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1  INTRODUCTION
Lipid nanoparticles are developed for two decades as an 

alternative carrier to traditional carriers such as liposomes 
and polymeric nanoparticles1）. Lipid nanoparticles are pre-
pared in a form of solid lipid nanoparticles（SLN）for the 
first generation and then nanostructured lipid carriers
（NLC）is invented for the second generation to overcome 
the limitations of SLN. The difference between SLN and 
NLC is the liquid lipid content that is added in NLC, 
whereas only solid lipid is used to prepare SLN. Conse-
quently, amorphous clusters are presented in NLC com-
pared to crystal lattice in SLN. The crystallinity of lipid 
particles directly affects the drug loading capacity and the 
drug expulsion during storage. The literature reported in-
crease in drug loading of NLC compared to SLN2）. Further-
more, the crystallinity and the structure in particle matrix 
of NLC can be controlled by the mixing of liquid lipid and 
solid lipid contents. Another advantage of NLC includes 
drug release profiles of active ingredients loaded in lipid 
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nanoparticles. SLN provide burst release at the initial time 
due to the phase separation and a large amount of drug at 
the outer shell. In addition, the fast transformation to high 
order polymorphs also causes drug expulsion in SLN. 
Meanwhile, NLC can be generated imperfect forms and 
amorphous forms so that it can provide higher flexibility 
for the desired prolonged release profiles3）.
γ-Oryzanol（GO）is a natural component found in rice 

bran and rice germ. It consists of a mixture of ferulic acid 
esters of plant sterols and triterpene alcohols4）. The five 
major components are cycloartenyl ferulate, 24-methylene 
cycloartanyl ferulate, campesteryl ferulate, β-sitosteryl fer-
ulate and cycloartanyl ferulate4）. However, at least 10 com-
ponents were reported for γ-oryzanol5）. The γ-oryzanol is 
an antioxidant compound, which is excellent in inhibiting 
lipid peroxidation6）. Furthermore, it exhibits some health-
beneficial properties such as increasing high-density lipo-
proteins level while decreasing total plasma cholesterol7）. 
The γ-oryzanol is also used in food applications for improv-
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ing food stability8）and pharmaceutical applications for 
UV-A filter in sunscreen cosmetics9）. Since γ-oryzanol is a 
poor water soluble compound, the utility of this compound 
is limited. Therefore, applying γ-oryzanol into lipid 
nanoparticles is an alternative for any applications, espe-
cially for topical delivery.

Leum Pua is native Thai glutinous rice that got seed cer-
tification for genetic purity in 2012. Leum Pua rice is a 
purple rice with high nutrition value. Normally, colored rice 
has two to three times higher of the amount of anthocyan-
in, γ-oryzanol, and phenolic compounds than white rice10）. 
Rice Research and Development Division（Rice Depart-
ment, Ministry of Agriculture and Cooperatives of Thai-
land）also reported that Leum Pua rice has higher antioxi-
dant  than other colored r ice.  I ts  grain contains 
anthocyanin, γ-oryzanol, omega-3, omega-6, omega-9, 
α-tocopherol, zinc, calcium, manganese and other antioxi-
dants. The development of γ-oryzanol rich extract loaded 
NLC for topical delivery can lead to value added of native 
Thai glutinous rice. In this study, Leum Pua rice bran was 
extracted by using different solvents. γ-Oryzanol, 
α-tocopherol and lipid compositions in each extract were 
analyzed. The best extract was, then, selected for loading 
in NLC particles. Prepared NLC formulations were charac-
terized by photon correlation spectroscopy（PCS）and dif-
ferential scanning calorimetry（DSC）. The encapsulation 
efficiency and the release profile were also investigated 
and compared to GO-loaded NLC formulation.

