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Opportunities and challenges in the techniques used for preparation of
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Abstract: Gelatin nanoparticles have attracted substantial interest as drug delivery vehicle. The presence of many
functional groups in gelatin structure offer several opportunities for cross linking and targeting. However, there has
always been constraints in preparation of stable and mono disperse gelatin nanoparticles avoiding aggregation during
cross-linking; hence, different approaches have been adopted for preparation of stable nanoparticles from gelatin. This
review examines the techniques employed for preparation of gelatin nanoparticles and in particular the advantages and
disadvantages are discussed. Further, this review also presents a direction for future research in circumventing the issue

of crosslinking in gelatin nanoparticles.
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INTRODUCTION

“Gelatin” is derived from latin word “gelatus”, which
means “stiff, frozen”. Frenchman named Denis Papin
(1647-1712) was the first to obtain gelatinous mass by
boiling animal bones (This, 2010). Recently, gelatin, is
the term used for purified proteins obtained from collagen
(Chauhan et al., 2012, Foox and Zilberman, 2015). The
source of collagen is mainly bones and skin of animals.
However, fishes are also used for isolation of gelatin, now
a days (Gomez-Guillén et al., 2011, Karim and Bhat,
2009, Choi and Regenstein, 2000). There are two
different types of gelatin available commercially (type A
& type B). The hydrolysis method determines the type of
gelatin obtained from collagen. For instance, acid
hydrolysis does not affect the amide groups of glutamine
and asparagine, which results in an higher isoelectric
point (IEP), i.e., 7-9 (Type A gelatin) (Patel et al., 2008),
while alkaline hydrolysis forms aspartate and glutamate
from asparagine and glutamine, respectively. Hence
imparting more carboxyl groups, due to which the IEP is
lowered, i.e., 4.5-6.0 (Type B gelatin) (Ninan et al.,
2010).

Gelatin does not dissolve in cold water. However, at
temperature higher than 35-40°C, gelatin dissolves in
water, which is termed as "sol". (Tanaka, 2003). At colder
conditions, gelatin-water system changes into a three
dimensional "gel", induced by intra-molecular hydrogen
bonding, at concentrations >1% (Gao et al., 2014, Parker
and Povey, 2012).

Commercially, gelatin is available in different bloom
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strength (Choi and Regenstein, 2000). Bloom strength is
the weight required in gram to push the surface of a gel
(prepared with 6.67% w/w, developed at 10°C for 16-
18h), 4 mm inward without breaking the surface, using a
cylindrical plunger (0.5 inch in diameter). Bloom strength
is affected by the a- and B-chain components in gelatin,
which depends upon molecular weight of gelatin (Mariod
and Adam, 2013). It is a critical parameter to estimate the
mechanical properties of gelatin based devices.

Gelatin has a versatile range of applications. For instance,
in food industry, gelatin is used as gelling agent and
coating agent (Cheng et al., 2014). Biomedical field has
immense utilization of gelatin in tissue engineering (Olad
and Farshi Azhar, 2014, Chhabra et al., 2014).
Pharmaceutically, gelatin is used in capsules, emulsions,
gels and vaccines (Hoffmann and Reger, 2014, Sovilj et
al., 2013, Pal et al., 2013, Buchweitz et al., 2013, Jamil et
al., 2014, Boks et al., 2007). Because of intuitive
properties, gelatin has gained novel interests in
nanoparticulate drug delivery systems (Azarmi et al.,
2006 , Rajan and Raj, 2013, Azimi et al., 2014, Lu et al.,
2015, Joachim et al., 2014). Nanoparticles have shown
huge promises in delivery systems. Intracellular uptake is
favored because of submicron size compared to larger
carriers (Daear et al., 2015).

Gelatin nanoparticles (GNPs)

Gelatin nanoparticles were explored in 1980s for the first
time (Oppenheim et al., 1978, Victoria and Speiser,
1975). Gelatin nanoparticles offer biodegradability and
biocompatibility, which are important attributes for any
material to be applicable in drug delivery and it's in vivo
application (Panyam and Labhasetwar, 2003, Prow et al.).
Drugs can be loaded inside nanoparticles matrix or
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attached to the surface of nanoparticles. As evident from
the chemical structure of gelatin, it offers many reactive
functional groups, which provides many prospects for
cross linking and surface modification (Balthasar et al.,
2005, Azarmi et al., 2008, Gupta et al., 2014). These
virtuous properties make gelatin nanoparticles attractive
drug delivery systems (Coester et al., 2006, Elzoghby,
2013).

