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ABSTRACT 
Besides the active ingredient, matters of administration are of tremendous importance for the performance 
of a drug. A variety of carriers, differing in morphology and composition can be applied to enhance the 
efficiency of pharmaceutical active compounds. This review addresses common administration routes for 
cancer chemotherapy, i.e. intravenous injection, oral and transdermal application, and presents related 
carriers. Emphasis has been placed on vesicular systems, which are particularly useful for intravenous and 
oral administration. In view of considerable morphological impacts on the performance of a drug, methods 
for the physico-chemical characterization of carriers, covering size, encapsulation efficiency and drug release, 
are addressed as well.
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INTRODUCTION 
Cancer is a disease caused by uncontrolled 
growth of cells inside an organism. According 
to the World Cancer Report 2014, cancer is 
the leading cause of death worldwide. In 
many case the tumour, i.e. the core 
aggregation of cancer cells, can be removed 
by surgery. However, in order to remove 
metastases, referring to spread new colonies 
of cancerous cells, an additional therapy with 
anti-cancer drugs, known as chemotherapy, 
is frequently required. Many anticancer 
drugs target the DNA replication, since the 
uncontrolled division of cells is the source of 
disease [1,2]. Anticancer drugs can block the 
nucleic acid biosynthesis, damage the 
structure and function of DNA, interfere 
transportation or block the RNA or 
subsequent protein biosynthesis of key 
features for the mitosis [3]. Less common 
approaches aim on the interactions of 
cancerous cells, e.g. hormones and the supply 
of nutrients [4]. The typical interaction target 
mitosis requires cancer drugs to enter the 
cell prior to their medical action.  
 The0020chemical nature of anticancer drugs 
is divers, covering both hydrophilic [5,6] and 
hydrophobic active compounds [7]. A typical 
problem of chemotherapy is the non-cell-
specific action of the drugs, which commonly 
affect any cell at the stage of division. This 
leads to severe side effects, which is 

visualized in the loss of hair for 
chemotherapy patients [8]. In order reduce 
the toxic side effects, localized application of 
drugs is important. For this the application of 
a delivery system is crucial. Besides 
restriction of drug distribution to the 
targeted location a delivery system should 
address the transfer of the cancer drug into 
the target cell as well. 
ADMINISTRATION OF ANTICANCER 
DRUGS 
Intravenous administration 
The intravenous administration is a method, 
in which the medication is injected into a 
vein through a needle or tube. This method is 
the most commonly used to achieve either 
immediate accessibility of the drug in the 
bloodstream, e.g. for emergency treatments, 
or to avoid its damage on the way through 
the gastrointestinal (GI) tract owing to acid- 
or enzyme-induced reactions. Suitable 
anticancer drug carriers for intravenous 
injection administration involve nanotubes 
[9], nanoparticles, [10] vesicles [10] and 
emulsions [11]. While this administration 
type provides the lowest constraints in terms 
of compound compatibility, patients typically 
dislike the injections. Besides, the latter can 
cause medical problems due to extravasation 
of drug or blood, catheter infections, and 
thrombosis [12]. 
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Oral administration 
Oral intake of medication requires 
absorption through the gastrointestinal (GI) 
tract. The main advantage of this 
administration is convenience for the 
patients, which is particularly important for 
paediatric patients, including elderly who 
need to take medications regularly and 
continuously. Oral medication can prevent 
the pain and discomfort associated with 
injections and avoids the possibility of 
infections caused by inappropriate use or 
reuse of needles. Potential biodegradation 
inside the GI system limits oral applications 
of delicate drugs unless a suitable drug 
carrier offers protection. Typical carriers for 
oral drug administration cover emulsions, 
[13] microspheres, [14] liposomes [15] and 
nanoparticles [16].  
Transdermal administration 
In transdermal administration the active 
ingredients are placed on the surface of the 
skin to be absorbed into the systemic 
circulation. This method is not widely used, 
because the skin typically exhibits low 
permeability for compounds. However, if this 
problem can be overcome, transdermal drug 
delivery provides advantages over both oral 
and intravenous administration. Most 
eminent are patients acceptance on the one 
hand, and bypassing the challenging 
gastrointestinal tract on the other. Compared 
to intravenous and oral administrations, the 
variety of carriers for transdermal 
applications of drugs is significantly smaller 
and practically limited to nanoemulsions 
[17] emulsions, [17] and gels [18]. 
A variation to the simple transdermal 
administration is iontophoresis. In this 
method the penetration of ionic drugs 
through the skin is promoted by application 
of low voltage with continuous constant 
current [19]. Hydrophilic macromolecules 
require a higher voltage, and the method is 
then called electroporation [20]. Current 
promoted administrations are typically 
applied for topical therapy of head and neck 
cancers [21]. 
ANTICANCER DRUGS CARRIERS 
Objectives for drug carriers 
Drug carriers can be multifunctional, which 
means that they provide benefits in more 
than one aspect. A generic function is the 
protection of the drug from untimely 
degradation inside the human body. This, 
particularly, applies for the period the drug 