2  EXPERIMENTAL
2.1 Materials

Cetyl palmitate and caprylic/capric triglycerides were 
purchased from Namsiang Group（Bangkok, Thailand）. 
γ-Oryzanol, Tween80（polysorbate 80）and Span40（sorbitan 
monopalmitate）were purchased from Sigma-Aldrich
（Japan）. Hexane, isopropanol, and methanol were pur-
chased from RCI Labscan（Bangkok, Thailand）. Leum Pua 
glutinous rice bran was provided by a local rice mill in the 
northeast of Thailand. Distilled water and deionized water 
were prepared freshly from AutostilTM 8000x（England）and 
aquaMaxTM-Ultra（Korea）, respectively. Phosphate buffer 
saline（PBS）pH 5.5 was prepared freshly in Laboratory. All 

other chemicals were commercially available in analytical 
grade. The materials were used without further purification 
procedures.

2.2  Extraction of oil from Leum Pua glutinous rice bran
Twenty grams of Leum Pua glutinous rice bran was ex-

tracted with 300 ml of different solvents（hexane, isopropa-
nol, and methanol）by using Soxhlet extraction. Then, the 
solvents were evaporated under reduced pressure by using 
Rotavapor（Buchi Rotavapor® R-210/R251）to obtain rice 
bran oil extract.

2.3  Preparation of NLC formulation
Nanostructured lipid carriers（NLC）formulations were 

prepared by hot high-pressure homogenization method22）. 
Lipid phase consisted of solid lipid（cetyl palmitate）, liquid 
lipid（caprylic/capric triglycerides）and surfactant（span40）
were melted together at 80℃ and then mixed with aqueous 
phase contained Tween80 in water under homogenizer
（ULTRA-TURRAX® T25, IKA）at 8000 rpm for 1 min to 
become pre-emulsions. Then, pre-emulsions were continu-
ously heated to maintain the temperature at 80℃ before 
they were processed by a high-pressure homogenizer
（High-Pressure Homogenizer® APV-2000）. The pre-emul-
sions were applied for 3 cycles at 500 bars and around 
80℃. The prepared NLC formulations were cooled down at 
ambient conditions to room temperature. 0.2％ w/w of 
DMDM hydantoin was added to cooled formulations as a 
preservative.

In the case of active ingredient loaded NLC, 1％ w/w of 
hexane extract, 0.01％ w/w and 1％ w/w of standard 
γ-oryzanol were added separately to the lipid phase before 
pre-emulsion preparation step. The amount of active ingre-
dient loaded NLC calculated based on total weight of the 
formulation. The compositions of each formulation were 
shown in Table 1.

2.4  Particle size measurement
Particle size analysis was performed by photon correla-

tion spectroscopy（PCS）using Malvern Zetasizer Nano-ZS
（Malvern Instruments, UK）. 173° scattering angle was 
applied at room temperature. Samples were diluted 10 
times with deionized water before measuring in the folded 
capillary cell（DTS1060）. The mean particle size and the 

Table 1　The compositions of NLC（％w/w）formulation.

Formulation Cetyl 
palmitate

Caprylic/capric 
triglycerides Tween80 Span40 Active ingredient Water q.s.

GO-loaded NLC 7 3 2 2 0.01% w/w of standard 
γ-oryzanol 100

Extract-loaded NLC 7 3 2 2 1% w/w of hexane 
extract 100
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polydispersity index（PI）of each formulation were obtained 
by the average of 5 measurements. All measurements were 
done in triplicate.

2.5  Differential scanning calorimetry（DSC）
The degree of crystallinity of NLC formulations was per-

formed by using a differential scanning calorimeter（DSC 
Q200 TA Instruments）. Sufficient amount of NLC formula-
tions was weighed and put in a 40 μl aluminum pan. An 
empty aluminum pan was used as the reference. The 
samples were scanned from 0℃ to 85℃ with the heating 
rate of 5℃/min and from 85℃ to 0℃ with the same cooling 
rate for 2 cycles. The melting point temperature, the 
melting onset temperature, and the melting enthalpy were 
evaluated. The crystallinity index（％CI）was calculated by 
using the following equation.

