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Abstract This study focuses on the physicochemical

characterization of lipid materials useful for the production

of the so-called solid lipid nanoparticles (SLN) and nano-

structured lipid carriers (NLC). The chosen lipids were

Dynasan�114 (glyceril trimyristate) and Dynasan�118

(glyceril tristearate) as solid lipids (SL), melting tempera-

ture above 80 �C, and Miglyol�812 (caprylic/capric tri-

glyceride) and Miglyol�840 (propylene glycol dicaprylate/

dicaprate) as liquid lipids (LL), crystallizing below -15 �C.

Raw lipids (pure or SL:LL mixtures) were analyzed by

differential scanning calorimetry (DSC), wide angle X-ray

diffraction (WAXD), and Polarized Light Microscopy

(PLM), before and after tempering at 80 �C for 1 h. The

selected SL:LL combination was 70% (Dynasan�114 and

118) and 30% (Miglyol�812 and 840) for the production of

SLN and NLC by high-pressure homogenization (HPH),

respectively. Particles with a mean size of 200 nm (poly-

dispersity index \0.329) and zeta potential of -15 mV

were obtained, and their long-term stability was confirmed

for 3 months of storage at 7 �C.
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Introduction

Nanoparticles have become a rapidly growing field with

potential applications in health and drug therapy [1].

Examples include solid lipid nanoparticles (SLN) [2],

nanostructured lipid carrier (NLC) [3], liposomes [4],

polymeric nanoparticles [5], and dendrimers [6], provided

by their extraordinary physical and chemical properties

resulting from the nanosize effect [7]. Lipid nanoparticles

(SLN and NLC) are considered the least toxic among all the

other nanoparticles for in vivo applications. SLN and NLC

have been proposed as alternative drug carriers because of

their physiological lipid composition, the variety of possible

administration routes (e.g., intravenous, oral, and topical),

large scale production by HPH, and the relatively low cost

of the excipients. A number of studies have recently been

published, focusing on the production of SLN and NLC, and

their physicochemical characterization, release profile,

including the feasibility of incorporation of lipophilic and

hydrophilic drugs [7, 8].

Lipids employed for the production of nanoparticles

include triglycerides and their mixtures, fatty acids, and
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waxes [9]. It is, however, required that matrix maintains

the solid state at room temperature, and for this purpose,

the selection of lipids requires the evaluation of their

polymorphic, crystallinity, miscibility, and physicochemi-

cal structure. For large production, the control of poly-

morphism is demanded because of its influence on the

encapsulation efficiency and on the drug expulsion during

storage [10–12]. The lipid crystallization is also an

important characteristic, since the crystalline structures of

triglycerides (e.g., Dynasan�114 and Dynasan�118) can

occur in different polymorphic forms (a, b0, and b). The

a-form (hexagonal) is the least stable with a lower melting

point and latent heat, whereas the b-form (triclinic) is more

stable with higher melting point and higher latent heat. The

transformation of a to b0 (orthorhombic) and b is irre-

versible, and occurs toward a more hydrodynamic stable

system [12].

In the pharmaceutical field, lipid nanoparticles can be

used for all administration routes because of their small

particle size, ranging from 50 to 1000 nm [9, 13–15]. Up to

now, a variety of techniques have been employed for lipid

nanoparticle production [16]. The most promising tech-

nique to achieve higher drug loading in nanoparticles is the

high-pressure homogenization (HPH). This process is easy

to scale up, it does not use organic solvents, and produces

particles with small diameter [17, 18] and low polydis-

persity index [19]. High-shear homogenization followed by

the HPH can modulate the mean nanoparticle size. Fur-

thermore, different lipid combinations can be tested to

obtain the preferred release profile [20, 21]. HPH has been

used for more than 50 years for the production of emul-

sions for parenteral nutrition, such as Intralipid� and

Lipofundin�.

