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Abstract: Great perspectives in the field of drug therapy are currently associated with the targeted delivery of drugs to the organ, tissue or 
cells. Drug delivery systems (DDS) play a key role in enhancing the quality of chemotherapy in cancer disease. The intense interest in the 
topic of chemotherapy is the development of novel methods of drug delivery. The success of anti-tumor chemotherapy significantly 
dependends on the ability of therapeutic substances to achieve its target as well as minimal accumulation in non-specific sites (healthy 
organs and tissues). According to that, splendid perspectives in the field of chemotherapy are currently associated with the targeted 
delivery of drugs to the organs, tissues or cells. The essence of targeted delivery is that the drug itself, but more often a means of delivery 
systems (the vector, containers, and others.) modified by molecules, which can be identified by a unique receptor on cells or target sites. 
Then they are called “targeted drug delivery systems”. At the same time, the engineering of multifunctional nanocarriers with several 
useful properties in one carrier (nanoparticles, liposomes, micelles, dendrimers, and others.) can significantly enhance the efficacy of many 
therapeutic and diagnostic protocols. In this article, summarize the accumulated information about potential possibilities of DDS, and the 
practical applications in cancer chemotherapy.  
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Introduction  
All administrating drugs (molecules or particles) before 

reaching their target sites have to bypass multiple biological 
barriers. Which barriers depend on the route of drug 
administration, mechanism of action and pharmaceutical 
formulations? Among these barriers is the reticuloendothelial 
system (RECs); vascular endothelium and gastrointestinal epithelial 
lining (transport through the cell) and the stroma (interstitial 
tissue) barriers; and the intersection of subcellular cell membrane 
and organelle. Therefore, the emerging therapeutic effect of 
medicines directly depends on how these drugs successfully 
reachtheir targets. The success of any therapeutic treatment 
depends not only on the pharmacokinetic/pharmacodynamic 
activity of the therapeutic agent but ona large extent, on its 
bioavailability at the site of action in the human body. Half a 
century ago, biopharmacy disclosed the value of the dosage forms, 
identifying drug formulation as the most important 
pharmaceutical factor influencing the therapeutic efficacy of 
medications. In parallel to this direction, researchers made initials 
attempts to create drug forms with given pharmacokinetics 
characteristics. Such pharmaceutical drug forms have much more 
complicated structure and technology in comparison with 
traditional drug forms; they are called therapeutic systems or drug 
delivery systems (DDS). The primary objectives of establishing such 
systems were: extended drug existence in biological fluids 
(longevity), the orientation of the drug actions, improvement of 

solubility and bioavailability, protect drugs from early 
biodegradation before reached to pathological sites, decreasing 
adverse drug reactions in healthy tissues, organs or cells, and 
reduced the appearance side effects. A prerequisite to the 
appearance of targeted drug transport was the fact that the drug 
administered to the organism by conventional ways was 
distributed there in relatively uniformly, penetrates not only the 
target sites, where they must show a therapeutic effect but also in 
other organs, tissues or cells, where the action of the drug may 
cause adverse effect. As a result uniform distribution of drugs, its 
concentration in the pathological sites can be reduced lower than 
the therapeutic level lead to a weak drug therapeutic effect. 
Prescribing higher doses of the drug for better results increases 
the risk of unwanted and side effects to relevant drugs (this is the 
main problem for most antineoplastic drugs). Transport of the 
drug exclusively or at least predominantly in the area covered by 
the pathological process can dramatically reduce adverse drug 
reaction, reduce the therapeutic dose of the drug and the 
frequency of administration. To accomplish such goals, in the 
present time, researchers are focusing on the nanotechnological 
approaches. 

Nanotechnology opens up new possibilities that could not be 
achieved by simple methods. Nanotechnology has the potential to 
offer solutions to current obstacles in cancer therapies, because of 
its unique size and large surface-to-volume ratios.  
Nanotechnologies have properties of self-assembly, stability, 
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specificity, drug encapsulation and biocompatibility as a result of 
their material composition. DDS in nanoscale (10−1000 nm) [1, 2] 
or multifunctional carriers were capable of changing therapy of 
various diseases due to, primarily, the increased ability to 
overcome various biological barriers, improving half time, and 
targeted drug delivery [1, 3, 4].  At present, there are several 
nanotechnological platforms used for targeted drug delivery; they 
differ in physical and chemical structures [1, 5, 6]: polymersomes, 
nanoparticles, nanoshells, quantum dots, nanotubes, 
nanoemulsion, nanoerythrosomes, dendrimers, polymeric micelle, 
polymer-drug conjugates and others. Also, currently 
pharmaceutical manufacturers are using nanomaterials not only as 
drugs carriers, as well as the packaging material. Thus it is possible 
to increase productivity and maintain drugs consumer properties. 
Uni- (mono), bi- or multi-laminar vesicular structures such as 
liposomes with a variety of desired properties can be applied as 
drug carriers for the anticancer drugs delivery [3, 7–10].  From the 
biomedical point of view, liposomes are biocompatible, cause very 
little or no antigenic, pyrogenic, allergic and toxic reactions; they 
easily undergo biodegradation. They protect the host from any 
undesirable effects of the encapsulated drug, at the same time 
protecting the entrapped drugs from the inactivating action of the 
physiological medium and, they are capable of delivering 
encapsulated contains to intracellular space in different cells. 
Biodistribution of liposomes is a very important parameter from 
the clinical point of view. These conventional liposomes in the 
treatment of cancer and cancer tissue encountered a serious 
problem of stability and inactivity of liposomes to deliver sufficient 
concentration at the site of tumor tissue. Also, when the 
pathological target site is beyond the mononuclear phagocyte 
system, efficient liposome uptake by the macrophages, and their 
subsequent removal from circulation, is one of the main 
disadvantages for possible use of liposomes as DDSs. In this case, 
some problems can be solved using novel technological 
approaches like nanotechnology, biotechnology, others [12, 13]. 
Conventional liposomes can be modified by different methods and 
divert into various types of liposomes with certain properties, like 
pH-sensitive, thermosensitive, stealths, targeting, others. If we 
consider the "stealth liposomes" its suppose strongly hydrated 
polymer coated, covalently coupled antibodies and other 
protective surface proteins (serum proteins) surface, whereby 
such liposomes hinder macrophages do not perceive them as 
foreign particles to be removed. Experiments on animals had 
shown that therapeutic action of anticancer drugs when used 
"stealth liposomes" were unusually intensified and in some cases 
resulted in complete remission of tumors [4, 8, 11]. In malignan 
ttumors, a substantial decrease in the size of the metastasis was 
observed. Liposomes (stealth liposomes) form of the Doxorubicin 
(DOXIL®) shows a significant increase in the effectiveness of 
treatment against the Kaposi Sarcoma [8]; Lipoplatin TM 
(liposomal cisplatin) shows effective reduce cisplatin neurotoxicity 
in phase III human clinical trials with pancreatic, head, neck, non-
small-cell lung (NSCL) cancer patients. Also, well-known liposome 
technology can be applied to improve vincristine (VCR) and 
vinblastine (VLB) sulfate biopharmaceutical properties. For 
example, Jeffrey A. Silverman et al. [12] showed that the liposomal 
form vincristine sulfate (Marqibo®) could overcome the dose-
limiting side effects of vincristine and pharmacokinetic drawbacks. 
Moreover, also there was scientific evidence, that polyethylene 
glycol (PEG) coupled liposomal surface increase the circulation 
half-life of liposomes [13]. 