％ CI＝ ∆HNLC aqueous dispersion（J⁄g）

∆Hbulk material（J⁄g）×Concentrationlipid phase（％）
×100

2.6  Drug encapsulation efficiency（％EE）
The encapsulation efficiency（％EE）of γ-oryzanol in NLC 

formulation was indirectly evaluated by centrifugal filtra-
tion. Four grams of NLC formulations were placed into a 
centrifugal filter tube（Amicon® Ultra-15, 30 kDa molecular 
weight cut-off, Millipore, Ireland）and centrifuged at 5000 g 
for 30 min at room temperature. The supernatant was ex-
amined the amount of γ-oryzanol by using reverse-phase 
high-pressure liquid chromatography（RP-HPLC）.

2.7  High performance liquid chromatography（HPLC）
HPLC was performed by using Waters Alliance 2695 

HPLC Separations, and Waters® 2489 UV/Visible detector. 
The Sunfire C18 column with 4.6×100 mm diameter（3.5 
μm）was applied. The mobile phase was a mixture of aceto-
nitrile, methanol, and isopropanol（45:30:25％（v/v/v））. The 
sample was detected at the wavelength of 325 nm and run 
time of 20 min, with a flow rate of 0.8 ml/min and 20 μl in-
jection volume. The samples from the extraction were pre-
pared in acetone, whereas the samples from release study 
were in a release study medium（a mixture of phosphate 
buffer saline（PBS）, pH 5.5, 50％（v/v）isopropanol and 5％
（w/w）Tween80）.

2.8  In vitro release study
In vitro release study was performed by using static 

Franz diffusion cells to determine the amount of γ-oryzanol 
released from prepared formulations. Mixed cellulose ester 
membrane filters with a pore size diameter of 0.1 μm（Ad-
vantec®, Japan）were used as release membrane. The 
surface area of the release membrane was 1.60 – 2.40 cm2 
depended on the Franz diffusion cell. The experiments 
were operated at the controlled temperature of 32℃ to 
mimic human skin. The receptor medium was 10 ml of a 
mixture of phosphate buffer saline（PBS）, pH 5.5 and 50％
（v/v）isopropanol and 5％（w/w）Tween 80. The medium was 
stirred by a magnetic bar during the experiment to make a 
receptor medium homogeneous and minimize stagnant 
layers. 300 μl of NLC formulation was loaded onto the 
membrane in the donor compartment. 0.5 ml of a receptor 
medium was collected at suitable time intervals over 24 h 
using a syringe needle, and the same volume of the 
medium was replaced with freshly receptor medium. The 
collected samples were analyzed by HPLC method as previ-
ously described. The experiment was performed in tripli-
cate. The data were presented as the mean values±stan-
dard deviation（SD）.

2.9  Statistical analysis
The data were expressed as the mean values±standard 

deviation（SD）for particle size measurements. Statistical 
significance of difference was examined using one-way 
ANOVA at the probability level of 0.05.

3  RESULT AND DISCUSSION
3.1   Yields and compositions of Leum Pua glutinous rice 

bran extract
Native Thai glutinous rice bran called “Leum Pua” was 

extracted by using different solvents. The percent yield of 
the extract from each solvent was shown in Table 2. The 
results presented that methanol gave the highest percent 
of the extract（33.05％ w/w of rice bran）compared to iso-
propanol（19.35％ w/w of rice bran）and hexane（13.50％ w/
w of rice bran）, respectively. However, the precipitation 
was observed when the extract was kept for a while. The 
methanol extract showed the most precipitation compared 

Table 2　 The percent yields and the phytochemical compositions of the extracts 
when using methanol, isopropanol, and hexane as extraction solvents.

Extraction solvent Extraction yield
(g/100 g rice bran)

γ-Oryzanol
(g/100 g extract)

α-Tocopherol
(mg/100 g extract)

Methanol 33.05 0.74  8.99
Isopropanol 19.35 0.52 10.04

Hexane 13.50 0.97  7.84
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to the others. This could be explained by high polarity of 
methanol over other solvents so that methanol dissolved 
many compounds, especially high polar compounds. When 
the solvent was removed, less soluble compounds were 
precipitated out of the extract.