Preparation techniques of GNPs

Various researchers have adopted various techniques, for
preparation of gelatin nanoparticles. All these techniques
have many distinct advantages and disadvantages,
summarized in tablel. Some of the common techniques
are, emulsion/solvent evaporation (Bajpai and Choubey,
2006, Cascone et al., 2002), reverse phase preparation
(Gupta et al., 2004), inverse miniemulsion (Ethirajan et
al., 2008), coacervation (Leo et al., 1997a, Leo et al.,
1997b, Leo et al., 1999, Oppenheim et al., 1978, Victoria
and Speiser, 1975), desolvation (Mohanty and Bohidar,
2003, Vandervoort and Ludwig, 2004, Kaul and Amiji,
2002, Kommareddy and Amiji, 2005, Azarmi et al., 2006,
Coester et al., 2000), and more recently nanoprecipitation
(Lee et al., 2010, Khan and Schneider, 2014, Khan et al.,
2015), which are discussed in detail as follows.

Simple emulsion method

Emulsion method was introduced by Cascone et al.,
(Cascone et al., 2002). The technique rely on
emulsification and homogenization of gelatin aqueous
solution in poly(methylmethacrylate) (PMMA) dissolved
in chloroform/toluene (schematically shown in fig. 1).
The nanoparticles are subsequently cross linked with
glutaraldehyde. The size range reported was 100-200 nm.
However, the size of nanoparticles depend on the
homogenization speed, since the emulsion droplet are
affected by the energy applied for size reduction (Bajpai
and Rajpoot, 2001).

The chemical architecture and behavior of nanoparticles
was found to be affected by the concentration of gelatin
and amount of cross linker used. Moreover the type of
gelatin also influences the loading and release behavior of
nanoparticles, for instance, higher release of drug is
observed when type B gelatin was used(Bajpai and
Choubey, 2005, Bajpai and Choubey, 2006).

The use of PMMA and solvents like chloroform and
toluene are some of the constraint in emulsion technique
(Horowitz et al., 1988). Furthermore, the polydispersity
index (PDI) of the produced nanoparticles was not
reported. Therefore, the stability and reproducibility of
nanoparticles produced by emulsion method could not be
assessed.
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Fig. 1: Schematic representation of gelatin nanoparticles
preparation by simple emulsion technique (Khan, 2014)
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Fig. 2: Schematic representation of gelatin nanoparticles
preparation by reverse phase preparation technique
(Khan, 2014).

Reverse phase preparation technique

This technique rely on formation of reverse micelles of
surfactant bis(2-ethylhexyl sulphosuccinate) in-hexane
(Gupta et al., 2004). Gelatin solution is confined in the
aqueous core of reverse micelles. Subsequent cross
linking of gelatin converts the aqueous phase to gelatin
nanoparticles, schematically shown in figure 2. This
technique may offer good loading efficiency of
hydrophilic drugs, since there will be minimal distribution
of drug to the nonpolar external medium. Besides, the
small size of particles produced, i.e., around 40 nm, is
distinct advantage of this technique. Nevertheless,
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removal of n-hexane and surfactant AOT is a serious
challenge, since harsh washing steps affect the size and
morphology of particle (Janes et al., 2001). Though, in
one report calcium chloride solution was used to
precipitate AOT from nanoparticles suspension as
calcium diethylhexyl sulphosuccinate (Ca(DEHSS),)
(Banerjee et al., 2002). However, the precipitating cake

may contain nanoparticles, hence decreasing the
nanoparticle yield.
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Fig. 3: Schematic representation of gelatin nanoparticles
preparation by inverse miniemulsion technique (Khan,
2014).
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Fig. 4: Schematic representation of gelatin nanoparticles
preparation by coacervation technique (Khan, 2014).
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Inverse miniemulsion technique

According to this technique, gelatin aqueous solution and
glutaraldehyde aqueous solution is emulsified in p-Xylene
(i.e. emulsions A and B). Miniemulsions are formed by
sonication, which hare subsequently mixed to fuse the
droplets using sonication in an ice bath to produce cross
linked gelatin nanoparticles, as shown schematically in
fig. 3. The principle of nanoparticles formation by inverse
miniemulsion and fission phenomena (Landfester, 2001,
Ethirajan et al., 2008, Sarika et al., 2015). This technique
may also offer good loading for hydrophilic drugs, since
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the continuous phase is a nonpolar solvent. However, this
technique yield nanoparticles with higher polydispersity,
which may not be desired in many cases where
reproducibility is critical. Moreover, repeated sonication
may also negatively affect some of the loaded drugs such
as proteins or peptides. Besides, removal of p-Xylene
requires extensive washing of nanoparticles (hence,
affecting the size, morphology and loading efficiency) are
some of the main disadvantages of inverse miniemulsion
procedure.