Researchers focus their attention on several factors for 
developing new DDSs for chemotherapy. Those factors may affect 
therapeutic possibilities of the carrier, the enhanced permeability 
and retention (EPR) effect of some tumors, the ability to 
extravasation, intratumoral distribution, heterogeneity of tumors, 
overexpression of specific cell markers on the target, and others. 
Nowadays, researchers are used possessing research information 
and evidence of histological and physiological characteristics 
(overexpression of cell markers, EPR-effect, pH of tumor tissues, 
hypoxia in tumor tissues and others) most ofthe cancers types for 
the development of novel anticancer DDS (pH-sensitive, redox-
sensitive, targeted and others DDS). Drug formations with targeted 
action (targeted drug delivery systems – TDDS) are more 
important for enhancing the quality of the primary cancer 
chemotherapy. The targeted drug delivery can be devided into two 
types: "active targeting" and "passive targeting" systems. The 
concept of passive drugs targeting was based on the EPR-effect of 
the tumors, the possibility to use nanocarriers for target 
anticancer drug delivery by the EPR – that was first proposed by 
Prof. Hiroshi Maeda in 1985 [14]. However, some cases show that 
the passive targeting method can be limited to certain types of 
tumors – only  have no expressed with EPR-effect, also tumor 
blood vessels structure may not be identical in all area of the 
tumor. Such limitations can be overcome using programmed 
nanoсcarries, which can selectively and actively bind with specific 
target cells after extravasation. It can be achieved by attaching 
targeting agents such as ligands molecules, to the surface of 
nanocarriers, which can bind to specific receptors on the cell 
surface via differents chemical conjugations (polymer conjugates, 
linkers, and others) [15–18] (see Figures 1 and 2). The concept of 
active direction was considered as a specific interaction between 
the drug carrier and the target cells, through ligand-receptor 
interactions. The drug carrier must be on target cells at a very 
close distance (<0.5 nm). However, these DDSs do not have self-
navigating ability to reach the target site by itself [19]. Such 
systems also reach the target through blood flow and 
extravasation. Targeted drug delivery can be also classified by 
areas: the system areas (systemic targeting) and intracellular 
direction (intracellular targeting) [17, 20–23]. 

 

 
Figure 1. Schematic presentation of various kinds of immuno-liposomes. 
Fab – antibody; scFv – single chain Fv-fragments; PEG - polyethylene glycol. 
Source: http://www.liposomes.org/2011/09/  

http://www.liposomes.org/2011/09/
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Figure 2. The schematic representation of the concept of multifunctional 
drug carrier.  
A. Multifunctional liposome (immunoliposomes; Stealth liposomes, and 
others.): 1. PEG-lipid linkers; 2. Polyethylene glycol (PEG) coated "Stealth 
liposomes"; 3. Encapsulated Drugs; 4. Stimulus-sensitive phospholipids; 
5. pH, temperature sensitive, photo-sensible releasing receptors; 6. 
Fluorescent, MRI, radiocontrast agent; 7. The targeting ligands or markers 
(anti-HER2 / neu, ECAMP, RGD, CD19, VEGF-A etс.) a. Connected to the 
distal end of the PEG-chain, b. Connected to the carrier surface. 
B. Liposome-nanoparticle hybrids: 8. Conjugated nanoparticles; 9. The 
nanoparticles immersed in the lipid bilayer; 10. The nanoparticles 
adsorbed on the surface of liposomes; 11. The encapsulated 
nanoparticles.  
C. Multifunctional nanocarriers (magnetic, contrasting, pH-sensitive, and 
others): 12. pH or temperature sensitive polymers; 13. The cell-specific 
receptors; 14. Releasing receptors; 15. Cells penetrating peptides are 
attached to the surface of carriers, and carrier absorption increases with 
cells. 

 
 
Intracellular transport of biologically active molecules with 

therapeutic properties is one of the fundamental problems in drug 
delivery in general. Many pharmaceutical agents should be 
delivered intracellularly to exert their therapeutic action inside the 
cytoplasm or to the nucleus or other specific organelles, such as 
lysosomes, mitochondria, cytoskeleton, or endoplasmic reticulum. 
Among such agents we can find drugs that are used for gene 
therapy and must reach the cell nuclei; pro-apoptotic drugs to the 
mitochondria; lysosome enzymes to the lysosome compartment; 
some terpene indole alkaloids (TIAs), such as VCR and VLB, to the 
cytoskeleton and some others [17, 21, 24, 25]. Namely intracellular 
drug delivery can overcome some significant drug limitations, such 
as multi-drug resistance in cancer chemotherapy. In the 
intracellular drug delivery we can use different carriers, 
nanoparticles, polymeric micelles, laminar vesicles (liposomes, 
immunoliposomes), dendrimers, quantum dots, and others [3, 10, 
21, 26–29]. 