The lipid compositions of the extracts were analyzed by 
in house method based on the compendium of methods for 
food analysis, Thailand（2003）（Table 3）. The fatty acids, 
which predominated in rice bran oil extracted by each 
solvent, were oleic acid（around 40 g/100 g extract）, linoleic 
acid（around 30 g/100 g extract）, and palmitic acid（around 
20 g/100 g extract）, respectively. Different species of rice 
bran had different percents of fatty acids in the extracts. 
However, these three main fatty acids were found to be the 
major components in rice bran oils11, 12）. It was noteworthy 
that methanol extract had fewer lipid compositions than 
isopropanol extract and hexane extract because of the high 
polarity of methanol.
γ-Oryzanol was examined by using RP-HPLC and 

α-tocopherol was analyzed by in house method based on 
BS EN 12823-1:2000. The amount of γ-oryzanol and 
α-tocopherol were shown in Table 2. The results indicated 
α-tocopherol was higher in isopropanol extract than meth-
anol extract and hexane extract, respectively. In contrast 
to α-tocopherol, γ-oryzanol was highest in hexane extract 
compared to methanol extract and isopropanol extract. 
This study was consistent with Chen’s studies that report-
ed the potential of methanol over hexane for extracting the 
Taro-Scented Japonica rice bran13）. They also mentioned 
that methanol had high extraction efficieney in total phe-
nolic substances, oryzanol, and tocols. Although the higher 
tocols content was reported for methanol extract, they 

found that the oryzanol content was higher in hexane 
extract compared to methanol extract. Other studies men-
tioned isopropanol as an alternative solvent for extracting 
oil from rice bran14, 15）. Similar to this study, isopropanol 
was better to extract vitamin E, but hexane was better to 
extract oryzanol.

Although these studies used different extraction condi-
tion and extraction method, as well as different rice 
species, the effect of solvents was similar. This indicated 
that the properties of solvent such as the polarity and the 
structure of solute, directly affected the phytochemical 
compositions in rice bran extract11）. α-Tocopherol molecule 
contains an alkyl side chain and a hydroxyl group which at-
tached to a benzene ring and an oxygen atom attached at 
para-position to another oxygen atom. On the contrary, the 
molecular structures of γ-oryzanol are sterols. Therefore, 
from the molecular structure, α-tocopherol is less hydro-
phobic than γ-oryzanol16）. Methanol and isopropanol are 
polar protic solvents whereas hexane is nonpolar solvent. 
Thas, α-tocopherol is compatible with methanol and iso-
propanol more than hexane whereas γ-oryzanol is prefera-
ble to hexane.

3.2  Characterization of solvent extracts
γ-Oryzanol in the extract was examined by using 

RP-HPLC as previously described. The HPLC chromato-
gram of γ-oryzanol displayed three major peaks and two 
minor peaks at retention time of around 11, 12, 13, 14 and 
16 min, respectively. The HPLC chromatogram of 
γ-oryzanol in hexane extract was shown in Fig. 1. In com-
parison with literature, three main peaks at 11.124 min
（21.18％）, 11.894 min（51.39％）and 12.949 min（15.77％）

Table 3　The lipid compositions of the extracts.

Fatty acid 
(g/100 g sample) Hexane extract Isopropanol extract Methanol extract

Saturated fatty acid 
Myristic acid C14:0  0.57  0.57 －
Palmitic acid C16:0 19.42 19.61 20.51
Stearic acid C18:0  2.11  2.23  2.25
Arachidic acid C20:0  0.69  0.67  0.54
Behenic acid C22:0  0.23  0.21 －
Lignoceric acid C24:0  0.38  0.38 －

