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Abstract

Polysaccharide (PS) based nanoparticles (NP) are of increasing interest in biological and chemical research.
They can circumvent many of the drawbacks of nanomaterials derived from inorganic compounds and
synthetic polymers with respect to toxicity, biodegradability, and sustainability. PS have a huge potential
in this context as abundant bio-resources that can be tailored in their properties by advanced chemical
modification. This commentary provides an introduction into an advancing research field; PS-NP that are
prepared by self-assembling of hydrophobically modified PS derivatives. These PS derivatives are easy to
prepare, can be obtained with a broad variety of functionalities, and possess great application potential in

biomedical areas such as drug delivery and sensing.
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INTRODUCTION

Many nanomaterials are used in commercialized
applications ranging from every-day products to high-
value products. In recent research and application
studies, nanoparticles (NP) are of particular interest.
Characteristic features of NP are their nm-scaled size (1-
1000 nm in one or more dimensions) and their unique
physical, chemical, and/or biological properties that
are significantly different from both the macroscopic
bulk material and the individual molecules [1-3]. NP
can be derived from different materials and by different
bottom-up- and top-down approaches. Inorganic NP,
which are usually considered as “hard” nanomaterials,
are composed of metals, metal oxides, silica, carbon, or
mixtures therefrom [4,5]. Organic NP are considered
as “soft” materials because their particle surface is less
defined by comparison [6]. Various types of synthetic
polymers and oligomers as well as biopolymers (e.g.,
proteins, nucleic acid aggregates, polysaccharides/PS)
have been employed to obtain organic NP with tailored
properties [5-7].

NP are intensively studied as materials for advanced
biomedical applications. Due to their size, they can
enter cells and specific organs via different transport
mechanism (e.g. endocytosis), which is a desired
property for drug delivery purposes. Moreover, NP are
investigated as labels for sensing and catch-and-release
applications because they can carry a large density of
functionalities (e.g., dyes, affinity groups, antibodies) due
to their high surface-to-volume-ratio [8,9].

PS based nanomaterials possess significant advantages
over those prepared from synthetic polymers or
inorganic compounds. PS such as cellulose, starch,
dextran, chitosan, and alginate are inherently non-
cytotoxic and biocompatible by nature’s design. Native
PS and many chemically modified PS derivatives are also
biodegradable, which is a sought after trait for NP that
could cause undesired interaction and safety issues when
they persist in nature or within the human body [10].

PS based nanomaterials (i.e., cellulose nanocrystals,
nanofibrilated cellulose) can be prepared in top-down
approaches by chemical and/or mechanical treatment
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of PS biomass [11,12]. Frequently employed bottom-
up methods towards PS-NP include the directed
chemical or electrostatic cross-linking of hydrophilic
PS (or chemically modified PS derivatives) [13-15].
Moreover, hybrid nanomaterials can be assembled
by coating NP cores with an outer PS layer [16,17].
A viable and facile approach that received increasing
interest in recent years is the self-assembling of PS
derivatives into spherical NP with specific common
features (Figure 1) [18].

SELF-ASSEMBLING OF POLYSACCHARIDE
DERIVATIVES INTO NANOPARTICLES

Native PS are hydrophilic compounds due to the
abundancy of hydroxyl group as well as in some cases
amino-, carboxyl-, and sulfate groups. However, the
properties of these biopolymers can be tailored by
chemical modification with a vast variety of substituents
[25]. Of particular interest in the context of PS-NP are
short chain (e.g., acetate, propionate, butyrate) and long
chain carbocyclic acid esters (e.g., decanoate, laurate,
stearate) as well as ethers like ethyl- and trimethylsilyl
ethers. With increasing degree of substitution (DS), the PS
derivatives become increasingly amphiphilic and finally

hydrophobic, which renders the compounds soluble in
dipolar aprotic solvents (e.g., dimethyl sulfoxide, N,N-
dimethyl acetamide) and even in non-polar solvents
like tetrahydrofuran and chloroform. At the same time,
the PS derivatives no longer dissolve or swell in water.
This solubility behavior can be exploited to induce self-
assembling of the hydrophobic PS derivatives into NP
by a controlled displacement of the solvent against the
non-solvent water (“nano-precipitation”), which can
be achieved through a dialysis process [26,27]. The
solubility of the PS-NP is successively decreased, which
results in a self-aggregation of the polymer chains into
spherical NP. A similar effect is achieved by slowly
dropping water into a polymer solution or vice versa the
polymer solution into water [28,29]. Another technique
for the preparation of PS-NP, which uses the same type
of hydrophobic polymers, is based on the ultrasound
assisted formation nano emulsions [30]. Therein, the PS
derivatives are dissolved in a non-polar, water immiscible
solvent like chloroform together with a surfactant and
an o/w-emulsion with nm-sized droplets is formed by
ultra-sonication. After removal of the organic solvent be
evaporation, PS-NP with a rather narrow size distribution
are obtained [19].

adapted from literature [19-24].