requires to reach the targeted action site. The 
protection of the drug molecule is 
accompanied by protection of non-targeted 
tissue from potential damage by the drug. 
This aspect, aiming on a minimization of side 
effects of the medical treatment, becomes a 
key feature for targeting delivery systems, 
which can be compared with a postal 
delivery of a bomb that requires opening of 
the package to cause damage. Unfortunately 
targeted drug delivery is currently a subject 
of research but far away from application 
[22,23]. 
Besides the protection of the drug, the 
carrier can aim for a constant release of the 
drug over a period of time. This way a steady 
drug concentration may be achieved without 
frequent drug administrations. At the same 
time the approach avoids, or at least 
minimizes, high drug concentrations, which 
typically increase side effects. The drug 
carrier in such a case acts as a reservoir or 
‘release system’ to provide an ideally 
constant concentration of active ingredient 
[22,23]. 
Finally, the carrier can serve to provide 
passage to the targeted site of action. Since 
anticancer drugs commonly act inside the 
cell, they need to pass the cellular membrane 
prior to any action. Although nature provides 
mechanisms for exchange processes between 
cells and the environment, a carrier that 
actively promotes bypassing of the cellular 
membrane potentially enhances the 
efficiency of the drug [22-24]. 
Hydrogels 
Hydrogels are three-dimensional assemblies 
of hydrophilic polymers. They are either 
cross-linked thermoset gels or high 
molecular weight (plastic) polymers that are 
formulated into a colloidal assembly. As the 
name suggests, they exhibit strong affinity 
for water. The crosslinking or high molecular 
weight, however, prevents them to dissolve; 
instead they swell, thus providing a sponge 
like structure. The swelling of hydrogels can 
lead to a water content exceeding 90% of the 
gel [22]. The porous structure provides 
cavities for the loading with drugs. The latter 
can subsequently diffuse out of the hydrogel 
carrier and ideally ensures a steady 
concentration of bio-accessible drug. The 
function of a hydrogel, hence, is that of a 
reservoir releasing the drug continuously. An 
example for the use of hydrogels in cancer 
therapy is the proposed co-delivery of 
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metformin and 5-fluorouracil using a Schiff 
base-based hydrogel for the treatment of 
colon cancer [23]. 
Poly(hydroxycarboxylic acids)  
Poly(hydroxycarboxylic acids), also termed 
PHAs, are biodegradable polymers. Typical 
examples are PLA, or poly lactic acid, and 
PLGA, a copolymer of lactic and glycolic acid 
[24]. The ester linkage of these polymers is 
susceptible to biological hydrolysis, giving 
rise to a slow release of enwrapped drugs. 
Like hydrogels, PHAs aim for a steady drug 
level inside the body. However instead of a 
diffusion process, the drug release relies on a 
lipase induced degradation of the polymer 
matrix. More recently longer chained PHAs, 
particularly medium chain PHAs, have gained 
interest [25]. The choice of the monomers 
potentially enables a tuning of the 
degradation rate and, hence, the release. 
Besides, it also may affect the drug loading 
efficiency of the polymer. Examples for the 
application of PHAs in drug delivery are 
coated microsphere formulations for the 
treatment of cerebral tumors. For 5-
fluorouracil containing carriers a chitosan 
coating was applied [26], while a taxol 
containing carrier was coated with 
polyethylene glycol instead [27]. 
Nanotubes 
Nanotubes provide an internal volume, 
which can be filled with drug molecules. The 
function of nanotubes in drug delivery is 
closely related to the hydrogel, i.e. providing 
a reservoir for the release of the drug. The 
radius of the nanotube must be sufficiently 
large to enable the active ingredient to 
diffuse into the interior, while the interior 
volume limits the maximum drug uptake. The 
nanotubes have different inner and outer 
surfaces for functionalization, potentially 
affecting the interaction with the drug and 
the host organism, respectively. Inorganic-
based nanotubes can be either single walled 
[28] based on carbon, boron carbide, boron 
nitride and silicon, or multi-walled carbon 
nanotubes [29]. Organic variants are hollow 
cylindrical nanomaterials consisting of 
monomer units, containing both hydrophilic 
and hydrophobic domains. The unique 
structures of these amphiphilic molecules 
drive their self-assembly in aqueous media 
[30]. A hydrophobic, poorly water-soluble 
drug, such as hydrocortisone, was 
encapsulated using organic nanotubes [31], 
whereas for a hydrophilic drug, i.e. 5-