Unsaturated fatty acid 
Palmitoleic acid C16:1  0.19  0.20 －
Oleic acid C18:1n9c 41.10 40.73 40.00
Cis-11-Eicosenoic acid C20:1n11  0.41  0.40 －
Linoleic acid C18:2n6c 29.37 29.47 31.28
α-linolenic acid C18:3n3  1.15  1.13  1.02
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were identified to be cycloartenyl ferulate, 24-methylene 
cycloartanyl ferulate, and campesteryl ferulate, respective-
ly. These three main peaks were taken around 85％ of 
γ-oryzanol. This was consistent with the report of 80％ of 
γ-oryzanol in normal rice bran17）. The peak at 14.241 min 
with the area under the curve of 9.8％ was identified as the 
combination of β-sitosteryl ferulate and cycloartanyl feru-
late4）. The smallest peak at 16.135 min with only 1.87％ of 
peak area might be identified as sitostanyl ferulate5）. The 
amount of γ-oryzanol was calculated by summation of the 
area under the curve of these five peaks. The peak at 
around 2.75 min was a peak of acetone that was used as a 
solvent for sample preparations.

3.3  Characterization of NLC formulations
NLC formulations were prepared by using high-pressure 

homogenization（HPH）method. They were composed of 
10％（w/w）lipid contents and 4％（w/w）of emalsifiers. Dif-
ferent types of lipid were preliminary studied. However, 
cetyl palmitate was used as solid lipid and caprylic/capric 
triglyceride was used as liquid lipid. Tween80（hydrophilic 
surfactant）and Span40（hydrophobic surfactant）were used 
as emalsifiers in the ratio of 1 to 1. Then, 1％（w/w）of 
hexane extract was loaded to the NLC by adding the 
extract to lipid phase before preparing pre-emulsion as de-
scribed previously. Since the results in Table 2 showed the 
highest percent of γ-oryzanol in hexane extract, the hexane 
extract was chosen to prepare NLC formulation. The for-
mulation was compared to 0.01％（w/w）GO-loaded NLC. 
The amount of γ-oryzanol that was added to the formula-
tion was calculated based on the amount of γ-oryzanol in 
the hexane extract from the previous section（Table 2）. 
The mean particle size, the polydispersity index（PI）and 

the zeta potential of extract-loaded NLC and GO-loaded 
NLC were shown in Table 4.

Extract-loaded NLC had a larger mean particle size
（142.9±0.4 nm）compared to GO-loaded NLC（137.1±0.5 
nm）at 95％ of confidence（p＜0.05）. The high quality of 
particle dispersion was performed by the PI of both formu-
lations that was smaller than 0.1. The PI of extract-loaded 
NLC was 0.074±0.006 and the PI of GO-loaded NLC was 
0.090±0.019. The PI demonstrates particle size distribu-
tion. The lower the PI, the better the quality of dispersion 
and the closer the monodispersity. The PI normally ranges 
from 0 to 1. The acceptable PI should be lower than 0.5 to 
indicate the narrow size distribution and it should be lower 
than 0.1 for the excellent quality of dispersion18）. Other 
studies also suggested the lower or equal to 0.3 for 
optimum PI19）. In this study, GO-loaded NLC formulation 
and extract-loaded NLC formulation showed the monodis-
persity with the PI lower than 0.1.

Besides PI, zeta potential of both formulations were not 
significantly different（p＞0.05）. Although the zeta poten-
tial was not a primary parameter for considering the quality 
of the formulation, it implied to the physical stability of 
particles. Zeta potential involves with surface charges of 
particles that can be positive or negative. High zeta indi-
cates high repulsive force, resulting in prevention of parti-
cle aggregation. In general, nanoparticles with good physi-
cal stability should have zeta potential higher than ＋20 
mV or lower than －20 mV. However, some studies men-
tioned that this was not always true and the stability 
studies should be established20）. The zeta potentials of GO-
loaded NLC and extra-loaded NLC formulation were －26.9
±1.0 mV and －26.1±0.9 mV, respectively（Table 4）. 
Thus, these formulations should be stable on storage. The 
formulations were kept at 4℃ and room temperature for 
12 weeks to check for the storage physical stability.

The data in Table 5 indicated the physical stability of 
NLC formulations when they were stored at 4℃ and room 
temperature for 12 weeks. Further study found that 
nanoparticles that had a small mean particle size such as in 
the range of 100 – 200 nm, and had a low PI were physical-
ly stable for long time storage. This could be explained by 
the physical properties of particles in the nanosized range 
that normally disperses in nature. Moreover, it was note-
worthy that the particle size of the NLC formulations 
showed slightly lower when kept at room temperature 
compared to 4℃（p＜0.05）. The mean particle size also 

Fig. 1　 The HPLC chromatogram of γ-oryzanol in hexane 
extract.