Antibodies TDDSs are the appropriate approach for the 
targeted delivery of anticancer therapeutic agents. By this time, 
scientists are considering the possibility of applying overexpression 
cell marker on the cell surface for the TDDSs [26, 30]. The term 
overexpression is only a relative concept – between the expression 
level of cellular markers in target cells and normal cells. For 
example, in the breast, and ovarian cancer, markers of human 
epidermal growth factor receptor-2 (HER2) increase expression of 
20-30% more than in the normal cells [31] (but some other 

authors claim this overexpression can vary between 10-34% [32] 
and 20-30% [26, 33]). In laboratory studies it was shown, that the 
increment of the HER2 has a direct relationship with the 
pathogenesis of breast cancer, it allows researchers to explore the 
possibility of using HER2 overexpression for developing TDDS 
breast cancer [34–36] in research. Two decades ago Dmitri 
Kirpotin et al. [37] have shown the potential of a stable anti-HER2-
immunoliposomes «PEG-modified phosphatidylethanolamine 
(PEGG-DSPE) coupled with the Fab (fragment-antigen binding) 
fragments of recombinant human monoclonal antibodies (Mab) 
against the extracellular domain of HER2/Neu»  as a carrier for 
targeted delivery of therapeutic agents against HER2 – 
overexpression cancer (Editor's comment: Neu is so named 
because it was derived from a rodent glioblastoma cell line, a type 
of neural tumor). Present day Tianshu Li et al. [38] in their research 
demonstrated the possibility of pH-sensitive immunoliposomes for 
enhanced delivery of anticancer drug to ErbB2 (erythroblastic 
leukemia viral oncogene homolog-2) overexpressing breast cancer 
cells (Editor's comment: HER2 and HER2/Neu are synonyms of 
ErbB2). Overexpression of various receptors on the tumor cells 
have special for tumors structural and biochemical characteristics 
that physiologically distinguishes them from normal cells. Several 
integrin subtypes receptors, which are critical for cell adhesion, 
cell signaling, cell viability and motility, have shown 
overexpression in the cancer cells [32, 39]. Extracellular matrix 
(ECM) molecules serve as ligands for integrins and are crucial for 
carcinogenesis. αvβ3-integrin receptors are overexpressed on the 
surface of various cancer cells, play a critical role in the 
development of tumor angiogenesis (αvβ3, αvβ5, α5β1) and 
metastasis of cancer cells. Thus, ligands that recognize specific 
subtypes of integrins seem excellent candidates for conjugation to 
drugs or the carrier for the tumor targeted drug delivery [40]. 
Many adhesive proteins present in extracellular matrices and the 
blood contain the tripeptide arginine-glycine-aspartic acid (RGD) as 
their cell recognition site. Shunrong Ji et al. [41] developed RGD-
conjugated albumin nanoparticles as a novel DDS for the 
pancreatic cancer therapy. Сell uptake studies were conducted on 
BxPC-3 (primary human pancreatic tumor line) cells since they 
overexpress αvβ3-receptors. They showed that RGD-conjugated 
albumin gemcitabine-loaded nanoparticles (94–166 nm) were 
successfully taken up into BxPC-3 cells in a particular fashion and 
the in vitro and in vivo antitumor efficacy was improved against 
BxPC-3 cells. 

Nowadays, many researchers have been able to create a 
variety of therapeutic systems to drugs delivery with explicitly 
given property (stealth liposomes, immunoliposomes, 
nanoparticles, micelles, others) [3, 10, 26–29, 42], which can be 
successfully used for the delivery of anticancer drugs. D. Kirpotin 
et al. [37, 43], Tao Yang et al. [33], and others, in their research, 
have proved the potentials of immunoliposomes application for 
targeted delivery of anticancer drugs (doxorubicin, vincristine, and 
others) in breast cancer, others. Immunoliposomes – a type of 
liposomes, which surface is associated with antibodies or portions 
of antibody (epithelial cell adhesion molecule – EpCAM, HER-
2/Neu, cluster of differentiation – CD5, CD19, CD20, human 
heparin-binding epidermal growth factor-like growth factor – HB-
EGF, vascular endothelial growth factor A – VEGF-A, 
disialoganglioside – GD2, cancer antigen 19-9 – CA19-9, mucin 1 – 
Muc-1, platelet derived growth factor – PDGF, sulfotransferase 
family 2B member 1 – SULT2B1, others) [15, 17, 20, 44–52] 
prevailing purposeful action as a carrier for medicines. 
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Immunoliposomes can be divided into 3 groups according to their 
structure [53, 54] (see Figure 1). Type I – Immunoliposomes –
molecules (fragment) antibodies are directly connected to the 
surface of the bilayer, with the absence of PEG chains (type I-a) or 
presence (type Ib). Type II antibodies are coupled to the distal end 
of the PEG chain. 

The most frequently used, typical antigens belong to an 
antigen family of HER. In this context HER2 (membrane protein, 
tyrosine kinase family receptors of the epidermal factor EGFR/ErbB 
growth encoded by a human gene ERBB2) is most widely used in 
clinical trials as a target [26, 49, 55]. EpCAM is a transmembrane 
protein that is involved in epithelium-specific Ca2+ independent 
cell-cell adhesion [44, 56]. Among tumor tissue, almost all the 
carcinomas carry EpCAM on their surface. They showed varying 
degrees of expression in cervix, lung, breast, prostate, renal cell, 
colon, rectum, and cutaneous squamous cell carcinoma [47, 52, 
56, 57]. The EpCAM expression is virtually absent in melanoma, 
primary central nervous system tumor, sarcoma, lymphoma, and 
germ cell tumors [44]. At present, researchers have developed a 
more advanced form of immunoliposomes that is called Lytic-
immunoliposomes (LILs) [26]. Enrique et al. (48) in the research 
study developed Trastuzumab [58] (Herceptin™) encapsulated LILs 
against MCF7/HER2 (Editor's comment: MCF-7 is a breast cancer 
cell line isolated in 1970 from a 69-year-old Caucasian woman. 
MCF-7 is the acronym of Michigan Cancer Foundation-7, referring 
to the institute in Detroit where the cell line was established in 
1973 by Herbert Soule and co-workers. Source: 
https://en.wikipedia.org/wiki/MCF-7), and SKBr3 tumor cells lines 
(Editor's comment: SkBr3 is a cell line isolated by the Memorial 
Sloan–Kettering Cancer Center in 1970. Source: 
https://en.wikipedia.org/wiki/SKBR3). In the experiment, they 
noticed that immunoliposomes drastically decreased the viability 
of the studied cell lines, which directly correlated with their level 
of HER2 expression. Cancer-treatment with Trastuzumab 
incorporated onto the immunoliposomes showed dramatically 
increased cell deaths with a minimum concentration level 
(4.7 µg/mL), compared to the free Trastuzumab (100 µg/mL). Also, 
they noticed that Trastuzumab incorporated onto the 
immunoliposomes reduced the length of the treatment and 
showed 20-fold higher therapeutic efficacy than free Trastuzumab. 
Based on the experiment carried out by Enrique et al., we can 
make a conclusion that HER2-targeted immunoliposomes coupled 
to trastuzumab exhibit specific cytotoxicity against HER2-
overexpressing breast cancer cells, a capacity which correlated 
with the level of HER2 expression at the cell membranes. 