fluorouracil, nanotubes based on TiO2/ZnS 
were applied [32].  
Nanoparticles  
Nanoparticles are tentatively spherical 
structures with a size ranging from 1-100 nm 
in all dimension. Common nanoparticle drug 
carriers cover solid lipid nanoparticles [33] 
as well as polymeric nanoparticles [34]. Both, 
natural and synthetic, polymers have been 
applied; examples cover cellulose and 
chitosan on the one hand and acrylic 
polymers on the other. The coating of a drug 
can prevent its degradation under the acidic 
conditions inside the stomach, while it can 
subsequently be released in the distal ileum. 
Nanoparticular coating is, therefore, 
particularly interesting for oral 
administration. The approach has been 
applied on paclitaxel, a hydrophobic drug 
used for treating ovarian, breast, lung, 
pancreatic and other cancers. Paclitaxel 
loaded lipid-based nanoparticles enhanced 
the drug availability at the tumour compared 
to application of the non-coated drug. [35]. 5 
Fluorouracil, a hydrophilic drug, on the other 
hand, has been successfully formulated into 
polymeric nanoparticles using chitosan. The 
nanoparticles effectively retained the drug 
loading at acidic conditions, but released it 
upon reaching mild alkaline. Most of the drug 
was released within a few hours [36].  
Recently graphene, or more tpically 
graphene oxide, has been applied in the 
preparation of drug-loaded nanoparticles 
[37]. The aromatic system in grapheme 
derivatives enables the binding of drug 
molecules via stacking [38]. Moreover, 
chemical modification of the grapheme oxide 
potentially enables a targeting drug delivery 
[39]. The functionalization of this sheet-
shaped material with cyclodextrins as 
organic hosts for small organic molecules, 
like most drugs, is particularly promising 
[40]. Nanoparticles can be obtained by 
crosslinking functionalized graphene sheets 
[41]. The active incorporation of the drug 
inside the graphene bonded supramolecular 
hosts in combination with an effective 
crosscoupling potentially enables a high drug 
loading, thus providing advantages over 
other nanoparticle carriers.  
Vesicles and Liposomes 
Vesicle is a universal term for a self-enclosed 
bilayer amphiphilic. Inside the enclosed 
aqueous phase of the vesicle water-soluble 
drugs can be encapsulated, while oil-soluble 
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drugs may be incorporated into the core of 
the hydrophobic bilayer [31,42,43]. In other 
words, vesicles enable the encapsulation and 
controlled release of both, hydrophilic and 
hydrophobic, active ingredients. They find 
applications not only in drug delivery 
systems, but also for agrochemicals and 
personal care products. Unlike the previously 
discussed drug carriers, vesicles potentially 
promote an active delivery of the drug into a 
cell similar to cellular exchange processes 
involving membrane fusion and separation 
[36,44,45]. 
Vesicles are classified according to size and 
lamellarity, reflecting the number of bilayers 
separating the aqueous core from the water 
environment. An illustration of the most 
common vesicle types and their preparation 
is provided in (Figure 1). Typically vesicles 
adopt a spherical shape. Ultra-small 
unilamellar vesicle (USUV) having diameters 
in a range of 5-10 nm, [39,46] whereas the 
common size for small unilamellar vesicle 
(SUV) is almost a magnitude larger. Reported 
criteria vary from 8-40 nm, [41] over 20-50 