Table 4　 The mean size, the polydispersity index and the zeta potential of extract-loaded 
NLC formulation and GO-loaded NLC formulation.

Formulation Mean particle size
(nm)

Polydispersity index 
(PI) Zeta potential

GO-loaded NLC 137.1±0.5 0.090±0.019 －26.9±1.0
Extract-loaded NLC 142.9±0.4 0.074±0.006 －26.1±0.9
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slightly decreased when NLC formulations were kept for 6 
weeks and 12 weeks, especially for GO-loaded NLC formu-
lation（p＜0.05）.

A study also mentioned that low zeta potential could be 
related to high storage stability due to the perfect coverage 
of non-ionic surfactants. This was possible due to the sta-
bility of these lipid nanoparticles influenced by a steric sta-
bilization instead of an electrostatic stabilization. They also 
referred that coverage of non-ionic surfactants on the lipid 
nanoparticle surface decreased the mobility of nanoparti-
cles, resulting in lower zeta potential value21）. Tween80 and 
Span40 are non-ionic surfactants that were selected for 
prepared NLC formulations in this study. Thus, not only 
did the zeta potential suggest the physical stability of NLC, 
but the non-ionic surfactant in the system also supported 
the stability of the NLC.

3.4  DSC investigations
The degree of crystallinity of the NLC was performed by 

differential scanning calorimetry（DSC）. The melting onset, 
the melting point, the enthalpy change and the percent of 
crystallinity（％ CI）were determined（Table 6）. The data 
showed that the melting point and the melting onset of 
NLC formulations were lower than pure cetyl palmitate. 
The melting enthalpy decreased compared to the pure 
cetyl palmitate, resulting in lower of the degree of crystal-
linity. The DSC thermogram of cetyl palmitate revealed a 
main endothermic peak at 50.93℃ and a smaller peak at 
around 44℃ indicated β polymorphic form which was the 
most stable form of cetyl palmitate and α polymorphic 
form of cetyl palmitate, respectively. In general, triglycer-
ides can crystallize in three polymorphic forms, which are 
α-form, β’-form and β-form. The β-form is the stable form 
that is a main melting peak whereas the α-form shows as a 
small endothermic peak with low melting enthalpy22）. The 

α-form has the highest Gibbs free energy because of disor-
dered aliphatic chains. The melting enthalpy of α-form 
appears at a lower temperature than the main peak and 
tends to transit to the stable β-form during storage. Al-
though the β-form is the most stable due to the lowest 
Gibbs free energy, some mixed-acid triglycerides were re-
ported that the β’-form was the most stable form23）. In this 
study, NLC formulations were prepared by mixing cetyl 
palmitate with liquid lipid. The DSC thermograms of NLC 
formulations showed melting peaks shifted to lower tem-
perature compared to cetyl palmitate. Not only had the 
lower melting enthalpy of the main melting peak, but it 
also had a little shoulder in the main melting peak（Fig. 2）. 
This could be referred to a metastable form（β’-form）of 
cetyl palmitate in NLC formulations24）. The metastable β’- 
form was also mentioned to have a higher capacity for drug 
loading compared to the stable form25）. In addition, 
γ-oryzanol had endothermic melting peaks around 60-80℃
（data not shown）. However, it could not be seen on the 
DSC thermograms of NLC formulations. This might be due 
to the dissolution of γ-oryzanol in the lipid composition, es-
pecially the liquid lipid components. 