Coacervation technique

This technique is based on addition of coacervating agent
to the gelatin solution (Oppenheim et al., 1978).
Coacervating agent separates the system to two liquid-
liquid phases, i.e., coacervate phase and solvent phase.
The coacervate phase is gelatin rich dense phase.
Typically, coacervating agent dehydrates gelatin
molecules. The gelatin molecules in tern tend to roll up as
nanoparticles (Leo et al., 1997a, Victoria and Speiser,
1975), as shown in fig. 4. The nanoparticles are cross
linked with glutaraldehyde. Nevertheless, GNPs by
sodium sulfate induced coacervation have higher
polydispersity and larger sizes because of aggregation
(Leo et al., 1997b, Leo et al., 1999). The aggregation
process could not be prevented by using tween 20 as
stabilizer (Oppenheim, 1981).

Desolvation technique

Desolvating agent (e.g., alcohol) is added to gelatin
aqueous solution at controlled pH under continuous
stirring. Typically nanoparticles are produced when
composition of solutions changes to 65% hydro-alcoholic
solution (Mohanty and Bohidar, 2003, Gupta et al., 2006,
Mohanty et al, 2005, Mohanty et al, 2006).
Nanoparticles are crosslinked using glyoxal (Kaul and
Amiji, 2005b) or glutaraldehyde (Vandervoort and
Ludwig, 2004). Nanoparticles produced by desolvation
are in the range of 200-500nm (Kaul and Amiji, 2002,
Kaul and Amiji, 2004, Kaul and Amiji, 2005b, Kaul and
Amiji, 2005a, Kommareddy and Amiji, 2005,
Kommareddy and Amiji, 2007b, Kommareddy and Amiji,
2007a, Vandervoort and Ludwig, 2004, Ofokansi et al.,
2010). However, polydispersity and colloidal stability are
serious issues in the nanoparticles produced by
desolvation technique (Coester et al., 2000). Besides, a
slight excess of ethanol may induce complete phase
separation, which challenges the reproducibility
(Zwiorek, 2007). Desolvation of gelatin aqueous solution
can be influenced by many factors, e.g., temperature, pH,
composition of ethanol and molecular weight of gelatin
(Farrugia and Groves, 1999). The ethanol induced
aggregation process is exclusively investigated by
Mohanty et al (Mohanty et al., 2005, Mohanty and
Bohidar, 2003, Mohanty et al., 2006).

The stability issues in conventional desolvation was
addressed by Coester et al. in 2000 (Coester et al., 2000).
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Table 1: Advantages and disadvantages of different preparation techniques for gelatin nanoparticles (Khan, 2014)

Preparation Method Size (nm) | Positive aspects Negative aspects Reference
Agglomeration, ...
Desolvation 200-500 | Simple procedure Polydispersity and stability (2138;; and Amiji,
issues.
Narrow pH range,
Two step desolvation 100-300 | Homogeneous size | Specific molecular weight (Coester et al., 2000,
. Lee et al., 2013)
requirement.
Emul./solvent Difficult procedure of
e 100-200 Homogeneous size | washing for nanoparticles (Cascone et al., 2002)
evaporation . .
isolation
Reverse .phase 40 Small size Nanoparticles isolation (Gupta et al., 2004)
preparation
.. . No special gelatin | High polydispersity and (Ethirajan et al.,
Inverse miniemulsion 150-200 needed difficult procedure 2008)
s Simple and straight | High amount of surfactant (Khan and Schneider,
Nanoprecipitation 200-350 forward procedure | needed. 2013a)

In this context, two-step desolvation technique was
introduced. In two-step desolvation technique the low
molecular weight portion of gelatin is discarded in first
desolvation step. The high molecular weight portion
(precipitate) is dissolved in water, pH is adjusted farther
from isoelectric point and subsequently re-desolvated
using acetone. Two step desolvation is the most common
techniques for preparation of GNPs (Zwiorek, 2007,
Azarmi et al., 2006 , Zillies, 2007, Narayanan ef al., 2013,
Karthikeyan et al., 2013, Khan and Schneider, 2013b,
Karthikeyan et al., 2015, Hamarat Sanlier et al., 2015,
Fuchs, 2010). It yields particles in the size range of 100-
300 nm. However, this technique requires a narrow pH
range before the second desolvation step i.e., 2.3 to 4.0.
Since type A gelatin was employed in this technique,
therefore, the aforementioned pH values are quite far
from isoelectric point (IEP), i.e., pH 7-9 for gelatin type
A. pH values far from IEP is strict requirement of two
step desolvation, because the net charge on gelatin is
dependent on solution pH. Conditions where pH was
adjusted above 4.0 lead to aggregation and precipitation,
because at this pH the positive charge on gelatin is weaker
to induce inter-particle repulsion. Therefore, severe acidic
conditions are critical for production of homogeneous
small size particles (Zwiorek, 2007). This makes it
unrealistic in conditions where low pH can negatively
affect the activity of drugs, such as proteins (Khan and
Schneider, 2013D).