nm, [47] up to <100 nm in diameter [48]. 
These vesicles, which all contain a single 
bilayer only, can be prepared either by the 
solvent injection method [49] or by 
sonication and extrusion of large vesicle 
precursors, respectively. The latter covers 
large unilamellar vesicels (LUV) and 
multilamellar vesicels (MLV). LUVs typically 
have a diameter exceeding 100 nm, or 0.1 m 
[48,50] and can reach a size of several μm 
[51]. Like SUV they can be obtained by a 
solvent injection method, usually using either 
ether or ethanol [48]. MLVs have similar [48] 
or even larger sizes [50] than LUV, but 
consist of two or more concentric bilayers 
[51,52]. Their preparation applies thin film 
hydration [48] or freeze-drying of preformed 
SUV dispersions in an aqueous solution of the 
drug to be encapsulated [48]. The biggest 
vesicles are called giant vesicles (GUV), 
covering a range of about 5-100 μm [51-53], 
whereas the last category, oligovesicular 
vesicles (OVV), indicate small vesicles 
incorporated inside big vesicles [54]. 

 
  

Figure 1: Overview on typical vesicle types and their preparation. 

SUV are commonly used for intravenous 
injection [55]. This application is limited to 
sizes below 100 nm [52] and determined by 
the diameter of the average blood capillary, 
which is 7000 nm [51]. Although blood cells 
with a diameter of 8000 nm can pass theses 
capillaries, vesicles are less flexible and, 

hence, must be smaller to ensure effective 
circulation within the blood stream. There 
are many synonyms for vesicles, reflecting 
the base material used: [51] Liposomes are 
very common lipid vesicles, primarily 
prepared from phospholipids [49,50,56], 
while niosomes apply non-ionic surfactants 
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[57] and catanionic vesicles, or “catansomes” 
are formed by pairing anionic and cationic 
surfactants in equimolar ratio [58]. Finally, 
the term ethosomes refers to phospholipid 
vesicular systems embodying ethanol in high 
concentrations, i.e. about 20-50 wt% [59]. 
CHARACTERIZATION OF DRUG CARRIER 
Physico-chemical characterization 
The average size and its distribution, 
typically reported as polydispersity index, 
can be determined using dynamic light 
scattering [60]. This method is generic and 
can be applied for a variety of drug carriers, 
provided a homogeneous liquid phase can be 
obtained. More information regarding the 
carrier morphology, reflecting surface 
roughness and shape of a drug carrier can be 
obtained using field emission scanning 
electron microscopy (FESEM) or 
transmission electron microscopy (TEM) 
[61]. Vesicular systems commonly require 
specialized equipment for TEM, also referred 
to as cryoTEM [62]. 
The surface charge is an important feature, 
since it determines the interaction of the 
drug carrier with its environment, including 
the surfaces of potential cellular targets. It is 
typically measured as zeta potential. Zeta 
potential measurements have a high 
significance in the preparation and 
optimization of drug carriers, as the 
magnitude enables to predict the stability of 
a colloidal formulation. High zeta potentials 
indicate strong repulsive interactions of drug 
carriers, which stabilize a colloidal 
dispersion, while the risk of coagulation or 
floculation increases with low zeta potential. 
For typical colloidal systems zeta potentials 
between 0 mV to ± 5 mV refers to rapid 
coagulation or flocculation, while a range 
between 10 mV to 30 mV, positive or 
negative, indicates incipient instability. 
Moderate stability is obtained with zeta 
potentials between 30 mV and 40 mV, 
whereas good stability requires a range from 
40 mV to 60 mV. Zeta potentials exceeding 
60 mV are associated with excellent 
dispersion stability [63,64]. 
Encapsulation efficiency 
The anticancer drug loading of carriers can 
be monitored by various techniques that 
enable the determination of concentration of 
the respective drug. Typical methods are UV-
VIS spectroscopy, [65] fluorescence 
spectroscopy, [66] and HPLC [67]. 
Combination of the latter with mass 

