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Abstract. Pterostilbene, being extracted from many plants, has significant biological activities in
preventing cancer, diabetes, and cardiovascular diseases so as to have great potential applications in
pharmaceutical fields. But the poor solubility and stability of pterostilbene strictly restrained its applica-
tions. As a good protection and oral delivery system, an optimal nanoemulsion for pterostilbene was
developed by using low-energy emulsification method. Systematic pseudo-ternary phase diagrams have
been studied in optimization of nanoemulsion formulations. The prepared pterostilbene nanoemulsion
was characterized by transmission electron microscope, Fourier transform Raman spectrum, and laser
droplet size analyzer. Nanoemulsion droplets are circular with smooth margin, and the mean size is 55.8±
10.5 nm. The results illustrated that the nanoemulsion as oral delivery system dramatically improved the
stability and solubility of pterostilbene, and in vitro release of pterostilbene was significantly improved
(96.5% in pH 3.6 buffer; 13.2% in pH 7.4 buffer) in comparison to the pterostilbene suspension (lower
than 21.4% in pH 3.6 buffer; 2.6% in pH 7.4 buffer).

KEY WORDS: 3,5-dimethoxyl-4′-hydroxystilbene; nanoemulsion; pseudo-ternary phase diagram;
pterostilbene; release study.

INTRODUCTION

Pterostilbene (trans-3,5-dimethoxyl-4′-hydroxylstilbene,
structure shown in Fig. 1), a kind of phytoalexin and belonging
to the stilbenoid compound (1), was found existing in many
plants and fruits. When first isolated from red sandalwood (2),
pterostilbene was extracted from Pterocarpus santalinus (3)
and in succession found in proplis (4), leaves of Vitis vinifera
(5), dark red heart wood of Pterocarpus marsupium (6),
Vaccinium berries (7), fungal-infected grape berries of varie-
ties Chardonnay, Pinot Noir (8), Dracaena cochinchinensis
(Lour.) in China, Yunnan (9) and Jacareubin in Brazil (10).
Pterostilbene has over the years attracted the attentions of
researchers due to the broad range of biological activities. In
India, pterostilbene was used in Ayurvedic medicines which
are known as age-old herbal preparations, being prescribed
for diabetes, cardiotonic, and other disorders (11). Recent
researches revealed that pterostilbene had great effect on
inducing HeLa cell apoptosis in human neutrophils (12),
preventing azoxymethane (AOM)-induced colon tumorigene-
sis (13,14) and anti-cancer abilities including gastric cancer

cells (15), B16 melanoma cells (16), multi-drug resistant leu-
kemia cells (17), lung cancer cells (18), and breast cancer cells
(19). Obviously, pterostilbene has great potential value in the
applications of pharmaceutical and nutrition food, but the
poor water solubility and stability of pterostilbene would se-
riously limit its applications and in vivo bioavailabilities. Es-
pecially, pterostilbene is unstable with light and air because
phenolic hydroxyl can be easily oxidized and its trans config-
uration can transform to cis configuration which exhibits no
significant activity. Hence, it is important to find a suitable
delivery system for improving the solubility and stability of
pterostilbene to gain the reasonable biological effect.

Nanoemulsions are non-equilibrium system and possess
kinetic stability in a long period with a remarkable small
droplet size (below 200 nm) (20). It is a most concerned
delivery system in pharmaceutical applications because of
the ability of solubilizing water-insoluble drugs (21) and the
intensified bioavailability of drugs by dispersing them into
extremely small particles to greatly increase the solubility
and permeability of drugs (23,24). Drug placed in
nanoemulsion droplet is free from air, light, and hard environ-
ment; therefore, as a delivery system, nanoemulsion can not
only improve the bioavailability of drugs but also protect them
from oxidation and hydrolysis, while it possesses an ability of
sustained release at the same time (22). Nanoemulsions can be
prepared by methods of high-energy emulsifying and low-
energy emulsification which include phase inversion composi-
tion (PIC), phase inversion temperature (PIT), and self-emul-
sifying method (25). The low-energy emulsifying method
possesses great advantages of lesser physical destruction of
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active agents, smaller size of droplets, better phase behavior,
and more convenient industrial scale-up than high-energy
emulsifying methods (26–28). Of the low-energy emulsifying
methods, PIC method has been the most commonly used. In
the PIC process, the stability and droplet size are greatly
influenced by oil/surfactant ratio, hydrophile-lipophile bal-
ance (HLB) of surfactants, and fractions of components in
the system (29,30). In general, optimum formulation was se-
lected on the basis of pseudo-ternary phase diagrams. The
nanoemulsion region would be the basis for the selection of
the formulation (31).