Common features of the most tumors are abnormal, deformed 
capillaries with permeable walls, slow blood flow, and poor lymph 
drainage. As a consequence, the unbound drug can diffuse not 
specifically, while nanocarriers may extravasate in the leaky tumor 
tissue through permeable capillaries by the effect of increased 
permeability and retention (EPR-effect) (Figure 3) [20, 36, 59, 60]. 

The increased permeability of blood vessels in the tumors, 
characterized by the rapid and defective neoangiogenesis 
(formation of new blood vessels from existing ones). In addition to, 
dysfunctional lymphatic drainage in tumors allows nanocarriers to 
accumulate and release their drugs in proximity to the tumor cells. 
In experiments, researchers used different liposome sizes and 
demonstrated that the threshold size of the vesicles to 
extravasated into the tumors was ~400 nm (Figure 3), but some 
other studies have shown that the particles with diameters less 
than 200 nm (d<200 nm) more efficient  [4, 15–17, 19, 60–62]. 

 
Figure 3. A schematic representation of extravasate nanocarriers through 
the pores of the capillary endothelium. EPR-effect is the effect enhanced 
permeability and retention. Neoangiogenesis in the tumor has some 
features. The endothelial cells of tumor vessels proliferate in several dozen 
times higher degree than endothelial cells of healthy vessels. As a result of 
high demand for nutrients, oxygen, clearance of metabolic substances, 
developing tumor - create a chaotic arrangement of tumor capillaries. A 
higher level of neoangiogenesis of tumors causes increased permeability of 
blood capillaries, for some solid tumors, characterized by large size pores 
(~1.2 µm) between endothelial cells in the wall of the capillaries. The pore 
size can be varied by the nature of the tumor, stage of development, 
position, place, and others. 

 
Currently, researchers are experimenting with different 

approaches to suppress tumor cell growth and metastasis. In this 
case, there was the concept of inhibition of tumor angiogenesis, 
and it was achieved by oxygen and nutrients delivery limitations, 
metabolites elimination deficiency, which can induce suppression 
of proliferation and lead to the death of tumor cells. Vascular 
endothelial growth factor (VGEF) is one of the signaling proteins, 
which stimulate the process of angiogenesis [63–67]. Its numerous 
effects on the vascularity were shown on different types of cancer 
characterized by excessive expression of VGEF. For example, 
redundancy of VEGF often correlates with the vessel density, 
tortuosity, and increased microvascular permeability. Inhibition of 
angiogenesis in neoplastic tissues can reduce interstitial fluid 
pressure (IFP) within the tumors, which improves the penetration 
and distribution of chemotherapeutic agents into tumors [63, 67]. 
Presently, some researchers made attempts to apply anti-
angiogenic drugs (Bevacizumab, Etoposide, Vasoatatin, others) 
combined with anticancer agents and showed the increase of 
cancer chemotherapy effectiveness [67, 68]. Sorafenib, 
abiraterone acetate, Tivozanib, Regorafenib are inhibitors of VEGF-
receptor and are used in renal carcinoma [65, 69]. Prostacyclin I2 
(PGI2) is an important vascular prostanoid that provides an 
important balance in tumor angiogenesis, restores the 
permeability of the capillaries, pericytes (cells Rouge). Kenneth V. 
Honn et al. [70] first demonstrated on artificial metastasis models 
that PGI2 can significantly reduce the metastasis likelihood in 
several types of lung cancer. Yoshinori Minami et al. [17] in the 
research confirmed that beraprost sodium (BPS), a synthetic 
analog of PGI2 inhibited metastasis in cell lines of Lewis lung 
carcinoma in vivo. 

The physiological microenvironment of solid tumors is 
generally characterized by insufficient perfusion and higher 
metabolic activity. The accumulated evidence over the past 
decades or more indicated that the average value of pH evaluation 
of human tumors was lower than the value of the pH of normal 
tissues [71, 72]. Wike-Hooley et al. [73] showed that this 
difference in is approximately 0.4 units, but some other 

https://en.wikipedia.org/wiki/MCF-7
https://en.wikipedia.org/wiki/SKBR3
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researchers claim that the extracellular pH values are very diverse 
and depend on the type of tumor, method of measurement, 
physiology, age of the patient and others. Some researchers have 
considered the effect of the pH gradient on intratumoral tissue 
and healthy tissue and tried to use it for internalization drugs in 
the tumor and found that some chemotherapy agents have acidic 
or basic properties, the drugs with pKa limit of the range of 4.5-6.5 
were showed significant increasing of cellular uptake by the 
tumor. Intracellular pH (pHi) is an important characteristic of 
cancer cell physiology. Cancer cells are different from normal cells 
in intra-extracellular pH gradient. Normal cells have pHi 7.0–7.2, 
while pHi of cancer cells lies in the range 7.12-7.65. Extracellular 
pH (pHe) of normal tissue is slightly more alkaline than pHi and lies 
in the range 7.3–7.4, while in tumor tissue it is more acidic (6.2–
6.9) [74]. Presently, researchers made attempts to create pH-
sensitive liposomes for targeted, prolonged controlled release of 
drugs. The pH-sensitive release is an attractive approach to 
improve the liposomes properties for the genes and drugs delivery 
in cancer chemotherapy. 

For the preparation of pH-sensitive liposomes [3, 11, 75–77], 
some researchers have used a polyacrylic acid, polyethylene 
glycol-ortho ester-distearoyl glycerol conjugate (POD), trans-2-
aminocyclohexanols [78], N-hemisuccinate-dioleoyl-phosphatidyl-
ethanolamine [79]. Nancy L. Bomane et al. [80] in the research 
with large unilamellar vesicle (LUV) showed that increasing the 
(saturated) the length of the acyl chain of phosphatidylcholine 
molecule increased the internal buffer capacity and made lower 
internal pH; all these lead to increased drugs retention time (VCR). 
They proved that release half-life for vincristine from the vesicles 
at 370C in the buffer increased 1h dimiristoilphosphocholine 
(DMPC)/Cholesterol LUV system to 12-hour 
diarachidoylphosphoicholine (DAPC)/dibehenoylphosphocholine 
(DBPC) system. This study shows that the pH and internal 
environment of the liposome can influence the release of 
encapsulated drugs (VCR) in vitro and in vivo, and this method can 
be used to prepare liposomes carrier with the controlled release 
and prolonged action [75,76]. 