spectrometry [59] avoids misinterpretations 
due to additives. The drug encapsulation 
efficiency requires the separation of free 
from encapsulated drug. The latter can be 
achieved by ultrafiltration, e.g. by using 
centrifugal filter devices [60]. Besides, 
specific physical properties of the carrier, 
like magnetic behaviour, can applied as well 
[61]. The amounts of non-encapsulated drug 
in the supernatant and encapsulated drug in 
the sediment are separately determined 
based on suitable calibration curves. 
The drug encapsulation efficiency refers to 
the share of the utilized drug that is 
encapsulated inside the carrier. Typically 
mass fractions are applied, reported as EE%. 
The encapsulation efficiency varies widely 
with the material and the method utilized for 
the carrier preparation. The following data, 
reflecting the encapsulation of 5-Fluorouracil 
in a variety of carriers illustrate this nicely: 
Application of a reverse-phase evaporation 
approach the vesicular encapsulation 
efficiency of a system containing of 
dipalmitoylphosphatidyl choline (DPPC) and 
cholesterol system led to an EE% of 5.7%. 
This encapsulation efficiency was about one 
magnitude higher compared to the same 
system when an ethanolic injection method 
was applied [68]. The difference probably 
reflects a higher dilution factor for the 
injection method. On the other hand, 
application of DPPC without cholesterol in a 
modified reverse-phase evaporation 
approach increased the encapsulation 
efficiency to above 90%, [69] and the use of a 
different surfactant system enabled an EE% 
of about 80% despite the use of an injection 
method [70]. Compared to the vesicular 
encapsulation, the use of polymeric 
nanoparticles based on triphosphate-
crosslinked chitosan was with ~70% and 42-
55%, respectively, less effective [71,72]. 
In vitro drug release 
Even more important than the encapsulation 
efficiency is the release profile of the drug. In 
fact, it is the most important consideration 
for a delivery system, since it controls the 
bioavailability and, hence, the therapeutic 
efficacy. The most popular and common 
method to study the in vitro drug release is 
the so-called dialysis bag method. In this 
method the encapsulated drug is placed 
inside dialysis bag into a bulk volume of 
moving water at 37°C, mimicking a body 
fluid. The drug concentration is determined 
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at various time intervals. Variations of the 
dialysis bag method cover side-by-side 
diffusion cells as well as ultra-centrifugations 
and ultra-filtration approaches [73-76]. 
CONCLUSION 
Drug delivery is a complex matter with many 
facets. A variety of drug carriers is applied 
catering for three major administration 
routes. Presently most common are release 
systems, aiming for a steady concentration of 
the drug, whereas the ultimate goal of a 
targeted drug delivery system remains at an 
early stage of development. Owing to their 
encapsulation ability for both, hydrophilic 
and hydrophobic, drugs, vesicular delivery 
systems are considered most promising. 
Moreover, they potentially enable the 
incorporation of recognising domains, thus 
providing access to targeted drug delivery as 
well. The probably best competitors are 
nanoparticle incorporating graphene oxide, 
as they potentially provide similar features. 
However, unlike vesicles, the current 
nanoparticles lack the potential to promote 
the penetration of the cellular membrane. On 
the other hand, nanoparticles provide 
potential advantages in terms of stability, 
owing to a wider range of material to be 
applied. Therefore nanoparticles are 
considered better candidates for oral 
delivery systems compared to vesicles. 
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