The present study aimed at developing an optimal O/W
pterostilbene nanoemulsion by the PIC method on the basis of
minimum surfactant concentration with increases the solubil-
ity, stability, and the release performance of pterostilbene. The
nanoemulsion as a drug delivery system for pterostilbene,
including the formulation and in vitro release evaluation, has
not been reported by literature so far.

MATERIALS AND METHODS

Pterostilbene (99%, HPLC) used in this study was syn-
thesized in our laboratory according to the literature (32).
Polyoxyethylene sorbitan fatty acid esters (Tween-80) and
polyoxyethylenated castor oil (EL-40) were purchased from
Tianjin Guangfu Chemical Reagent Development Center,
Tianjin, China. Fatty alcohol-polyoxyethylene ether (AEO-
7) was bought from Jinpeng Chemical Co., Shijiazhuang, Chi-
na. Isopropyl myristate (IPM) was bought from Shanghai
Leasun Chemical Co. Ltd., Shanghai, China. Methanol used
in HPLC was chromatographically pure and purchased from
Kangkede Co., Tianjin, China. Other chemical reagents were
all of analytical grade and purchased from Modern Reagent
Co., Shijiazhuang, China. Oils were all of food grade and
purchased from COFCO, Tianjin, China. Dialysis bags were
bought from Yuanye Biological Science Company, Shanghai,
China. Chemical reagents and oils were used directly without
further purification. Water was twice distilled.

Solubility Tests

The excess amount of pterostilbene was added to
2 mL of each selected component (or a nanoemulsion
system) in a stoppered vial at 37±1°C for 72 h, respec-
tively. Then, the vials were centrifuged at 3,000 rpm for
15 min. To determine the maximum solubilities of
pterostilbene in different components, triplicated superna-
tants were measured by HPLC.

Selection of Surfactant and Cosurfactant

Pseudo-ternary phase diagrams were constructed by
aqueous titration method. Certain amount of pterostilbene
dissolved in cosurfactant in a vial at 25±5°C. The solution of
cosurfactant and pterostilbene was dropped into the vial con-
taining oil medium and surfactant and was thoroughly mixed.
Water was added continuously to the above mixture. As water
amount increases, the system varied from clear to viscous, and
liquid crystals appeared. In proceeding with the addition of
distilled water, the system changed from viscous to a stable,
colorless, and transparent or translucent liquid with Tyndall
effect being observed. These bluish and transparent mixtures
were designated as nanoemulsions, and opaque mixtures were
designated as normal emulsions (33). Note down the mass
percentage of all components corresponding to the phase
inversion point where the system changed from clarity to
turbidity or from clarity to thickness or back again from
thickness to clarity. Physical states of emulsions were marked
on a pseudo three-component phase diagrams, with one axis
representing the aqueous phase, the other one representing
oil, and the last one representing a mixture of surfactant and
cosurfactant at fixed mass ratios.

IPM was used as the oil phase on the basis of former
solubility studies. In view of the soluble ability of three
surfactants at the same order of magnitude gained from the
former studies, they were all used as surfactant candidates in
a formulation screening test. The surfactant candidates
matched with different cosurfactants to look for a better
combination. The common cosurfactants used in the oral
formulation are alcohols with a short carbon chain. We chose
ethanol, ethylene glycol, i-propanol, 1,2-propylene glycol,
and n-butanol as cosurfactants. Three surfactants were com-
posite grouped with cosurfactant candidates basing on spe-
cific mass ratios of surfactant and cosurfactant (Km) from
1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2 to 9:1, respectively, with the
total quantity of mixture being 1.0 g. The mass ratio of IPM
to the mixture of surfactant with cosurfactant (Smix) at spe-
cific Km was also varied from 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2
to 9:1 for phase studies. Surfactant and cosurfactant were
screened depending on the nanoemulsion region and range
of mass ratio from each of the constructed phase diagram.
First, the mass ratio of Smix to oil (IPM) was fastened to 9:1
to observe the formation of nanoemulsion with the value of
Km changing. The surfactant possessing a strong emulsifying
ability with several cosurfactants under a wide range of Km
was selected to be used in the formulation. Second, the phase
diagrams were established by changing the mass ratio of
Smix to IPM under several fixed Kms, and the screening of
cosurfactant was depended on the size of the nanoemulsion
region.