Figure 1: Scanning electron microscopy images of nanoparticles prepared by self-assembling of hydrophobic polysaccharide derivatives,
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A broad variety of hydrophobic PS derivatives, most
notably cellulose- and dextran esters and mixed esters
has been employed to prepare PS-NP by self-assembling
[19,21,31,32]. These particles with well-defined spherical
shape possess a size usually in the range of about 100 to
500 nm, depending on the substituent (type, DS), the PS
backbone, and the preparation conditions [18].

APPLICATIONS IN DRUG DELIVERY AND SENSING

It has been proven for several examples that PS-
NP prepared by self-assembling of hydrophobic PS
derivatives can be considered as biocompatible and non-
cytotoxic [33,34]. Moreover, cells take up these particles
(Figure 2), which opens ways for using them for in vitro
or in vivo applications. Drugs can be entrapped physically
within PS-NP. In this case, the release at a specific target
site or cellular compartment is mostly controlled by
diffusion from the hydrophobic particles [35]. Another
approach is the covalent immobilization of drugs on the
PS backbone [36]. Release of the drugs requires cleavage
from the prodrug conjugate, e.g., by hydrolysis at certain
pH-values or the action of specific enzymes, which might
depend on the specific target location within the body.

Stimuli-responsive PS-NP are highly desired in the
context of drug release because they feature a drastic
change in properties (in particular the size) that could
release drugs by specific internal or external triggers
(e.g., irradiation, change of pH-value or temperature)

[37,38]. As an example, dextran acetals can form PS-NP
that are stable at a physiological pH value of 7.4. but
disintegrate under mildly acidic conditions (e.g., found
in tumor tissue, sites of inflammation, endocytic vesicles;
Figure 2) [23, 39]. The therapeutic payload is released
in this process and dextran is liberated, which is non-
cytotoxic and biodegradable.

PS-NP can be modified with dye molecules (UV/Vis,
fluorescent dye etc.) by covalent fixation (either to the
NP forming PS derivative or the PS-NP) or by physical
entrapment during the self-assembling step [34,40,41].
These materials have been employed to study the uptake
of PS-NP within specific tissue or cellular compartments
[33,34]. Moreover; these PS-NP are suited for in vitro sensing
applications if a dye is chosen that is sensitive to specific
conditions (e.g, pH value, concentration of physiological
analytes) [42]. Ideally, a second dye whose optical
properties are not dependent on the respective parameter is
incorporated as an internal reference standard. Due to their
high specific surface area that allows for the immobilization
of dyes and receptor ligands (e.g, antibodies, metal
chelators) in combination with a low non-specific binding
affinity, PS-NP are also of great interest for ex vivo sensing
applications [43]. They can be incorporated into lateral
flow immunoassays as highly sensitive nano labels for the
detection of clinically relevant antigens [41]. Of particular
interest in this context are reactive PS-NP that can easily be
functionalized with different dyes and affinity ligands [8,44].
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Figure 2: (a) Confocal microscopy images of HeLa cells after incubation with rhodamine B labeled nanoparticles derived from
cellulose valproate, adapted from [36]. (b) Degradation profile of nanoparticles derived from dextran acetals (Acdex) with and
without the inhibitor BRP-187, adapted from [23].
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CONCLUSION

PS-NP are readily accessible by self-assembling of
hydrophobically modified PS derivatives. These
nanomaterials can be tailored by using different types
of PS, substituents, and preparation techniques. The
application potential in biomedical areas such as
drug delivery and in vivo/ex vivo sensing has been
demonstrated. Innovations can be expected in this
emerging field through a combination of modern
organic chemistry, PS research, advanced materials
design, and application focused product development.
A big hurdle is the upscaling of the currently employed
lab-scale procedures for particle formation that needs
to be addressed in order to establish commercialized
applications. Novel reactive and/or multifunctional
PS-NP that can be employed for different purposes are
highly desired in this context.
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