
induced paw oedema. Results from the in vitro test show 
that magnetic targeting of the enzyme immobilized on 
MNP increased delivery through the membrane. For the in 
vivo tests, it was demonstrated that MNP with the enzyme 
enhanced anti-inflammatory effect [62].

Presented examples show that the magnetic core 
could be covered by different coating layers, however their 

conjugation, or a drug molecule could be encapsulated 
with magnetic nanoparticles within a coating material 
[55]. Moreover, they have features that enable them to 
be used as a delivery platform in biological systems, 
including low toxicity and high biocompatibility [56]. 
Magnetic nanoparticles could accumulate in targeted sites 
by use of an external magnetic field. After removing the 
external magnetic field, the magnetic nanoparticles do 
not perform any magnetization [53, 55]. These properties 
have made SPIONs very attractive for medical in vivo 
applications, like magnetic resonance imaging (MRI) [53, 
57]. Magnetic nanoparticles seem to be a very promising 
avenue for exploration in developing diagnostic and 
therapeutic methods. 

Typically, magnetic nanoparticles used as drug 
carriers are composed of a magnetic core (Fe2O3, Fe3O4) 
and a coating layer, which can be made of biocompatible 
polymers (Fig. 2D) [55]. This layer provides functional 
groups to easily bind a drug molecule, inhibit aggregation 
and increase colloidal stability [55,58]. SPION coated with 
PEG and PEI polymers has been modified with folic acid 
and loaded with doxorubicin as an anticancer drug. Cancer 
specific targeting properties were achieved by modification 
of nanoparticles by folic acid, a molecule recognized 
by a folic acid receptor (FA receptor) [59]. Efficient drug 
delivery, antitumor effect, and application as a contrast 
agent for MRI of this conjugate has been established [59]. 
Other research groups have demonstrated that coating 
Fe3O4 nanoparticles with silica make those nanoparticles 
suitable for drug conjugation and in vivo applications [58]. 
Covalently bonding a tissue plasminogen activator (tPA) 
to those Fe3O4-silica nanoparticles positively affected 

Table 4. Superparamagnetic iron oxide nanoparticles as drug carriers

Nanoparticle Therapeutic molecule Therapeutic effect Reference

Fe3O4-silica Tissue plasminogen activator (tPA) Thrombolysis effect, in vitro, in vivo [58]

SPION-PEG,PEI Folic acid, doxorubicin Anticancer, in vitro, in vivo, breast cancer [59]

Fe3O4-silica Mn superoxide dismutase Defence against oxidative stress, in vitro [60]

Fe3O4-silica L-Asparaginase Anticancer, in vitro, acute lymphoblastic 
leukaemia

[61]

Fe3O4- chitosan Serratopeptidase Analgesic, anti-inflammatory, in vitro, in vivo, 
carrageenan-induced paw oedema

[62]

SPION-PEI - Macrophages activator (vaccination), in vitro [63]

Fe3O4-N’N’-carbonyldiimidazole (CDI) Ovalbumin Vaccine delivery, in vitro [64]

Fe3O4-silica Methotrexate Transdermal drug delivery, in vitro [65]

Fe3O4-trimethoxyl octadecyl silane (C18) Lipase Enzyme stability, in vitro [66]

Fe3O4- tannic acid Trypsin Enzyme stability, in vitro [67]

Fe3O4-PEI DNA (plasmid pEGFP-N1) Gene therapy, in vitro [68]
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investigated molecules was found to be higher for cancer 
cells compared to controls. At the same time, the drug 
demonstrated a stronger antitumor effect than the non-
nanoparticle drug [73]. 

Gold nanoparticles have been used to deliver 
doxorubicin to a HeLa cell line and control its release 
rate [74]. Real-time fluorescence microscopy found the 
fluorescence of the drug to vary during incubation, with 
the nanoparticle-administered drug demonstrating a 
different release site to one administered without any 
carriers. The results of the study also confirm the value 
of nanoparticles as a vehicle for observing drug release in 
real time [74]. Imaging has become an important tool in the 
diagnostics, research and application of cancer treatment, 
and to track the changes occurring during treatment. 
Confocal laser scanning microscopy (CLSM) and ICP-MS 
(inductively coupled plasma – mass spectrometry) were 
used to observe the uptake of herceptin and a monoclonal 
antibody against the HER2 receptor by the SK-BR3 breast 
cancer cell line from gold nanoparticle carriers. The results 
indicate that this complex induces cytotoxicity in tumor 
cells but not the control cells. In addition, the presence in 
tumor cell cytoplasm of free herceptin inducing apoptosis 
has been found, so it is believed that such a conjugate 
has the potential for the imaging and treatment of breast 
cancer [75]. The effect of a conjugate of a therapeutic 
protein p12 and the targeted protein (CRGDK) on the 
surface of 2 nm gold nanoparticles was studied in vitro on 
a breast cancer cell line overexpressing the Nrp-1 receptor 
[76]. Studies have confirmed increased antitumor activity 
of the conjugate due to greater p12 uptake. This type of 
drug delivery system can be used for further investigation 
into the delivery of single or multiple agents for a range of 
potential uses including imaging and treatment [76]. 