After the screening of surfactant, cosurfactant and a pre-
liminary selection of Km on the basis of phase diagrams were
conducted. Surfactant (EL-40) was coupled with ethanol in
four groups under different fixed mass ratios of Km (6:1, 5:1,
4:1, or 3:1), and the total quantity of mixture was still main-
tained to 1.0 g. For each group, IPM was added and mixed
well with surfactant and cosurfactant. The mass ratio of Smix
to oil was kept ranging from 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2 to
9:1. Phase diagrams under different fixed mass ratios of Km
(6:1, 5:1, 4:1, or 3:1) were developed.

Fig. 1. Structure of pterostilbene

1001Nanoemulsion for Solubilization, Stabilization, and Release



Screening for an optimal nanoemulsion formulation, parti-
cle size distribution is another important problem because the
small size of droplet is in favor of the dispersity and bioavail-
ability of the drug. Kmandmass ratio of Smix to oil were needed

to adjust so as to obtain an optimal formulation possessing an
ideal particle size in a narrow distribution. Basing on the former
selection, Km and the ratios of Smix to oil were changed in a
narrow range to observe the size distributions of a droplet.

Fig. 2. Solubilities of pterostilbene in different components and nanoemulsions, n=3

Fig. 3. Ternary phase diagrams of selected nanoemulsion at fixed Km; L2 O/W nanoemulsion area
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Determination of Physico-chemical Parameters

The type of nanoemulsion was identified by a staining
method with observing diffuse velocity of staining agents
methylthionine chloride and Sudan red (34). Transmission
electron microscopy (TEM, H-7650, Hitachi, Japan) was used
to monitor the morphology of nanoemulsion droplets. The
nanoemulsion was diluted for 400 times by water and dyed
by phosphomolybdic acid. The sample was observed on the
copper grid. Droplet size distribution was determined by a
laser scattering analyzer (Nano-S90; Malvern, UK). Samples
were diluted for 400 times by water and observed at absor-
bance and refractive index beings. Fifty microliters of the
prepared nanoemulsion were diluted with water to 20 mL.
The light-scattering angle was recorded at 90°, and tempera-
ture was maintained at 25°C. During the measurement, aver-
age particle count rate was maintained between 50 and
500 kcps. Fourier transform Raman analyses were performed
on a FT-Raman spectroscopy (MultiRam, Bruker, America)
at a laser 350-mW scanning from 50 to 4,000 cm−1. The
amount of pterostilbene in experiments of solubility, stability,
and in vitro release was detected by HPLC (LC-20AT VP,
Shimadzu, Japan). The mobile phase was a mixture of
methanol and distilled water (V/V=60/40). The HPLC
column was a Phenomenex Luna-C18 (250×4.6 mm, 5 μm).
The flow rate was 1.0 mL•min−1, the detection wavelength
was 319 nm, and the sample injection volume was 10 μL. The

value of pH was determined by acidimeter (pH-FE20, Mettler
Toledo, Switzerland). Refractive index was measured by
Abbe refractometer (WYA-2s, Kaertesi, China). Viscosity of
nanoemulsion was directly examined without dilution by a
viscosimeter (DV-II, Brookfield, America).

Stability Assessment

In order to observe the stability of the prepared formu-
lation and avoid metastable system, various stability studies
like bearing centrifugation, heat, humidity, and light irradia-
tion were investigated. After centrifugation, if no instability of
pterostilbene nanoemulsion such as phase separation, crack-
ing, or creaming was observed, it would be assessed with other
stabilities according to the regulations of Chinese Pharmaco-
poeia (35) including high-temperature, high-humidity, and
hard light irradiating tests. The prepared pterostilbene
nanoemulsion was performed, centrifuging test at 10,000 rpm
for 2 h and followed by an examination for phase. Then,
nanoemulsion was kept at a certain circumstance of 60±2°C,
RH 92.5±5%, or hard light irradiating (4,500±500 lx) for
specific times. Samples were withdrawn after specified time
intervals (0, 5, and 10 days) and examined for phase separa-
tion, mass variations under high humidity, and contents of
pterostilbene under high temperature and hard light irradiat-
ing. In addition, the droplet size of nanoemulsion was ob-
served under the same conditions.

