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Abstract

The use of Solid Lipid Nanoparticles (SLN) has become a very popular approach in the development of innovative pharmaceutical
drug delivery systems. The first step is the assessment the lipids’ suitability. This paper is focused on the physicochemical
characterization of lipids, namely cetyl alcohol and cetearyl alcohol, for the production of SLN. The bulk lipids were analyzed by
Differential Scanning Calorimetry (DSC) and Wide Angle X-ray Diffraction (WAXD) without any treatment, after tempering the
raw materials (bulk lipid) for 1 hour at 80 °C, and after their spray-drying process. Hydrophilic-Lipophilic Balance (HLB) values
were determined using a combination of surfactants (polysorbate 20 and trioleate sorbitan) for the production of the hot o/w
emulsion. Results of DSC and WAXD showed that after the thermal stress applied to the bulk lipids, both the melting point
and the intensity of the refractogram peaks have decreased. Cetyl alcohol and cetearyl alcohol crystallized in more unstable
polymorphic forms, which anticipate the suitability of these lipids for the production of SLN. The best HLB values obtained for the
produced emulsions were 15.5, 16.0, and 16.7, combining accepted surfactants. The results showed that both cetearyl alcohol
and cetyl alcohol are adequate lipids for the development of stable SLN.
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Introduction

Solid Lipid Nanoparticles (SLN) are receiving great
attention as pharmaceutical and cosmetic delivery
systems. This fact is due to the production facilities and
scale-up, regulatory acceptance of the raw materials [1-
3], and marketing potential [4]. SLN may increase the
bioavailability of drugs, reduce the risk of toxic effects,
and promote sustained release [2,3,5].

The use of SLN as carriers for drugs for topical
administration has been highlighted due to advantages
over chemical degradation protection of the formulation
of the active, hydration (occlusion of the stratum
corneum) and enhanced penetration of drugs in the
different layers, and promote the sustained release with
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reduced systemic absorption and possess properties of
photoprotection against UV light [6-10].

When applied onto the skin, SLN adhere to the skin’
surface, therefore are expected to prolong the contact
time of the drug with the skin and enhance drug’s
permeation [11]. SLN can be produced from lipids as
triglycerides and their mixtures, fatty acids, and waxes
[12-14].

Polymorphism is a phenomenon that can be
demonstrated in lipids after the fusion process,
recrystallization or in the production process [15]. It can
lead to changes in pharmaceuticals compromising the
drug stability, effectiveness and bioavailability [16]. The
polymorphic changes can result in the impairment of
the effect in vivo, defined as the presence of the same
substance in different crystalline forms. Polymorphic
characteristicsinfluence the physicochemical properties.
Under defined conditions of temperature and pressure,
only one of the polymorphic is stable, other forms called
metastable [17].

Polymorphism and crystallinity of the lipid raw-
materials influence the drug’s encapsulation efficiency
in SLN, as well as the drug retention in the lipid matrix
during storage time [18]. Indeed, the drug may be
expelled from the particle upon polymorphic transition
from the form a (less stable) to the B form (more
stable), an event that can easily take place during shelf-
life of drug-loaded SLN [19]. When developing SLN,
it is desirable to obtain particles with a less perfect
matrix, to be able to load the drug molecules between
lipid chains and imperfections of crystals [16,20].
However, the long-term stability of these less perfect
matrices may be compromised if recrystallization
occurs unpredictably. Depending on the type of lipids
and production method, super-cooled melts, which are
similar to o/w emulsions, may be obtained when the
lipids remain in the liquid state dispersed in the aqueous
phase, creating heterogeneous systems. These systems
result from delayed recrystallization of the lipid [21].

The aim of this study was to evaluate the
polymorphism and crystallinity of cetyl and cetearyl
alcohol after melting the raw materials by tempering for
1 h at 80 °C, as well as their analysis after spray-drying
process. The Hydrophilic-Lipophilic Balance (HLB) value
for lipids was determined to reach the best combination
of surfactants (trioleate sorbitan and polysorbate 20) to
obtain a stable emulsion during SLN production.