The aim of this study was to evaluate the polymorphism

and crystallinity of triglycerides commonly used in the

production of SLN and NLC, such as trimiristin (Dyna-

san�114) and tristearin (Dynasan�118), and the binary

mixture of solid and liquid lipids, such as caprylic/capric

triglyceride (Miglyol�812) and propylene glycol dicapry-

late/dicaprate (Miglyol�840).

Materials and methods

Material

Trimyristin (Dynasan�114), Tristearin (Dynasan�118),

Caprylic/Capric Triglycerides (Miglyol�812), and Propylene

Glycol Dicaprylate/Dicaprate (Miglyol�840) were obtained

from Sasol Olefins & Surfactants (Germany). Polysorbate 80

(Tween�80) was obtained from Synth (Brazil). Double-

distilled water was used after filtration in Millipore systems

(home-supplied).

Methods

Lipid screening and thermal treatment of lipid materials

The solid lipid (Dynasan�114 and Dynasan�118) and the

binary mixture of solid and liquid lipids (Miglyol�812 and

Miglyol�840) were combined in different ratios and ana-

lyzed separately. Samples were analyzed before and after

tempering at 80 �C for 1 h. Tempering at 80 �C was pre-

selected since lipid nanoparticles are generally produced at

a temperature 10 �C above the melting point of solid lipids.

This process consisted of melting at 80 �C on a thermo-

static bath (Marconi, MA 127/BD, Brazil), following

tempering by sample incubation in the same thermostatic

bath for 1 h at 80 �C [22]. The samples were then kept at

room temperature until complete cooling and solidification,

to check for the creation of polymorphic forms. Most

production processes of SLN and NLC require heating;

thus, tempering was performed to mimic the production

procedure carried out for lipid nanoparticles production.

Preparation of lipid nanoparticles

SLN and NLC were prepared by HPH (NiroSoavi, Panda,

Italy) [23]. The experimental protocol was to melt the lipid

or its mixtures 10 �C above the melting point of solid lipid,

and simultaneously, an aqueous solution containing the

surfactant was heated at the same temperature. The molten

lipid phase was dispersed in aqueous surfactant solution

applying high-shear homogenization (Ultra-Turrax� T25,

USA) at 15.000 rpm for 3 min to obtain a microemulsion.

Then, the microemulsion was passed three times at 500 bar

through the hot HPH. After that, the formulation was

cooled in an ice bath to allow lipid recrystallization until

reaching the temperature of 20 �C. Table 1 shows the

developed formulation.

Differential scanning calorimetry (DSC)

Thermal behavior of lipid matrices was analyzed by DSC

(Mettler Toledo, FP90 Central Processor, São Paulo,

Brazil). A volume of the sample containing approximately

5–10 mg of lipid mass was weighed in an aluminum pan

and sealed hermetically, under inert atmosphere (N2). The

analysis was performed at the heating and cooling rates of

5 K/min, using an empty pan as reference. The samples

were heated up from 10 �C to 100 �C, after being cooled

down to 10 �C Table 2.

Wide angle X-ray diffraction (WAXD)

To study the polymorphism and crystalline properties of

the lipids and their mixtures, WAXD was carried out in a
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diffractometer X-ray (Philips, model X’pert, Pennsylvania,

USA), using copper anode which delivered an X-ray of

wavelength, k = 0.154056 nm. WAXD measurements

were taken from 50� to 330� in 0.015� steps (1 s per step).

The interlayer spacings were calculated from the reflec-

tions using Bragg’s equation:

d ¼ k
sen 2h

where k is the wavelength of the incident X-ray beam, and

h is the scattering angle. The parameter d, otherwise called

the interlayer spacing, is the separation between a partic-

ular set of planes of the crystal–lattice structure. Data of the

scattered radiation were recorded using a blend local-sen-

sible detector with an anode voltage of 40 kV, a current of

25 mA, and a scan rate of 0.5�/min. The samples were

mounted on a thin glass capillary being fastened to a brass

pin without any previous sample treatment.