The achievements of nanotechnology for drug delivery as a 
concept have the ability to manipulate molecules and 
supramolecular structures for the produce devices with pre-
programmed functions. Conventional liposomes, polymeric 
micelles, nanoemulsions [81], niosomes [82, 83] and nanoparticles 
are now called "nano-vehicles". 

There is a tremendous opportunity to get a new drug delivery 
systems using nanotechnology, the benefits of nano products [1, 3, 
4, 19, 20, 22, 62, 82, 84–87] are:  

i) protecting the drug from premature degradation 
(increases drug stability, reduces degradation and 
maximizes drug action) [1]; 

ii) preventing drugs from early interaction with the biological 
environment [1]; 

iii) increasing drug absorption in specific tissues (e.g., solid 
tumors) [1, 15, 20]; 

iv) controling the pharmacokinetics properties of the drug and 
its tissue distribution [1, 15, 20, 22, 85, 88]; 

v) improving intracellular penetration [22, 28, 88]; 
vi) overcome tumors multi-drug resistant (magnetic 

nanoparticles, immunoliposomes, nanoliposomes, etc.) [4, 
19, 60, 89–91]. 

vii) reducing rapid excretion of some drugs, increasing the 
drug half-life. 

The major aim of developing nanocarrier drug delivery systems 
is to enhance the therapeutic effect or reduce the toxicity of 
therapeutically active materials. In this context, nanotechnological 
approaches can be used to solve some problems with 
chemotherapeutics drugs. Ex: Paclitaxel is a poorly water-soluble 
anticancer molecule with a short circular period. PEGylation of 
paclitaxel increases the circulation time in the blood over Taxol 
alone. There are some studies where PEGylated nanotubes were 
able to prolong the circulation and significantly enhance cellular 
uptake of the drug by the cancer cells [92, 93]. Paclitaxel 
conjugated single wall PEGylated carbon nanotube showed more 
efficient suppressing of tumor growth in vivo than Taxol or 
paclitaxel-PEGconjugate in a 4T1 breast cancer animal model. 
Nanotubes (single wall nanotubes – SWCNTs, multiwall nanotubes 
– MWCNTs) are promising candidates for cancer drug delivery for 
multidrug resistance cancers. Functionalization of SWCNTs and 
MWCNTs with various conjugates (polymers, linkers, antibody, 
peptides, proteins, others.) can be used for developing of various 
multifunctional carriers for cancer therapy. Xiaoke Zhang et al. [94] 
developed a doxorubicin loaded modified SWCNTs with targeted 
and control released action. The designed carrier (DOX-FA-
CHI/ALG-SWCNTs) demonstrated more cytotoxic effect against 
HeLa cell line (Editor's comment: HeLa is a cell type in an immortal 
cell line used in scientific research. Source: 
https://en.wikipedia.org/wiki/HeLa). Xiangyang Shi et al. [95] have 
introduced covalently attached poly-amidoamine (PAMAM) 
dendrimers to folic acid (FA) treated MWCNTs. Using this 
approach, they demonstrated that PAMAM-FA-MWCNTs can 
target cancer cells that overexpress FA receptors and are useful for 
future development of MWCNT-based platforms for targeted 
cancer chemotherapy, radiotherapy, and imagine purposes. 

Numerous studies have shown that the liposome is a reliable 
carrier for the delivery of the drug to increase the therapeutic 
value of some anticancer drugs [46, 96–98]. In research conducted 
by Jeffrey A. Silverman et al., it was shown that liposomal 
vincristine has high plasma concentrations than free vincristine 
sulfate and it shows more antitumor activity. Eshan Aboutaleb et 
al. [99] developed a new carrier, which includes a water-soluble 
free vincristine sulfate in solid lipid nanoparticles with the aid of 
dextran sodium sulfate using a microemulsion method. Their 
formulation has comparable reduced cytotoxic side effects than 
non-encapsulated drugs for use against MDA-MB-231 cells. Eshan 
Aboutaleb et al. proved that the solid lipid nanoparticles of cetyl 
palmitate, a potential carrier for vincristine drug delivery to the 
brain, to increase the half-life, plasma concentration and also have 
highest brain tissue accumulation by administering particles via 
the tail vein of rats. Paola Sánchez-Moreno et al. [51] formed 
immuno-lipid nanocapsules for targeted delivery of anticancer 
drugs acting on HER2-positive cells in breast cancer. They showed 
the development of immuno-nanocapsules when some antibody 
molecules with various immuno-specificity conjugated on the 
nanocapsule surface efficiently absorbed by the cancer cells. 

In most cases of anticancer chemotherapy, tumors develop 
resistance to multiple types of drugs. Multidrug resistance induced 
by drugs at an early administration, the cells can then develop 
cross-resistance to several unexposed and structurally unrelated 
chemotherapeutic agents. The mechanisms of multidrug 
resistance are: reducing the absorption of therapeutic substances, 
changes in cellular metabolic pathways and increasing the outflow 

https://en.wikipedia.org/wiki/HeLa
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of active therapeutic substances from the cells [89, 100–103]. 
Overexpression of ATP-binding cassette (ABC) transporter is a 
common reason for the appearance of MDR in the tumors. ABC 
transporters are large membrane-bind proteins composed of two 
nucleotide binding domains and the two transmembrane domains 
that are involved in active drugs transport as a mediator 
(substrate) of the cell. They include P-glycoprotein – a protein 
multidrug resistance 1 (MDR1), and others [100, 102]. 

Overexpression of P-glycoprotein (permeability glycoprotein 
«P-GP» and multidrug resistance protein 1 «MDR1») in tumor cells 
confers resistance to many drugs. P-GP is an important protein of 
the cell membrane that pumps a large number of drugs out of the 
cell including many broadly active cytotoxic drugs likes; Taxol®, 
vincristine, vinblastine, actinomycin D, colchicine and daunorubicin 
use in chemotherapy. Overexpression of membrane transporter, 
at the blood-brain barrier (BBB), makes impediment for P-GP 
substrates when entering to the brain. Overexpression of P-GP in 
pathological tissues can make the treatment of various diseases 
difficult and minimize the effectiveness of P-GP substrates drugs 
like – anti-HIV drugs (ritonavir, saquinavir, nelfinavir), and various 
antitumor drugs (vincristine, vinblastine, daunorubicin, and others) 
[103]. Recently, researchers are actively involved in working on 
experiments to overcome the drug resistance of tumors. Many 
scientists make attempts to co-encapsulate cytotoxic agents and P-
GP-inhibitors into nanoparticles to overcome P-GP mediated drugs 
efflux from the tumor cells. Decreased drug efflux will help to 
accumulate antitumor drugs in the tumor cells. However, 
application of P-GP-inhibitors (verapamil, quinidine, cyclosporin A, 
ginsenosides, quercetin and other flavonoids) also can limit the 
expecting result because of adverse effects, incompatibility and 
drug interaction with many of anticancer drugs. However, some 
researchers have been able to obtain positive results. Xiang Rong 
Song et al. [104] in the conducted study showed  that vincristine 
sulfate, and verapamil GC (an inhibitor of P-GP) co-encapsulated 
polylactic-co-glycolic acid (PLGA) nanoparticles could improve the 
therapeutic effect of vincristine, and also increase bioavailability 
[60]. 