Material and Methods

Materials

Polysorbate 20 (Tween® 20) and ethanol were

purchased from Synth (Diadema/SP, Brazil). Trioleate
sorbitan (Span® 85), cetearyl alcohol (Crodacol® CS90)
and cetyl alcohol (Crodacol® C90) were donated by
Croda (Campinas/SP, Brazil). Double distilled water
was used after filtration in a Millipore system (home
supplied).

Methods

Thermal treatment of lipid materials: Lipids were
subject to melting. The melting consisted of heating
the sample up to 80 °C in a thermostatic water bath
(Marconi, model MA 127/BD, Piracicaba/Brazil),
following tempering by incubating the sample in the
same bath for 1 h at 80 °C. Samples were then kept
at room temperature until complete cooling and
solidification, to check for the creation of polymorphic
forms [18]. Then, the lipids were analyzed by Differential
Scanning Calorimetry (DSC) and Wide Angle X-ray
Diffraction (WAXD).

Spray-drying process: Lipids were solubilized in
pure ethanol (1% m/v) at 30 °C under magnetic stirring
(Tecnal-80 TE, Piracicaba/Brazil). A spray-dryer LM
MSD 1.0 (Ribeirdo Preto/Brazil) was used applying the
following parameters: Feed rate of 14.1 mL/min, air flow
15 |/min, nozzle atomizer 1 mm air inlet temperature
of 90 = 5 °C; and temperature air outlet 50 £ 5 °C [22].
After the process, the samples were analyzed by DSC
and WAXS.

Differential Scanning Calorimetry (DSC): Thermal
behavior of lipid matrices was assessed by DSC
(Shimadzu, DSC-60/60, Japan). A volume of sample
containing approximately 5-10 mg of lipid mass was
weighted in an aluminum pan and sealed hermetically,
under inert atmosphere (N,), 45 ml/min. The analysis
was performed at a heating and cooling rate of 5 K/
min, using an empty pan as reference. The samples
were heated from 10 °C up to 100 °C, following cooling
down to 10 °C. Through the product software, the
initial melting and crystallization temperatures (onset
temperatures), the temperatures of endothermic and
exothermic peaks, the final melting temperatures and
crystallization temperatures (end set temperatures)
and phase transition enthalpies (AH J.g?) have been
obtained [18].

Wide Angle X-ray diffraction (WAXD): To study the
polymorphism and crystalline properties of the lipids,
WAXD was carried out in a diffractometer X-ray (Philips,
model X"1pert, Pennsylvania, USA), using copper anode.
WAXD measurements were taken from 5° to 40° in
0.015° steps (1 s per step). The interlayer spacing’s
were calculated from the reflections using the Bragg’s
equation:
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Table 1: HLB values obtained for different blends of surfactant combinations for 5 emulsions.

Emulsion Oil Phase” (g) Aqueous phase HLB
Polysorbate 20 (g) Sorbitan monolaurate (g) Water (mL)
1 2 0.15 0.85 17 14.7
2 2 0.12 0.88 17 15.0
3 2 0.09 0.91 17 15.5
4 2 0.05 0.95 17 16.0
5 2 - 1.00 17 16.7
*Oil phase: Cetearyl alcohol or cetyl alcohol.
- @

=
./ g
/

W

TV

20 30 40 50 60
Temp [C]

(A)

®)

20 30 40 50 60
Temp [C]

(B)

Figure 1: DSC thermograms of the melting (A) and crystallization (B) profiles recorded for cetyl alcohol of the samples submitted to
tempering (a) and to spray-dry (b), in comparison to those without thermal treatment (c).

A
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where A (A = 0.154056 nm) is the wavelength of the
incident X-ray beam and 8 is the scattering angle. The
parameter d, otherwise called the interlayer spacing, is
the separation between a particular set of planes of the
crystal lattice structure. Data of the scattered radiation
were recorded with a blend local-sensible detector
using an anode voltage of 40 kV, a current of 25 mA and
a scan rate of 0.5° per min. The samples were mounted
on a thin glass capillary being fastened to a brass pin
without any previous sample treatment [18].