When considering the DSC thermogram of NLC formula-
tions（Fig. 2）, it showed that drug-free NLC and GO-loaded 
NLC were almost similar, but extract-loaded NLC formula-
tion showed a wider endothermic peak with several shoul-
ders and side maxima. The data on Table 6 indicated the 
wider range of melting temperature of extract-loaded NLC 
formulation compared to the other formulations. Moreover, 
it also had a small endothermic peak around 32℃. DSC 
was run for two cycles. Several crystallization peaks were 
found on the DSC thermogram of extract-loaded NLC for-
mulation when the sample was cooled back down to 0℃ 
due to the mixed lipid in the extract as mentioned previ-
ously（Table 2）. These results implied that the different 

Table 5　 The mean particle size of extract-loaded NLC formulation and GO-loaded NLC 
formulation stored at 4℃ and room temperature for 12 weeks.

Formulation
Particle size (nm)
4℃ Room temperature

Week 0 Week 6 Week 12 Week 6 Week 12
GO-loaded NLC 137.1±0.5 136.4±0.5 131.9±1.6 127.9±0.7 123.8±2.3

Extract-loaded NLC 142.9±0.4 141.5±2.2 138.4±1.3 136.4±1.4 135.3±1.3

Table 6　DSC parameters of NLC formulations.

Formulation Melting onset
(℃)

Melting point
(℃)

Enthalpy change
(J/g) % CI

Cetyl palmitate 48.59 50.93 226.7 100
Drug-free NLC 42.21 44.01 7.858  50
GO-loaded NLC 41.30 43.81 7.113  45
Extract-loaded NLC 40.95 44.79 9.157  58
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crystallization of mixed lipids in the extract might affect 
the drug loading and the release of the drug molecule from 
the NLC formulation.

3.5  Encapsulation efficiency
NLC formulations were analyzed the percent of encapsu-

lation efficiency（％EE）by using RP-HPLC. γ-Oryzanol is li-
pophilic drug that solubilizes better in lipid phase than in 
aqueous phase. Therefore, most γ-oryzanol should be en-
capsulated in NLC particles. In this study, 1％ w/w of 
hexane extract was loaded in the NLC formulation. Ac-
cording to the percent of γ-oryzanol in hexane extract was 
around 1％ w/w, only 0.01％ w/w of standard γ-oryzanol 
was loaded to NLC formulation for the comparison. Never-
theless, 1％ w/w GO-loaded NLC formulation was also pre-
pared to confirm the efficiency of NLC formulation for 
γ-oryzanol encapsulation. The data exhibited that most 
γ-oryzanol was loaded in the NLC formulation, although 
1％ w/w of γ-oryzanol was applied in the formulation. 
The％EE of extract-loaded NLC, 0.01％ w/w and 1％ w/w 
GO-loaded NLC were 99.944±0.019％, 100％ and 99.936
±0.019％, respectively. For 0.01％ w/w GO-loaded NLC, 
the amount of γ-oryzanol in the ultrafiltrate could not be 
detected by HPLC, so the％ EE was assumed to be 100％.

3.6  In vitro release studies
In vitro release studies were performed by using static 

vertical Franz diffusion cells to determine the amount of 
γ-oryzanol released through the artificial membrane per 
time. The acceptor medium was controlled at 32℃ and pH 
5.5 in order to mimic the human skin surface condition. 
The medium was collected at 2, 4, 6, 8, 10, 12, and 24 h 
and analyzed by using RP-HPLC at 325 nm. γ-Oryzanol 
composed of five peaks（Fig. 1）. The combination of those 
peaks was counted for the amount of γ-oryzanol. Sink con-

ditions were maintained over the experiments. The release 
profile of extract-loaded NLC formulation was compared to 
that of GO-loaded NLC formulation（Fig. 3）. The γ-oryzanol 
in extract-loaded NLC formulation tended to release slight-
ly higher than GO-loaded NLC formulation. This could be 
explained by the higher amount of oil phase in extract-
loaded NLC formulation. Moreover, as mentioned previous-
ly, the different recrystallization peaks were presented on 
the DSC thermogram of extract-loaded NLC formulation. 
The crystallization of mixed lipids could be interrupted the 
crystallization of polymorphic forms of cetyl palmitate 
which was the main solid lipid in the NLC formulation. 
Consequently, this formulation should be in amorphous 
state more than the formulation that had only two lipid 
compartments. Several studies also proposed that NLC 
provided drug loading capacity higher than SLN because 
NLC had amorphous clusters whereas SLN had crystal lat-
tices in the particles. The relatively perfect crystal lattice 
in SLN limited the space for drugs accommodated in the 
particles2）. Therefore, the amorphous state was preferable 
for nanocarriers such as NLC. However, if the release pro-
files of both extract-loaded NLC formulation and GO-load-
ed NLC formulation（0.01％ w/w γ-oryzanol）were compared 
to the GO-loaded NLC formulation（1％ w/w γ-oryzanol）, 
these two release profiles were almost similar due to the 
large amount of γ-oryzanol in 1％ w/w GO-loaded NLC for-
mulation（Fig. 3）.