Chenyu Wang et al. [68] showed that vincristine encapsulated 
in PEG-associated liposomes (PEGylated-liposomes) conjugated 
with folic acid (FA-PEG-Ls-VCR) have an enhanced anticancer 
effectiveness on drug-resistant tumors and have the potential 
targeted action. They have demonstrated that FA-PEG-Ls-VCR form 
has a greater cytotoxicity than PEG-Ls-VCR or free VCR. They 
compared the VCR concentration that causes the death of 50% 
tumor cel (IC50) l line KBv200. Thus, FA-PEG-Ls-VCR forms showed 
the lowest VCR concentration level than in the other drug forms. 
This research provided a very useful indication of the new way, 
how we can reduce a dose-limiting side effect of vincristine. Sun 
AX et al. [105] in research showed that the combination of 
tetrandrine (tetrandrine is a calcium channel blocker, is bis-
benzylisoquinoline alkaloid isolated from the root of Stephania 
tetrandra S. Moore) with doxorubicin and vincristine in vitro 
demonstrate synergistic antitumor effects. 

Organic anion transporter polypeptide (OATP) is sodium-
independent transmembrane mediator of the intracellular 
transport of clinically important drugs and hormones and allows 
internalization and distribution of the drug within the cell. 
Nowadays, it was known 11 human OATPs, and their amino acid 
sequences were conventionally divided into 6 groups [7, 21, 101, 
106]. OATP amino acid sequences are expressing in certain 
schemes in healthy cells, tissues, organs, resident endothelial cells 

and other biological barriers, but in pathological sites, they will be 
overexpression and may contravene their amino acid sequences 
and also differ from the OATP amino acid sequences in normal 
cells and tissues. Scientific research data argue that the OATP1B1, 
OATP1B3 species De novo are expressed only in liver cells, but they 
were found in the states of cancer in the colon, pancreas, breast, 
prostate, lungs, and ovaries. Many different tumor entities show 
an altered expression of OATPs, and it can be used for cancer 
diagnostic purposes, and also a target for tumor drug delivery 
(tumor immunotherapy) [106].  

In the research conducted by Charles O. Noble et al. [46] it was 
proven that liposomal form of vincristine with targeted action can 
only be applied, when the form is stable (immunoliposomes). For 
the experimental procedure, they prepared a liposomal form and 
nanoliposomal form of vincristine and vinblastine, the results 
showed that the pharmacokinetics profile of the liposomal form 
doesn’t differ from nanoliposomal forms, but significantly 
increased clearance. Also In the experiment, it was shown that  an 
immunoliposomes form of vincristine with targeted action (anti-
HER2 ILs-VCR) and liposomal forms without targeted action (Ls-
VCR) have much pronounced therapeutic effect against HER2 
markers overexpression xenografts of BT474-m2 in rats. 

Recently, some of the researchers have made attempts to 
understand the possibility of applying an external magnetic field 
for targeted delivery of various therapeutic agents, and diagnosing 
agents [91, 107–112]. These studies have shown impressive 
results, and the ability to use it in chemotherapy, anticancer 
hyperthermia [113] and neutrons captured therapy (NСT). The 
magnetically targeted delivery of drugs (magnetic drug targeting) 
has been applied to increase selective delivery of 
chemotherapeutic agents to tumors, which reduce their 
accumulation in healthy tissues and associated side effects. 
Magnetic targeted delivery of drugs (MDT) was introduced by 
Kenneth J. Widder et al. [114] for specific targeting delivery of 
Adriamycin-loaded magnetic albumin microspheres. Magnetic 
liposomes and the magnetic nanoparticles have been used for a 
broad range of biomedical and diagnostic applications, such as 
determination of cell growth, magnetic resonance imaging (MRI), 
magnetic hyperthermia [91, 110, 112, 115, 116] and localized 
targeting drugs delivery [15, 85, 90, 91, 117]. In research 
conducted by Suman Dandamudi et al. [112] was shown in vivo 
that magnetic field improves vascular absorption of vinblastine 
encapsulated magnetic cationic liposomes (MCLs-VLB) in tumors 
and significantly increases the cytotoxic activity against B16-F10 
tumor cells. At the same time, they found an alternative external 
magnetic field that is more efficient than a constant and 
significantly enhances the accumulation of MCLs-VLB in the tumor 
site. 

The iron oxide materials are used mostly (Fe2O3) as sources of 
magnetic nanoparticles. However, the iron oxides have several 
advantages over the Fe and Co nanoparticles, for example, better 
oxidation stability, compatibility in non-aqueous systems and the 
absence of toxicity. Among the four obvious crystalline 
polymorphic modifications of iron (III) oxide (α-Fe2O3 as hematite, 
β-Fe2O3, γ-Fe2O3 maghemite and a ε-Fe2O3), maghemite gained the 
most interest as magnetic materials [90, 110]. Also, talking about 
the biocompatibility and biodegradability, magnetite Fe3O4 is a 
very promising candidate. The coating of magnetic nanoparticles 
with polymers is the most common method for developing a 
magnetic targeting drug delivery system and diagnostic tools. 
Moreover, it allows to improve the stability of the nanoparticles 
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from oxidation in the body and may provide certain properties to 
the nanocarriers as thermal sensitivity (ex: poly-N-isopropyl-
acrylamide) [1], the pH sensitivity (ex: N-naphthyl-O-
dimethylmaleoyl chitosan, poly(2-(dimethylamine)ethyl 
methacrylate (PDMAEMA), polyethylene glycol-ortho ester-
distearoyl glycol conjugate (POD) / 
dioleoylphosphatidylethanolamine (DOPE) [76, 85, 118], targeted 
action, etc. Eun-Kyung Lim et al. [85] in their research created pH 
sensitive doxorubicin encapsulated N-naphthyl-O-
dimethylmaleoyl-chitosan nanoparticles for the effective 
treatment of tumor cells NIH3T6.7 in vivo. 