Assessment of Hydrophilic-Lipophilic Balance
(HLB): For the assessment of the Hydrophilic-Lipophilic
Balance (HLB), a series of 5 emulsions employing a
combination of surfactant and co-surfactant with
known HLB, to originate distinct HLB values [23] (Table
1). The aqueous phase consisted of water (95%, v/v)
and surfactant (5% w/v). Trioleate sorbitan oleate (HLB
= 1.8) and polysorbate 20 (HLB = 16.7) were used as
surfactants. The oil phase consisted of cetearyl alcohol
or cetyl alcohol (10% m/v). Then, the aqueous phase
and oil phase were heated separately up to 80 °C using
a thermostatic water bath (Marconi, model MA 127/BD,
Piracicaba/Brazil). Aqueous phase was added to the oil
phase under stirring (Ultra-Turrax® T25, USA), 10,000
rpm for 15 min. Then, the emulsions were cooled down

to room temperature during 15 min under mechanical
stirring (Tecnal TE 039/1, Piracicaba/Brazil). The
emulsions were stored for 24 h at room temperature
for further visual and optical microscopic analyses
(Reichert-Jung, Series 150, Austria). The physical stability
of the emulsions was evaluated by visual examination
by phase separation or creamming.

Results

Cetyl and cetearyl alcohol were characterized before
and after tempering and spray-drying treatment.
Tempering was performed to mimic the production
process carried out for SLN production using heat
process [18]. Then, the spray dried was used to study
the effect on their polymorphic and crystallization
properties of lipid [24,25]. The characterization was
done by DSC and WAXD [18,26-29]. DSC and WAXD
were applied to the study of lipid matrices because of
their complementarity data provision.

Figure 1 and Figure 2 show the thermograms of
cetyl alcohol and cetearyl alcohol lipids after and before
treatment. The melting temperature of cetyl alcohol
untreatment was recorded at 50.81 °C, the onset and
endset temperatures were 45.79 °C and 56.44 °C,
respectively, and the heat capacity -255.41 J.g*. Similar
results have been reported elsewhere [30,31]. During
the cooling process, 2 peaks were present with melting
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Figure 2: DSC thermograms of melting (A) and crystallization (B) profiles recorded for cetearyl alcohol of the samples submitted to
tempering (a) and to spray-dry (b), in comparison to those without thermal treatment (c).
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Figure 3: WAXD analysis of untreated cetyl alcohol (A), untreated cetearyl alcohol (B), cetyl alcohol after tempering for 1 hour at 80 °C (C),
cetearyl alcohol after tempering for 1 hour at 80 °C (D), cetyl alcohol after spray-drying (E), and of cetearyl alcohol after spray-drying (F).

temperature at 38.49 °C and 44.51 °C, respectively. The
presence of two peaks during cooling demonstrated the
presence of two polymorphs of the lipid.

Cetearyl alcohol untreatment showed 2 melting
peaks, the first started at 34.54 °C and finished at 48.58
°C, the melting point was 43.76 °C, and the heat capacity
was -54.84 ).g'. The second peak started at 49.72 °C and
finished at 58.24 °C, the melting point was 53.89 °C and
the heat capacity was -115.83 J.g. The cooling peak
occurred in the crystallization temperature 47.95 °C and
26.96 °C. After the tempering, cetyl alcohol showed a
melting point at 49.49 °C, with the onset at 41.42 °C and
the endset at 49.49 °C. The heat flow was -204.42 J.g.
In the cooling curve two peaks were recorded at 44.45

°Cand 38.34 °C, respectively. The first peak started at 29.99
°C and finished at 42.71 °C with melting point in 37.71 °C
and heat flow in -56.25 J.g*. The second peak started at
45.40 °C and finished at 56.74 °C. The melting point was
52.98 °C and the flow rate was -118.04 J.g. The 2 cooling
peaks occurred at the crystallization temperatures of
48.08 °C and 26.16 °C, respectively.

The WAXD features the crystal structure and/or
polymorphic materials, identifying the interactions
between the incident x-ray beam and the electrons of
the component atoms in the sample to be analyzed
by detecting the diffracted photons. Cetyl alcohol and
cetearyl alcohol were performed by WAXD analysis
(Figure 3).
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The WAXD patterns show that after tempering
cetyl alcohol and cetearyl alcohol, the intensity of the
peaks was reduced. No defined width was observed
after treatment. From the WAXD analysis, cetyl alcohol
depicted two distinct polymorphic forms, whereas only
one form was observed by DSC analysis, giving the
similar melting points of both polymorphs.