Besides, the temperature, cross linker amount, and speed
of acetone addition are important factors affecting
nanoparticles size and homogeneity (Zwiorek, 2007). For
instance, Temperature before first desolvation step
induced significant change in size and polydispersity of
nanoparticles. More specifically, gelatin solutions with
35°C and 60°C before first desolvation step yielded larger
but monodisperse particles. However, temperature before
second desolvation did not affect the resulting particles

significantly (Zwiorek, 2007). With regards to crosslinker
amount, the size of nanoparticles is inversely related to
crosslinker amount, i.e., smaller sizes are produced with
higher crosslinker amount (Zwiorek, Cascone et al.,
2002). Moreover, rate of acetone additions before second
desolvation is not decisive upto SmL/min. However,
above this limit, particles tend to aggregate. Thus the size
and polydispersity increases substantially (Zwiorek et al.,
2004).

Farrugia & Groves reported that higher fraction of the
high molecular weight fraction is necessary for formation
of GNPs in single desolvation step (Farrugia and Groves,
1999). However, Zillies et al., (Zillies, 2007) negated this
assumption. They thoroughly investigated different
fractions of gelatin after each desolvation step, using
Asymmetrical Flow Field Flow Fractionation (AF4) and
Multi Angle Light Scattering (MALS). It was found that
gelatin containing large quantity of high molecular weight
component (higher than 104 kDa) could not produce
nanoparticles by single desolvation. Rather decrease in
very low molecular weight components (lower than 65
kDa) is important for homogeneity and stability of GNPs
(Zillies, 2007, Zwiorek, 2007). More specifically, gelatin
nanoparticles can be formed by single desolvation, if the
gelatin used contain less than 20% (w/w) of low
molecular weight peptides (lower than 65 kDa). Thus, the
unavoidable first desolvation step, if ordinary gelatin is
used, may compromise the nanoparticles yield.
Nevertheless, two-step desolvation yields homogeneous
gelatin nanoparticles. For this reason it is the most widely
employed technique for gelatin nanoparticles preparation.

Nanoprecipitation technique

With the intention to produce gelatin nanoparticles
without pretreatment of gelatin bulk material, such as
changing the native pH of gelatin solution or discarding
low molecular weight fraction, Nanoprecipitation
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technique was introduced (Lee et al., 2010, Lee et al.,
2012). Nanoprecipitation can be done with two miscible
solvents, i.e., solvent and nonsolvent. Polymer is
dissolved in solvent and is precipitated in the nonsolvent.
Typically, gelatin dissolved in water is added drop wise
into ethanol containing stabilizer. The turbulence
generated due to diffusion of solvent cause a violent
dispersion of solvent phase in nonsolvent, since both are
miscible. Consequently, droplets of nano-size are formed
from the interface (Rodriguez et al., 2004, Fessi et al.,
1989, Guerrero et al., 1998, Khan and Schneider, 2013b).
Gelatin molecule present in these droplets aggregate to
form nanoparticles stabilized by poloxamer present as
stabilizer, schematically shown in fig. 5. Glutaraldehyde
is added to obtain stable cross linked nanoparticles (Khan,
2014).
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Fig. 5: Schematic representation of gelatin nanoparticles
preparation by nanoprecipitation technique (Khan, 2014).

Tunable size of gelatin nanoparticles without changing
the intuitive attributes of gelatin is one of the advantage
which nanoprecipitation technique offers. However,
poloxamer concentration as high as 7% w/v is required
for stability of nanoparticles during cross linking.
Besides, several other parameters in the nanoparticles
preparation process, such as type of stabilizer, nonsolvent
type and gelatin concentration are critical for size,
homogeneity and colloidal stability of GNPs (Khan and
Schneider, 2013a).

Viewpoint and outlook for future work

Gelatin nanoparticles have extensively been investigated
as a promising nanocarrier for many drugs. In order to
improve mechanical stability and drug release from
gelatin nanoparticles, cross linking has always been a
mandatory step. However, the generalized reaction of
cross linkers with proteins is a critical challenge in
application of gelatin particles for the delivery of arbitrary
biologicals. Since cross linker not only cross links gelatin
but also therapeutic peptides and proteins. Consequently,
leading to biological inactivity of proteinaceous drugs.
For this reason, alternative approaches need to be sought,
in order to circumvent the issue of cross linking. One step
in this direction was our study where the structural
integrity of GNPs was kept intact by entrapping them in
Eudragit” E 100 nanospheres (Khan and Schneider,
2014). For this purpose, nanoprecipitation-emulsion
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solvent evaporation hybrid technique was employed. The
system provides a good opportunity for stabilization of
gelatin nanoparticles. However, the efforts are required to
make the system more biocompatible by using
biodegradable polymers.
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