Polarized light microscopy (PLM)

Polarized light microscopy (PLM) is used for checking

for lipid microstructures and monitoring their molten

transitions and fusion. Micrographs of crystallizing lipid

mixtures were examined with a photomicroscope (LEICA,

model Leitz DMRXE, Bensheim, Germany) coupled with a

software Motic Images Advanced 3.2 and cross polarizer.

Samples were evaluated 24 h after production and ana-

lyzed with increase of 20,0009.

Particle size and zeta potential analysis

The mean particle size was determined through dynamic

light scattering (DLS, Zetasizer Nano NS, Malvern

Instruments, Malvern, UK). DLS, sometimes referred to as

photon correlation spectroscopy (PCS), is a non-invasive,

well-established technique for measuring the size of mol-

ecules and particles typically in the submicron region [24].

This instrument also allows determining the zeta potential

by electrophoretic mobility of particles in an electrical

field. The samples were diluted with ultra-purified water to

weaken the opalescence before measuring the particle

mean diameter and polydispersity index. Zeta potential of

lipid nanoparticles was also measured in purified water

adjusting conductivity (50 lS/cm) with potassium chloride

solution (0.1%, w/v). The zeta potential was determined

from the electrophoretic mobility using the Helmholtz–

Smoluchowski equation [25]. The processing was done by

the software included within the system.

Results

Polymorphic behavior is often shown by long-chain com-

pounds, in general, those compounds crystallize in two or

three different phases, a and b0, or a, b0, and b, respec-

tively. DSC was employed to study the melting tempera-

ture and crystallization behavior of lipids [26]. For this

study, 12 samples were analyzed using different ratios of

Dynasan�114 and Dynasan�118 as solid lipids and

Table 1 Composition of lipid mixtures in percentage (w/w)

Sample Dynasan�114 Dynasan�118 Miglyol�812 Miglyol�840

D4M812/90:10 90 10

D4M812/80:20 80 20

D4M812/70:30 70 30

D4M840/90:10 90 10

D4M840/80:20 80 20

D4M840/70:30 70 30

D8M812/90:10 90 10

D8M812/80:20 80 20

D8M812/70:30 70 30

D8M840/90:10 90 10

D8M840/80:20 80 20

D8M840/70:30 70 30

Table 2 Composition of solid lipid nanoparticles (SLN) values in

percentage (w/w)

Phase Formulation 1a 2a 3a 4a

Oil Dynasan�114 2.1 2.1

Dynasan�118 2.1

Miglyol�812 0.9 0.9

Miglyol�840 0.9 0.9

Aqueous Tween�80 3 3 3 3

Water 200 200 200 200

a Values in percentage

Crystallinity of Dynasan�114 and Dynasan�118 matrices 103
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Miglyol�812 and Miglyol�840 as liquid lipids, according

to Table 1.

According to the results obtained after DSC analysis

(Table 3), Dynasan�114 and Dynasan�118 depicted

melting events at 60.7 �C and 73.8 �C, respectively, and

the onset temperatures at 57.0 �C and 60.9 �C, respec-

tively. The difference between the melting and the onset

temperatures is the range at which the melting event of the

lipid occurs, and the greater the difference, the greater the

disorder of the crystals. After adding the liquid lipid (Mi-

glyol�812 or Miglyol�840) to the solid lipid (Dyna-

san�114 or Dynasan�118), this difference increased, as

observed for the samples D4M812 (70:30); D4M812

(70:30); D8M812 (70:30); and D8M840 (70:30). It should

be pointed out that Miglyol�812 and Miglyol�840 mainly

differ in C8/C10-ratio. Because of its low C10-content, the

viscosity and cloud point of Miglyol 812 is lower. As

shown in Table 3, the melting range of all the formulations

was recorded between 54 and 72 �C.