In general, the release profile of drugs from NLC and 
SLN contained two states. The initial state was the faster 
release owing to the accumulation of liquid lipid at the 

Fig. 2　 The DSC thermogram of extract-loaded NLC 
formulat ion compared to  GO- loaded NLC 
formulation and drug-free NLC formulation.

Fig. 3　 Cumulative amount per unit area（μg/cm2）of 
γ-oryzanol released from NLC over 24 h of extract-
loaded NLC formulation and 0.01％ w/w GO-loaded 
NLC formulation compared to 1％ w/w GO-loaded 
NLC formulation. The small figure on the top left 
was shown to expand the cumulative amount per 
unit area（μg/cm2）of γ-oryzanol released from NLC 
over 24 h of extract-loaded NLC formulation 
compared  to  0 .01％  w /w  GO- loaded  NLC 
formulation.
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outer shell of lipid nanoparticles after crystallization of 
solid lipid. The liquid lipid at the outer shell directly related 
to the amount of lipophilic drug that dissolved in liquid 
lipid at the outer shell. Hence, the release profile normally 
showed faster release at the initial state. The second state 
was the prolonged release, which caused by slower diffu-
sion of the drug from the inside of the nanoparticles. The 
solid matrix of NLC decelerated the release following the 
Stokes-Einstein law of diffusion22）. The Higuchi model is 
normally used to describe the release profile of drugs26）. In 
this study, the Higuchi model could be applied to 1％ w/w 
GO-loaded NLC formulation. The faster release was ob-
tained at the first eight hours, especially for the first two 
hours. Then, the prolonged release was observed. However, 
for extract-loaded NLC formulation and 0.01％ w/w GO-
loaded NLC formulation, the release profiles did not display 
to follow the Higuchi model. This could be explained by the 
small amount of γ-oryzanol in both formulations or the re-
leasing time was not long enough to figure out if these 
release profiles followed the model. The release profiles of 
both formulations showed lower for the first two hours and 
increased almost constantly for 24 h. This suggested that 
no enrichment of γ-oryzanol in the outer shell of the NLC 
particles and the release profiles only presented the pro-
longed release of γ-oryzanol from the inside of the particles.

4  CONCLUSION
Extraction of Leum Pua glutinous rice bran by using 

hexane as extraction solvent gave the highest percent of 
γ-oryzanol, although methanol gave the highest percent 
yield of rice bran oil. This was due to the polarity of hexane 
that was suitable for dissolving γ-oryzanol more than iso-
propanol and methanol. Moreover, methanol extract had 
less variety of lipid compositions compared to isopropanol 
extract and hexane extract. After preparing NLC formula-
tions, it found that the particle size of extract-loaded NLC 
was slightly higher than GO-loaded NLC. Nevertheless, 
both NLC formulations were stable at 4℃ and room tem-
perature for at least 3 months. The encapsulation efficiency 
of all formulations was almost 100％ due to high lipophilic-
ity of γ-oryzanol. The release profile of extract-loaded NLC 
formulation showed slightly higher than GO-loaded NLC 
formulation. This might be explained by various lipid com-
ponents in the extract compared to GO-loaded NLC that 
had only two types of lipids. However, both release profiles 
did not follow the Higuchi model because of the small 
amount of γ-oryzanol in NLC formulations. Also, the burst 
release was not found for both formulations.
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