Shanta Singh N et al. [119] in conducted research discovered 
the potential of mesoporous silicate nanoparticles (MSNs) 
encapsulated fluorescent nanoparticles (YVO4: Eu3+) and Fe3O4 
nanoparticles as carriers for delivery of therapeutic substances. 
They found [YVO4: Eu3+ – MSNs] encapsulated doxorubicin has 
synergistic cytotoxic effects against HeLa tumor cells line and MCF-
7, also identify the pH sensitive release of doxorubicin from [YVO4: 
Eu3+ – MSNs]-DOX and 53% encapsulated doxorubicin release at 
pH 4.3 and 31% at pH 7.4. In the work of Lilian Zhou et al. [22] 
developed a simple method for synthesis of magnetic 
nanoparticles (MNPS) coated with poly-2-dimethylamino-ethyl 
methacrylate (PDMAEMA) as a new potential carrier for targeted 
drug delivery with controlled-release. Ecaterina Andronescu et al. 
(117) in their work developed collagen/hydroxyapatite - magnetite 
composite material (COLL/HA-Fe3O4) for the treatment of cancer 
in the bones; studies have shown prepared material has a multi-
functional, regenerative effect (collagen/hydroxyapatite) and the 
anti-tumor effect manifested by magnetic hyperthermia. They 
found that more than 5% content of COLL/HA-Fe3O4 in the particle 
demonstrates the pronounced magnetic hyperthermal effect on 
tumor cells. 

Yong-Xing Zhao et al. [96] in the experiment demonstrated the 
possibility of using DNA nanostructure (DNA-origami) as a drugs 
carrier; they described the possibility of using DNA-origami 
nanostructures as a delivery system for doxorubicin. They carried 
out in vitro studies and demonstrated that DNA-origami-
doxorubicin system increases the intracellular penetration of 
doxorubicin and triggers apoptosis in cell line MCF-7, MDA-MB-
231 and MDA-MB-468 (breast cancer cells) at a lower 
concentration than the doxorubicin alone. DNA origami based 
construction has several advantages: (i) same size, shape, and 
charge for each particle instead of the size distribution often seen 
for self-assembled nanostructures; (ii) perfect control of the 
placement of functionalities on the structure using specific 
oligonucleotides. Such properties of DNA-origami make it a worthy 
candidate for developing of an ideal system for drugs delivery in 
chemotherapy in the future. 

Batyrbekov et al. [120] in their research has shown the 
possibility for developing calcium alginate gel microparticles drug 
delivery systems for sustained release of vincristine. Researchers 
use different types of drugs delivery system (liposome, 
nanoparticles, micelles, and others) for vincristine sulfate, and 
vinblastine sulfate, to increase the efficiency, bioavailability and 
decrease side effects with the help of targeted drug delivery. 
Table 1 provides a summary of some of the systems were used to 
deliver vincristine and vinblastine and other chemotherapeutic 
agents. 

Nanomedicine is defined as the application of nanotechnology 
to achieve breakthroughs in healthcare. The development of drug 

delivery systems has improved the therapeutic properties of 
existing chemotherapies and facilitated the implementation of 
new ones. Currently used drug delivery systems, such as 
liposomes, micelles, dendrimers, nanoemulsions, nanotubes, 
polymeric nanoparticles, quantum dots, and many others 
demonstrate a broad variety of useful properties. Moreover, also 
every one of these has own particular advantages and 
disadvantages in practical usage. Every day many researchers 
around the world try to develope novel DDS, solve existing 
problems associated with drug delivery. It is obvious that nano-
targeted drug delivery system holds great potential to solve the 
problems that today’s drug delivery systems are facing. It can 
efficiently target cells and molecules in specific areas such as 
inflammation and cancerous tumors, and can also help the drugs 
to function in an effective manner. Further research will need to 
be carried out to investigate the unknown properties and 
characteristics of the nano-drugs forms for maximum safety. A 
wide range of pharmacological and toxicological profiles are 
mandatory requirements for these DDS to practical usage.  Also, it 
is important to understand the outcome of the drugs in the clinical 
usage. Another challenge is to accurately characterize molecular 
targets to ensure that the drug will only be released to the 
targeted pathological sites; this can prevent damages caused on 
the healthy tissues which may lead to undesirable side effects and 
drugs complications. Since investigating DDS increases the 
efficiency of drug delivery, the doses can be recalibrated. 
However, the future of DDS technology remains exciting and wide-
open. 

 
Conclusion 
At this moment, there is a various kind of systems for the 

delivery of chemotherapeutic agents, and each has its advantages 
and disadvantages. Most of the DDS are related to synthetic 
nature and in the metabolic processes in the human body can 
produce toxic products that can cause complications and toxic 
effects in the elimination, and others. Therefore, it is relevant to 
create a more natural system for the delivery of therapeutic 
agents. At present, targeted delivery of chemotherapeutic agents, 
and drug delivery systems can completely change tactics and 
approaches to the treatment of cancer therapy, minimize side 
effects of the drugs and increase the overall effectiveness of 
therapy. As we review in this article, the majority of these 
methods, systems, and drug forms are still in the research stage, 
and some developed techniques gradually find their practical 
application in medicine and other areas. The overall goal of all 
these efforts – improving living conditions, the convenience of 
cancer patient’s life, and increase the effectiveness of 
chemotherapy. Based on the review of published data, we can 
conclude that the theoretical basis of these methods will be 
reliable for the possibility of improving the quality of 
chemotherapy in the future. Still, we have to find out many 
answers for the existing problems in the drug delivery, step by 
step the researchers forwarding right direction, to where one day 
fulfill the Paul Ehrlich magic bullet concept. 
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Table 1. Delivery systems for some chemotherapeutics agents 
Type of the carrier Authors Forms and materials Encapsulated 

agent 
Size Applications 

Poly (lactic-co-
glycolic acid) 
PLGA-PEG 

Chen et al., 
2012 [121]  

Folic acid and peptide conjugated PLGA-PEG, 
bifunctional nanoparticles 

Vincristine ~250 nm MCF-7 cell 

Ling et al., 2010 
[122] 

Dextran sulfate hybrid PLGA nanoparticles Vincristine ~128 nm MCF-7 / ADR (breast 
cancer cell model 
MDR) 