The small difference of diffractograms is observed in
interlayer spacings. Cetyl alcohol showed 21.75 (28) i.e.
d =0.223 nm, and 24.68 (26) i.e. d = 1.31 nm without
process; 21.36 (26) i.e. d = 0 227 nm and 24.17 (26)
i.e. d = 0.2062 nm before tempering. Cetearyl alcohol

showed 21.33 (26) i.e. d = 0.227 nm, and 24.12 (20) i.e.
d =0.206 nm untreatment; 21.41 (26) i.e. d = 0.226 nm
and 24.17 (26) i.e. d = 0.2062 nm before tempering. In
WAXD analysis, the peak was kept but with decreased
intensity, results that are in agreement with those
obtained for DSC. The stable form B decreased after
spray drying treatment.

Figure 4 shows the HLB values obtained for stable
emulsions produced from cetyl alcohol and cetearyl
alcohol.

Figure 5 shows the results of the optical microscopic
analyses (100-fold increase) from cetyl alcohol and

PHASESEPARATION (%)

& 5 @ @
_
_ |
_

HLBVALUES CETYLALOOHOL

(A)

at room temperature.

Figure 4: HLB values obtained for stable emulsions produced from cetyl alcohol and cetearyl alcohol, recorded after 24 hours of storage
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Figure 5: Optical microscopy analyses of cetyl alcohol and cetearyl alcohol emulsions with HLB of 15.5 (magnitude 100x).
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cetearyl alcohol emulsions with HLB 15.5. A smooth and
homogeneous structure was observed.

Discussion

A variety of production methods are used to
develop SLN. The main method is the High-Pressure
Homogenization because it is easy to scale up and it
has been used for a long time to produce emulsions
for parenteral nutrition [32]. With this methodology,
it is possible to control the mean diameter and the
polydispersity index of SLN, avoiding the use of organic
solvents [33]. The employment of high temperatures in
this method can modify the crystal structures of lipids,
causing differences in formulation after solidification
compared to the material previously studied [34].

The International Conference on Harmonization
(ICH) of Technical Requirements for Registration
of Pharmaceuticals for Human Use, composed of
representatives of the European Union, Japan, the
United States and representatives of the pharmaceutical
industry, establishes the protocols for quality control
of pharmaceutical ingredients, published as guides or
laws in several countries. The guide published by the
American agency Food and Drug Administration (FDA),
establishes the criteria for the characterization of the
polymorphic form and level of criticality on the final
product. The techniques listed this characterization are
WAXD, DSC, microscopy and spectroscopy [35].

Lipids suffer polymorphism, thereby it has ability to
solidify in different crystalline forms, with significant
physical and chemical changes in form, solubility,
melting point and crystallization. Amorphous matrix
showed disordered arrangements of molecules,
favoring the high loading of the drug. In the crystalline
matrix, the crystals form organized arrangements of
molecules with fixed repeating array built of unit cells
[34]. Standard WAXD may identify polymorphs. Long
spaces provide information about the distance between
the crystal planes (chain length), while the short
spacing’s provide information about the structure of the
sub-cell (distance between chains). Lipids widely used
in the production of SLN and NLC are typical examples
of molecules that commonly present three distinct and
important polymorphic forms, a and B" or a, B and B
respectively, according to the structure of the subcell.
The a form (hexagonal) is the least stable, with lower
melting point and latent heat. The form B (tricyclic) is
more stable with higher melting point and higher latent
heat. The transformation of a to B* (orthorhombic) and
B this to occur in this order and are irreversible [36]. It
is fundamental to know the physical form of the crystal
habitat of lipids to produce stable SLN.

Cetyl alcohol and cetearyl alcohol are biocompatible

lipids and of Generally Regarded as Safe (GRAS) status.
They have been used as raw materials for the production
of SLN [31,37], o/w emulsions [38] and microparticles
[39]. Cetyl alcohol is produced from vegetable oils
coconut or palm kernel. It is characterized as an alcohol
with functional group OH (hydrophilic) and long chain
with 16 carbons (lipophilic). Cetearyl alcohol consisting
predominantly of cetyl and stearyl alcohols mixture, and
it is classified as a fatty alcohol composed CH,(CH,) OH;
n = variable, typically 15-17.