In vivo studies have examined the use of gold 
nanoparticles as carriers for theophylline (THP), 
1,3-dipropyl-8-cyclopentylxanthine (DPCPX) and WGA 
transport protein (wheat gut agglutinin) in rats paralyzed 
due to damage to the cervical spinal cord segment. HRP 
(horseradish peroxidase) protein was also included in the 
complex for visualization. The conjugate was delivered 
to the central nervous system to the diaphragm, which 
controls the respiratory function , through the blood-
brain barrier [77]. The tested conjugate was observed to 
restore the function of the diaphragm muscle. This ability 
of nanoparticles to pass through the blood brain barrier 
and selectively deliver the drug to a particular population 
of neurons opens the way to many applications [77]. 

In vivo studies have also examined the potential 
of gold nanoparticles as carriers of oral medication to 
increase the stability and availability of therapeutics 

mutual features have to be biocompatible. SPIONs used 
as drug delivery systems reveal new possible applications. 
They are one of most easily produced nanoparticles and 
have shown a great toxicity profile. They have demonstrated 
a high possibility in application for the therapeutic and 
diagnostic fields. Despite those advantages, no drug-
based SPIONs are on marker [55], most likely due to the 
limited knowledge of their characterization. Investigation 
into the pharmacokinetics and biodistribution of those 
nanoparticles in vivo must be performed. Table 4 presents 
examples of superparamagnetic iron oxide nanoparticles 
as drug carriers. 

6  Gold nanoparticles 
Nanoparticles of gold, depending on research needs, 
are created in various shapes, including nanospheres 
(Fig. 2E), nanotubes, nanocages or nanoshells [69]. 
Gold nanoparticles have a combination of unique 
physical, chemical, optical and electronic properties 
that differentiate them from other biomedical 
nanotechnologies, enabling the creation of highly 
multifunctional platforms for biochemical applications, 
gene delivery, imaging and drug delivery [69]. These 
molecules have many desirable properties, such as a low 
volume to surface ratio, non-toxicity and biocompatibility, 
making them ideal candidates for the delivery of 
therapeutic molecules [70]. Gold nanoparticles can be from 
1 to 150 nm in size and can easily be manufactured with a 
controlled dispersion factor, which are two key factors in 
the development of drug delivery systems. Moreover, the 
high surface to volume ratio allows for placement on the 
surface of nanoparticles of a large number of functional 
molecules and therapeutics, while the molecules may 
be attached covalently or noncovalently [70]. Effective 
delivery of therapeutic molecules also involves releasing 
them from the carrier at the right place. Particle release 
can be induced by intra-cellular (e.g. pH, presence of 
glutathione GSH) or external factors (e.g. light) [71, 72]. 
The use of gold nanoparticles enabled the creation of a 
drug delivery system based on the use of glutathione as 
the endogenous drug release agent. This system is based 
on the use of a difference in glutathione concentrations in 
the cells (1-10 mM) and extracellular thiol concentrations 
(cysteine 8 μM, GSH 2 μM) [71, 72]. These properties have 
been exploited in cell lines. The antitumor agent paclitaxel 
was placed on gold nanoparticles in the presence of 
biotin; this was used as a directing agent for tumor cells, 
which have significantly higher levels of biotin receptors 
than normal cells. In these studies, the affinity of the 
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that administered without a carrier. In addition, no side 
effects were observed in mice subjected to irradiation, and 
therapeutic effects were achieved in the form of tumor 
growth arrest and the mobilization of necrosis in the tumor 
cells [81]. Further studies on the improvement of drug 
delivery through the use of active transport to particular 
cells may improve drug delivery and reduce its side effects. 

Examples of presented in vitro and in vivo studies on gold 
nanoparticles confirms a wide spectrum of applications 
in diagnostic and therapies. Gold nanoparticles could be 
used as drug delivery system to cancer cells and improve 
effectiveness of know therapeutics. Also they can be used 
themselves as therapeutic for photodynac therapies. 
However, there is still much to investigate. 