Peng Zhang et 
al., 2011 [42] 

Multifunction PLGA-PEG-PS- Nanostructure Vincristine ~95 nm MCF-7/ADR 

Cui et al., 2011 
[123] 

Distearoyl phosphatidylethanolamine-PEG-liposomes 
(DSPE-PEG) 

Vincristine ~100 nm RM-1 prostate 
cancer cells; DBA / 2 
mice; BDF1 mice 

Aboutalb et al., 
2013 [99] 

Dextran sulfate-solid lipid nanoparticle complex Vincristine 100~169 nm MCF-7 

Liposomes Krishna et al., 
2001 [98] 

1,2 distearoyl-sn-glycero-3-
phosphocholine/cholesterol (DSPC/Chol.) or 
sphingomyelin/ cholesterol (55/45; mol/mol) 

Vincristine 100-120 nm BDF1 mice/ LLC cells 

Silverman et al., 
2013 [12] 

vincristine sulfate liposome injection (Marqibo®), 
sphingomyelin / cholesterol (SM / Chol.) liposomes 

Vincristine ~100 nm Rag2M mice; non-
Hodgkin's 
lymphoma, FDA 
approved clinical use 

Zucker et al., 
2012 [124] 

Phospholipon 100H / cholesterol / PEG 2000 Vincristine  110~130 nm mice 

Leonetti et al., 
2004 [125] 

Sphingomyelin/cholesterol liposome (SM / Chol.) Vincristine ~115± 25  nm P388 tumor cells in 
mice and human 
neoplastic cells A431 

Mayer et al., 
1985 [96, 97] 

Distearoyl phosphatidylcholine (DSPC) / Cholesterol Vincristine 0.1~2   µm L1210 leukemia cells 
in mice 

Wong et al., 
2011 [126] 

Egg sphingomyelin (the ESM) / Cholesterol / PEG2000-
ceramides / quercetin (72.5: 17.5: 5: 5) liposomes. 

Vincristine ∼130 nm cell MDA-MB-231 

Wang et al., 
2013 [89] 

HSPC/Cholesterol/mPEG2000-DSPE/FA-PEG3350-DSPE Vincristine 79 -92 nm KBv200 cells 

Gilead Sciences 
Inc., 1996 

Distearoylphosphatidylcholine/ cholesterol 2:1 DaunoXome® 
(daunorubicin 

citrate) 

~46 nm Clinical approved 

Stathopoulos et 
al., 2011 [127, 
128] 

Dipalmitoylphosphatidylglycerol 
(DPPG)/soyphosphatidyl choline (SPC-3), cholesterol/ 
methoxypolythylene glycol distearoyl 
phosphatidylethanolamine (m-PEG 2000-DSPE). 

Lipoplatin TM 
(Cisplatin) 

~110 nm Phase III clinical test 

pH- sensitive 
liposomes 

Mayer et al., 
1993 [97] 

dirahidoil phosphocholine (DAPC) / di behenoyl 
phosphocholine (DBPC) system 

Vincristin ~100 нм In vitro 

pH-sensitive 
immunoliposomes 

Li et al., 2016 
[38] 

1,5-Dihexadecyl N, N-diglutamyl-lysyl-L-glutamate / 
(polyethylene glycol), PEG-Fab’(ErbB2)-(GGLC) 
liposome 

Doxorubicin ~202±65 nm HCC1954 cells 
(human breast 
cancer cells with 
high ErbB2 
expression) and 
MDA-MB-468 
(human breast 
cancer cells with low 
ErbB2 expression) 

Multifunctional 
liposomal 
nanocarriers 

Zhang et al., 
2008 [129] 

DSPC:Chol:PEG-DSPE:PDP-PEG-DSPE:VCR + mutant 
soluble BAFF (tumor-specific the ligand for human B-
cell lymphomas) 

Vincristine 0.22 µm preclinical 

Tuscano et al., 
2010 [130] 

hydrogenated soy 
phosphatidylcholine/cholesterol/mPEG2000 

Doxorubicin  CD22-positive 
human Burkitt's B-
cell lymphoma line, 
Raji (ATCC CCL-86), 
Ramos (ATCC CRL- 
1596), and CD22-
negative human T-
cell leukemia line, 
Jurkat (ATCC TIB-
152) 

Noble et al., 
2009 [46] 

Anti-HER2 - immunoliposomes-[Chol.- (DSPC) - (PEG-
DSPE) - anti-HER2 scFvF5] 

Vinblastine 76~102 nm BT474-M2 cells 

Emulsion Zhang et al., 
2013 [131] 

The submicron emulsion, VCR-oleic acid ion complex 
(VCR-OA) 

Vincristine 145~170 nm MCF-7 cells; mice 
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Type of the carrier Authors Forms and materials Encapsulated 
agent 

Size Applications 

Nanoparticles Tan et al., 2014 poly (butyl cyanoacrylate) nanoparticles externally 
modified with Pluronic® F127  

Vincristine <0.8-µm Raji cells (cells from 
a cultured human 
lymphoblastoid cell 
line derived from a 
patient with Burkitt's 
lymphoma). 

Mathew et al., 
2010 [132] 

folic acid (FA) conjugated carboxymethyl chitosan 
coordinated to manganese doped zinc sulfide 
quantum dot (FA–CMC–ZnS: Mn) nanoparticles 

5-Fluorouracil 130–150 nm Breast cancer cells 
line MCF-7 and 
Mouse fibroblast 
cells L929 

Quantum dot Savla et al., 
2011 [133] 

pH-responsive quantum dot-mucin1 aptamer-
doxorubicin (QD-MUC1-DOX) conjugate for 

Doxorubicin - A2780/AD multidrug 
resistant human 
ovarian carcinoma 
cell 

Nanotubes Zhang et al., 
2009 [94] 

Folic acid- Chitosan- Sodium alginate-SWNTs-
doxorubicin (FA-CHI/ALG-SWCNTs-Dox) 

Doxorubicin L ≥50 mm, d 
~1–2 nm 

HeLa cells 

Shi et al., 2009 
[95] 

Multifunctional Dendrimer-Modified Multiwalled 
Carbon Nanotubes (MWCNT-PAMAM-FA ) 

Fluorescein 
isothiocyanate, 

folic acid  

L ~100 nm, d 
~30-70 nm  

KB Cells 

Polymer carrier Šírová et al., 
2016 [134] 

N-(2-hydroxypropyl)methacrylamide (HPMA) – Dox 
conjugate 

Doxorubicin - EL4 lymphoma 
tumors 
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