The differences between the melting and the onset
temperatures of cetyl alcohol before (10.65 °C) and
after tempering (8.07 °C) are slower after the tempering
process. These values suggesting changes from a more
unstable polymorphic form. According to the chemical
nature of the lipid, there may be modifications in the
fractions of the polymorphs present in the composition
of the nanoparticles, which leads to the reduction,
displacement or change in the melting temperature of
the system.

For cetearyl alcohol, the first peak was recorded
at 14.04 °C and 8.52 °C before and after tempering,
respectively, while the second peak was obtained at 8.52
°Cand 11.34 °Chbefore and after tempering, respectively.
It is known that the melting peak of the lipid occurs
between the onset and endset temperatures, and
the greater the difference between onset and endset,
the greater the disorder of the crystals. Cetyl alcohol
depicted a short difference between onset and endset
temperatures, therefore suggesting a decrease of the
crystalline arrangements. Cetearyl alcohol showed the
presence of two peaks, where the decrease of the first
peak and increase of the second peak was attributed to
the mixture of cetyl and stearyl alcohols existing in this
lipid arranged in different form [40].

After tempering, the onset temperature decreased
for both lipids. These informations suggest the presence
of B/Bi caused by the thermal stress in the lipid [16].

The tempering process of cetyl alcohol decreased
the melting enthalpy in 20% (255.41 to 204.42 ).g?),
indicating significant disruptions in the microstructure.
After tempering, the energy was lower, and the
lipid changed from a more stable to a more unstable
polymorphic form. Cetaryl alcohol did not show a
significant difference on the enthalpy. However, in both
lipids, the peaks were maintained after tempering, but
theintensity of peaks was lower after tempering. This fact
suggests lower crystallization when compared without
treatment. Tempering affected the recrystallization
of lipids. However, these results are agreement with
polymorphism existing in the lipids [41].

Crystallinity is a property of lipids, and this has been
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studied before and after tempering the bulk materials
for 1 h at 80 °C. The peaks observed in lipids are in B’
form, identified by the spacings between 0.42-0.43 nm
and 0.37-0.40 nm. Comparing the results obtained by
DSC and WAXD it is possible to see that after tempering,
the decrease of the melting point and intensity of
WAXD peaks demonstrated the presence of a less
stable crystalline lipid. These demonstrates agreement
between the DSC and WAXD results, confirming that
after tempering the peak of B’/ increases.

It is important to realize that the three-dimensional
organization that acquires lipid matrix during
solidification depends on the cooling rate of lipids and
their composition. It is a very important factor for the
loading of the drug molecules in SLN. When the cooling
rate is slow, the hydrocarbon chains of lipids can be
rearranged in a more ordered and stable form. This
study was carried out at temperature. On the contrary,
when the cooling rate is high, the solidification of the
matrix also occurs rapidly, rearranging into a more
unstable polymorphic form. Thus, the preparation of
SLN by hot High-pressure homogenization follow high
cooling rate, the newly formed particles acquire the
polymorphic form B preferentially. Concerning the lipid
composition, the matrices having a high content of
diglycerides crystallize in the metastable polymorphic
form B’ [12,36].

Studies have used the spray drying technique as a
scalable method in the bulk preparation of a dried lipid
for secondary liposome production [22]. Spray drying
technique was used to turn the lipid more amorphous
i.e. less crystalline to produce stable SLN with more
capacity to load drug molecules.

Spray drying process was used to evaluate the ability
to maintain amorphous lipid matrix and possibly be able
to provide a disorganized matrix to encapsulate high
guantity of drug. The amorphous process upon thermal
stress of cetyl alcohol and cetearyl alcohol, showing the
decreasing of the difference between onset and endset.
Before spray-drying, for cetyl alcohol one peak has been
recorded at 10.65 °C, whereas for cetearyl alcohol two
peaks have been recorded at 14.04 °C and 11.34 °C,
respectively. After spray drying, for cetyl alcohol the
peak was at 6.56 °C, and for cetearyl alcohol the two
peaks were shifted to 10.28 °Cand 8.60 °C suggesting the
formation of an amorphous arrangements of molecules.