Using 30% of liquid lipid, major differences between

the temperatures were recorded, favoring a less orderly,

lipid matrix containing imperfections in their structure,

capable of accommodating a larger amount of drug, to

minimize its expulsion during storage, and also to modulate

their release pattern [9, 20]. In colloidal systems, for in

vivo use, it is desired to work with lipids having onset

temperatures above 40 �C, to avoid melting of the nano-

particles when administered [27].

The samples chosen to undergo tempering are pre-

sented in Table 4 which also shows the melting temper-

atures and onset temperature, before and after the

tempering process, and the differences between them. The

melting and the onset temperatures fusion of each lipid

mixture subjected to tempering was obtained from the

DSC thermograms. When comparing the differences

between the melting and onset temperatures, before and

after tempering, an increase occurred after tempering.

These results show that these structures exhibit suscepti-

bility to clutter after processing for production of lipid

nanoparticles. This disruption facilitates the encapsulation

of drugs and increases particle stability during storage.

After tempering, the obtained melting temperatures were

higher than 40 �C, which represents an important prop-

erty, because it ensures the integrity of the particles for

parenteral use [28, 29].

In general, the lipids crystallize in two or three different

phases, a and b0 or a, b, and b0. To analyze these different

polymorphic forms, DSC was carried out, and to accurately

identifying these phases, WAXD is employed, since it

allows a better differentiation of each phase. In addition,

Table 3 Thermal properties of lipids mixtures

Sample Onset temperature/�C Melting peak/�C Heat capacity/J/g DT = Tmelting - Tonset

D4M812/90:10 53.7 59.2 130.0 5.5

D4M812/80:20 51.8 56.3 113.0 4.5

D4M812/70:30 52.8 58.2 106.0 5.4

D4M840/90:10 53.1 58.0 124.0 4.9

D4M840/80:20 49.0 55.8 106.0 6.8

D4M840/70:30 47.1 54.1 94.4 7.0

D8M812/90:10 68.2 72.2 147.0 4.0

D8M812/80:20 67.3 71.4 125.0 4.1

D8M812/70:30 64.9 69.4 110.0 4.5

D8M840/90:10 67.3 71.9 141.0 4.6

D8M840/80:20 62.1 68.1 84.5 6.0

D8M840/70:30 60.3 67.2 90.2 6.9

Table 4 Thermal properties of lipids mixtures after and before tempering

Sample Before After

Tonset/�C Tmelting/�C DT/�C Tonset/�C Tmelting/�C DT/�C

D4M812/70:30 52.8 58.2 5.4 51.4 58.1 6.7

D4M840/70:30 47.1 54.1 7.0 47.0 56.4 9.4

D8M812/70:30 64.9 69.4 4.5 66.9 72.1 5.2

D8M840/70:30 60.3 67.2 6.9 64.5 70.8 6.3
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WAXD is used to investigate the arrangement of the layers

of lipid molecules and their crystallinity. Figure 1 shows

the X-ray diffraction patterns of solid lipids, Dynasan�114

and Dynasan�118. In Fig. 1a the phases a, b, and b0/b are

well defined, showing that Dynasan�114 exists in a

crystalline state (Fig. 1b). Only one peak at 21.53 (2h) was

recorded, typical of the b-form.

The WAXD diffractogram of Fig. 2 corresponds to the

lipid mixtures containing a solid lipid with different ratios

of liquid lipid, according to Table 1. In all the cases, there

is a clear presence of three crystalline phases (a, b, and

b0/b). In the specific case of Dynasan�118, as a bulk

material, it shows only one phase (Fig. 1b), but in a mix-

ture with the liquid lipids (Fig. 2a, b), it depicted the three

distinct typical phases.