7  Silver nanoparticles
Nanoparticles of silver (Fig. 2E) are the most widely 
used nanomaterials because of their unique optical, 
photothermal, electrical and biological properties [82-84]. 
They have found use in a variety of everyday products, 
including home appliances, water filters, cosmetics, textiles 
and items associated with the food industry. Thanks to 
their antimicrobial, antifungal and antiviral properties, 
silver nanoparticles are also used in the medical sector for 
the production of dressings, catheters, pacemakers and 
vascular prostheses [83, 84]. They can also be used as a 
contrast agent in imaging diagnostics, as well as antitumor, 
photosensitizing, radiosensitizing properties, so they can 
be used as drug carriers or other therapeutic molecules 
[82-85]. One factor influencing the physical, chemical and 
biological properties of nanoparticles is their size to volume 
ratio, and many preparation methods have been developed 
to influence this. Most are physical methods; unfortunately, 
they require a lot of energy for manufacture and cleaning, 
and the use of hazardous substances. However, new, 
highly-efficient biological methods have been developed 
which give much greater control over the product [84], and 
replace toxic reducing agents and stabilizers with non-toxic 
molecules such as proteins, antioxidants and hydrocarbons 
produced by living organisms including bacteria, fungi, 
yeasts and plants [85]. 

Extract from the plant Dimocarpus Longan L. allows 
monocrystalline and spherical particles ranging in size 
from 9 to 35 nm to be obtained [86]. These particles have 
demonstrated antibacterial activity against Gram positive 
and Gram negative bacteria, antifungal properties and 
a strong inhibition effect against the prostate cancer 
cell line PC-3. The latter is probably related to the ability 
of nanoparticles to decrease the level of proteins stat 3, 

through the intestinal mucosa. Insulin was immobilized 
onto chitosan-reduced gold nanoparticles, resulting in 
increased activity; it is thought to be delivered through 
the gut and the nasal mucosa. Chitosan-reduced gold 
can be considered a promising system for the delivery of 
biomolecules through mucous membranes [78]. 

Gold nanoparticles induce a rise in local temperature 
when subjected to wavelengths of 800-1200 nm [71]. 
However, structural modifications introduced during 
synthesis can shift the absorption band to desired values 
between 650-900 nm, i.e. near infrared bands, where 
the blood and soft tissues are relatively transparent [79]. 
Photodynamic therapy (PDT) is a developing method in the 
therapeutic treatment of cancer in which a photosensitive 
compound, referred to as the photosensitizer, is used in 
the destruction of the tumor cell. After stimulation by 
red light or near infrared, this compound leads to cell 
death via the production of reactive oxygen species [79, 
80]. The ideal photosensitizer would be a hydrophobic 
compound; however, this would reduce its biodistribution 
ability, and therefore, much effort has been devoted to 
developing delivery systems for drugs and photosensitive 
compounds. Such systems maintain the stability and 
activity of hydrophobic photosensitizers in the aquatic 
environment, while providing the opportunity to further 
develop the functionality of the entire conjugate [80].

A conjugate was developed consisting of gold 
nanoparticles, a phthalocyanine used as a photosensitizer, 
and an anti-HER2 antibody used to direct the conjugate to 
the cancer cells overexpressing the HER2 receptor. An in 
vitro study found that breast cancer cells demonstrated 
greater uptake of the nanoparticle conjugate; this 
increased the efficiency of the applied photodynamic 
therapy, resulting in the death of cancer cells [79]. In 
another study, gold nanoparticles stabilized with the 
hydrophobic photosensitizer zinc phthalocyanine and 
polyethylene glycol (PEG) were used to covalently attach 
the jacalin lectin as a transporting molecule specific for 
the T-antigen molecule to the surface of HT-29 tumor colon 
cancer cells [80]. Due to the application, the absorption 
of the jacalin in conjugate by colon carcinoma cells 
increased. After light irradiation at 633 nm, the lectin-
targeted conjugate induced the death of tumor cells to a 
much greater extent than that without lectin. Cell death 
was found to be induced by necrotic tract [80].

In vivo studies based on gold nanoparticles 
functionalized with PEG as a carrier of silicon 
phthalocyanine 4 (Pc 4) reported greater accumulation in 
the tumor caused by significant capillary permeability in 
the surrounding area. The drug immobilized on the gold 
demonstrated more rapid accumulation in the tumor than 
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on cell lines HeLa and A549 and folacin was found to be 
an efficient targeting molecule for cells overexpressing FR 
[94]. Silver nanoparticles have also been used as a carrier 
for PEG-coated methotrexate, with antitumor effects 
observed against MCF-7 breast cancer cells. The hemolytic 
effect of the drug was also lower when administered 
with the silver conjugate than the non-carrier drug [95]. 
Also the use of silver nanoparticles complexed with the 
anticancer drug alisertib resulted in the reduction of the 
U87MG tumor in mice [96].