The thermodynamic stability of the SLN and the
degree of lipid packing increases, while the loading
of drug molecules decreases in the following order:
polymorphic form a, B” and B [42]. In general, the lipid
molecules have a higher mobility when in the most
thermodynamically unstable configurations such as,

for example, the polymorph a. For this reason, these
configurations have a lower degree of lipid packing, the
greater the ability to load drug molecules. Therefore,
for the preparation of SLN with high load capacity, in
particular, for hydrophilic drugs, the lipid will crystallize
preferentially the more unstable polymorphic form, i.e.
in the a form, which must be maintained during storage
[43-45].

In the crystalline matrix, the crystals form organized
arrangements of molecules with fixed repeating array
built of unit cells [41]. Standard WAXD may identify
These polymorphs. The WAXS profile for cetyl alcohol
are shown in Figure 3A, Figure 3C and Figure 3E and
correspond to untreated lipid, after tempering, and
after spray-drying, respectively.

The diffraction patterns of sample (A) display non-
equidistant reflections (peaks X and Y) in comparison to
sample (A) and (E). The scattering angle ranging between
5.0°and 18°(26) and these peaks are indicative of a non-
periodic lamellar arrangement within the lipid structure
suggesting tempering process influence polymorphism
of lipid. Therefore, in all samples of cetyl alcohol a
difference in width and intensity of peaks was observed.
Sample (A) shows one reflection at Bragg spacing values
of 0.585 nm, 21.72 (26). After tempering (C) and spray-
drying (E) Bragg’s spacing values of 0.280 nm and 0.424
nm were observed, which is indicative of the presence
of B° polymorphic modification with the characteristic
spacings between 0.42-0.43 nm and 0.37-0.40 nm.

Results also showed that samples B, D and F,
prepared with Cetearyl alcohol without tempering, after
tempering, and after dried spried process, respectively,
different width of the peaks and the intensity. It is
observed that presence of characteristic peaks for all,
however there is a significant increase of intensity when
compared with the untreated sample.

The WAXS profile for cetearyl alcohol are shown
in Figure 3B, Figure 3D and Figure 3F and correspond
to untreated lipid, after tempering, and after spray-
drying, respectively. Differences in the peaks width and
intensity have been observed between the samples.
Characteristic peaks occurring in the same temperature
have been recorded but with a significant increase of
the intensity when compared to the sample without
treatment.

In all samples without treatment, a minor intensity
peak was recorded, which suggests the formation of
more crystallinity polymorphs. This condition translates
a higher thermodynamic stability of the system.

Long-term stability of emulsions, surfactants are
adsorbed at the interface o/w to form a film, which
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decreases the surface tension [46]. The stability of the
pre-emulsions after 24 hours were obtained with HLB
of 15.5; 16.0 e 16.7 assessed for the two lipids. These
values were consistent with the data obtained by
manufacturers. The formulations with HLB de 14.1 and
15.0 showed separated phase. It is therefore desirable
to operate with a surfactant composition of polysorbate
20 and trioleate sorbitan of HLB around 15.5 for the
production of stable and homogeneous SLN.

The numbers corresponding to the HLB of some
products are obtained from the literature. Lipids shows
HLB between 6 and 17. The development of stable
emulsion systems significantly because it is important
and a useful, easy and practical methodology to forecast
a stable SLN production.

Conclusions

DSC and WAXD are valuable tools to assess the
presence of polymorphs in fatty alcohol crystals. Cetyl
and cetearyl alcohol suffer polymorphic modification
with tempering and spray dried process. Polymorphic
structure of lipid suggesting a more unstable form
being good options for loading drugs in SLN. Indeed,
the high amount of B and B’ decreased after tempering
and spray drying process, changing the thermodynamic
stability and favoring the loading of drugs in SLN. Also,
the HLB allowed the selection of the best combination
of surfactants, for the development of homogeneous
and stable emulsions. The stable emulsion was obtained
with a suitable mixture of polysorbato 20 and trioleate
sorbitan with the best HLB values were 15.5, 16.0, and
16.7. The results showed that both cetearyl alcohol and
cetyl alcohol promising to development SLN stable for
drug delivery because produced a disorganized matrix
able to be loading high amount of drug.
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