Comparing the baseline (trend linearity) of solid lipid

(Fig. 1) with the baselines of the lipid mixtures in Fig. 2, it

was also shown that the addition of liquid lipid (Mi-

glyol�812 or Miglyol�840) promoted disorder. From the

obtained results, to develop NLC we have chosen the ratio

70:30 (SS:SL), i.e., it is responsible for a greater disorder

of the matrix. Therefore, the system shows stability and

ability for higher loading. The WAXD diffractogram pat-

terns of Fig. 3 show that after the tempering process of

lipid mixtures containing 30% lipid liquid, intensity of the

peak is observed. The peak width was maintained, although

not as well defined as before the treatment.

Correlating the data obtained by DSC and WAXD after

the tempering process, consistent outcomes were observed.

The decrease of the melting temperature was followed by

the decrease of intensity of WAXD peaks, suggesting the

presence of more unorganized structures. This phenome-

non is preferred for drug loading and increasing the ther-

modynamic stability during storage.

PLM analysis compared the morphological characteris-

tics of the lipid mixtures with the samples of solid lipid

containing 30% lipid liquid (Fig. 4). The results show the

presence of crystalline structures in equilibrium with liquid

crystalline lipids. Dynasan�114 and Dynasan�118 are in

0

1000

2000

3000

4000

5000

6000

7000
In

te
ns

ity
/a

.u
.

In
te

ns
ity

/a
.u

.

2θ/°

2θ/°

0

1000

2000

3000

4000

5000

6000

7000

0 5 10 15 20 25 30 35

0 5 10 15 20 25 30 35

(a)

(b)

Fig. 1 WAXD analysis after fusion of a Dynasan�114 and

b Dynasan�118

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

In
te

ns
ity

/a
.u

.
In

te
ns

ity
/a

.u
.

In
te

ns
ity

/a
.u

.
In

te
ns

ity
/a

.u
.

2θ/° 2θ/°

2θ/°2θ/°

D4M812/90:10

D4M812/80:20

D4M812/70:30

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

0 5 10 15 20 25 30 35

D4M840/90:10
D4M840/80:20
D4M84/70:30

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

D8M812/90:10

D8M812/80:20

D8M812/70:30

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

0 5 10 15 20 25 30 35

D8M840/90:10
D8M840/80:20
D8M840/70:30

(a)

(b)

(c)

(d)
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Crystallinity of Dynasan�114 and Dynasan�118 matrices 105

123



the form of irregular crystals of varying sizes. Addition of

liquid lipid (30%) created more amorphous structures.

Physicochemical characterization of lipid nanoparticles

produced by hot HPH is shown in Table 4. All formu-

lations were obtained with an average hydrodynamic

diameter around 200 nm and polydispersity index of 0.329,

with the presence of one population. The zeta potential was

from -19.26 to ?0.25 mV for all formulations with stan-

dard deviation in the range of 0.20–0.66. The zeta potential

width can be explained by coating the particles with

polysorbate 80. This value reveals the particles stability as

a result of their interaction with electrolytes and rheology
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Fig. 4 Micrographs obtained

by PLM: a Dynasan�114;

b Dynasan�118;
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Miglyol�812 (70:30);

d Dynasan�114 and

Miglyol�840 (70:30);

e Dynasan�118 and

Miglyol�812 (70:30);

f Dynasan�118 e Miglyol�840

(70:30)
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of colloidal suspensions. While the value was less than

|30 mV|, the nanoparticles showed a good level of elec-

trostatic instability, i.e., the electrostatic repulsion prevents

aggregation of particles. High surface charges contribute

for a long-term stability of nanoparticles both in aqueous

dispersion and during their storage and administration [30].

Conclusions

This study was focused on the characterization of lipid

mixtures in different concentrations, by DSC, WAXD, and

PLM. The results of characterization of the lipid mixtures

show that mixtures containing 30% lipid liquid, both for

Miglyol�812 and Miglyol�840, were the most promising

for the production of the NLC, because of the presence of a

more disordered crystal—results that are consistent with

the employed technology. The lipid nanoparticles showed

size, polydispersity index, and zeta potential promising for

drug loading for pharmaceutical and cosmetic use.
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