Silver nanoparticles can also be very useful in 
diagnosis by allowing fluorescence excitation of the 
molecule. The silver-ethisteron complex used for 
glutathione (GSH) detection enabled the visualization of 
tumor cells while demonstrating antitumor properties; 
these were associated with the significantly higher levels 
of glutathione present in tumor cells compared to normal 
cells [97]. The use of silver reactivity to glutathione 
allowed the formation of a complex in which silver acts as 
protection for the drug delivery system of porous silicone 
with a fluorescent agent and drug [98]. The use of silver 
nanoparticle photoactivity and their ability to transport 
therapeutics enabled the delivery of oligonucleotides to 
tumor cells and their controlled release from nanoparticles 
induced by UV radiation [99]. Studies have found 
hybridized therapeutic oligonucleotides to have greater 
potential to target mRNA strands in cells than controls in 
which oligonucleotides were delivered by commercially-
available vectors. Nanoparticles enabled higher cellular 
uptake and protected the oligonucleotide against nuclease 
activity [99]. The creation of such a medium gives hope 
to create a system of drug and therapeutic delivery which 
can be used in gene therapy, antisense therapy and gene 
expression studies.

Silver nanoparticles themselves have a very high 
therapeutic potential as antibacterial, antifungal or 
anticancer agents. In addition, they can be used to create 
drug delivery systems and to significantly improve the 
performance of therapeutic molecules. Some example 
uses of gold and silver nanoparticles as therapeutic 
molecule carriers are shown in Table 5. 

8  Summary
Nanoparticles can be used to improve the pharmacological 
and therapeutic properties of drugs. The construction 
of nanoparticle conjugates with protein drugs or other 
therapeutic molecules is intended to protect the drug 
against degradation, prolong its presence in the body, and 
reduce the toxic properties of the drug. Such a conjugate 

bcl-2 and survivin, while increasing the level of caspase-3 
[86]. Anticancer effects have also been demonstrated by 
silver nanoparticles obtained by synthesis using Abutilon 
indicum leaf extract [87]. The particles measured 5-25 nm in 
size, and possessed a number of advantageous properties: 
they had an antibacterial action, the phenolic residues on 
their surface captured reactive oxygen species, and in vitro 
antitumor activity was demonstrated against the COLO 
205 cell line [87].

The most well-known feature of silver nanoparticles 
is their antimicrobial effect, which has found a wide 
range of uses inside and outside the medical sector. The 
particles were adapted to receive a new type of carrier by 
the creation of a multi-layer polyelectrolyte film with silver 
ions, on which ciprofloxacin (antimicrobial) and bovine 
serum albumin as model molecules were immobilized. 
Exposure to external triggering factors such as ultrasound 
and lasers resulted in the release of the compounds 
contained in the film with antibacterial activity [88]. 
This type of drug delivery system can be used to deliver 
vaccines through the skin, and bestow antibacterial and 
anti-inflammatory properties on implants and catheters.

Antimicrobial activity of silver nanoparticles can 
be enhanced by immobilizing an enzyme or antibiotic 
on them. The use of lysozyme as a factor enhancing the 
antimicrobial properties of silver has enhanced their 
effectiveness in treating silver-insensitive bacteria [89]. 
Alternatively, the immobilization of amphotericin B 
on silver particles resulted in strong antifungal effects, 
which is probably due to the interaction of the antifungal 
properties of amphotericin B and the antimicrobial 
properties of silver [90]. 

It has been shown that the presence of silver 
nanoparticles promotes wound healing by promoting 
the proliferation and migration of keratinocytes, and 
possibly by stimulating fibroblast differentiation into 
myoblasts [82, 91]. At the same time, they also influence 
the regulation of local and systemic inflammation after 
injury [92]. Silver nanoparticles have been incorporated 
into a chitosan and polyvinyl alcohol complex to improve 
healing and provide antibacterial activity [93].

Silver nanoparticles exhibit antitumor effects [94], but 
also demonstrate significant cytotoxicity against normal 
cells. However, these side effects can be limited by the use 
of a nanoparticle-guiding agent for the appropriate cell 
type. For example, folic acid was used as a targeting agent 
because of the significant amount of folic acid receptors 
(FR) on the surface of tumor cells, such as the HeLa 
cell line. At the same time, the paracetamol dimer was 
attached to the complex as a model drug molecule. The 
complex demonstrated antitumor activity in experiments 
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