Fig. 4. Pseudo-ternary phase diagrams indicating O/W nanoemulsion region at different Km ratios; L1 W/O nanoemulsion area, L2 O/W
nanoemulsion area, H1 viscous but clarified area, H2 viscous but opacified area, M ordinary emulsion area, W turbid area
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In Vitro Release Performances

Two milliliters of nanoemulsion (containing about 30 mg
of pterostilbene) was mixed with 1-mL acetate buffer solution
(ABS) or phosphate buffer solution (PBS) simulating gastric
and intestinal conditions in a dialysis bag (Spectrum
MW1000). The bag was placed in a shaking basket which
was immersed in 60-mL ABS or PBS at 37±0.5°C with con-
tinuous shaking. In accordance with the selected time intervals
(0.5, 2, 6, 10, 12, 18h, 24, 36 h), 5 mL of release medium was
taken out, and the equivalent fresh buffer solution which had
been warmed at 37±0.5°C was added to maintain the total
volume unchanged. The content of pterostilbene in samples
was analyzed by HPLC, and the accumulating release degree
was calculated. Release behavior of nanoemulsion was com-
pared with that of plain pterostilbene suspension (30 mg of
pterostilbene).

RESULTS

The soluble performances of pterostilbene in different
components and nanoemulsion are shown in Fig. 2.

Figures 3 and 4 are a visualized disclosure of the
emulsification efficiency of Smix with oil in several settled
Kms.

The physico-chemical properties and morphology of
nanoemulsion are shown in Table I and Fig. 5, respectively.

Nanoemulsion droplets are circular with smooth margin. Light
color on the edge of the droplet is a shell caused by the orient
arrangement of surfactants, and the darken core means that
pterostilbene is embedded.

FT-Ramon spectroscopy is used to determine the
nanoemulsion due to the faint Raman scattering of water
and having non-destructive impact on nanoemulsion. As
shown in Fig. 6, because the surfactant (EL-40) and cosur-
factant (ethanol) have no clear characteristic scattering ab-
sorbance, pterostilbene and nanoemulsion have almost the
same scattering peaks. The scattering characteristic peak of
weak aromatic C–H vibrating appears at 3,035 cm−1. The
intensified peaks of nanoemulsion from 2,800 to 3,100 cm−1

are observed owing to many methyl and methylene groups
existing in surfactant and cosurfactant. The scattering
characteristic peaks at 1,587 and 1,631 cm−1 are attributed
to the conjugating aromatic ring of stilbene and trans-double
carbon bond, respectively. There is an out-of-plane bending
vibration peak of trans-arylolefin at 995 cm−1, and the peak
of 1,280 cm−1 indicates that methoxyl groups of pterostilbene
exist . FT-Raman spectra i l lustrated that the drug
encapsulated in nanoemulsion droplets is pterostilbene.

After centrifugation at 10,000 rpm for 2 h, any creaming,
cracking, crystal precipitation, or phase separation was not
found, indicating an excellent phase stability of the
nanoemulsion. The results of other hard condition stability
tests are shown in Table II.

The dynamic dialysis method was applied in the in vitro
release test of nanoemulsion. Data obtained here were man-
aged by calibration curve method to acquire a concentration
corresponding to each time interval. The accumulated amount
of pterostilbene released from the dialysis bag was obtained
from Eq. 1.

Qt ¼ C1V0 þ C0:5 þ C1 þ…þ Ct−1ð Þ V ð1Þ

Where Qt stands for the accumulated amount of
pterostilbene released from the dialysis bag; Ct is defined as
the concentration of pterostilbene at t (time) in nanoemulsion

Table I. Physico-chemical Parameters of Nanoemulsion (Mean±S.D.,
n=3)

Parameter Results

Structure type O/W
pH 5.87±0.01
Refractive index 1.3841±0.002
Viscosity/mPa·s 241.3±0.02
Mean size/nm 55.8±10.5

O/W oil/water nanoemulsion

Fig. 5. TEM of pterostilbene nanoemulsion
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or pterostilbene suspension in buffers; V0 is the total volume
of buffer solution; V is the volume of sample being taken out.
The performances of in vitro release under different condi-
tions are shown in Fig. 7.

DISCUSSIONS

Solubility of drug has a great influence on nanoemulsion
formulation (33). Therefore, it is necessary to realize the
solubilities of pterostilbene in different agents, including oil
media, non-ionic surfactants, and water. Oils frequently used
such as castor oil, IPM, and ethyl oleate were selected as oil
candidates in the formulation. HLB of surfactant closely re-
lated with the selection of the suitable emulsifier for a given oil
phase and should be seriously considered (36). If the HLB of
emulsifier could match well with oil, the best emulsification
would be realized, and nanoemulsion would be formed with
much small droplets (37). For obtaining oil/water (O/W)-type
nanoemulsion, the HLB of emulsifier should be from 8 to 18.
Therefore, non-ionic surfactant candidates EL-40, Tween-80,
and AEO-7 with HLB values of 13, 15, and 12, respectively,
were selected as surfactants in this experiment, and determi-
nation of oil phase would depend on the solubilities of

pterostilbene because a high solubility of drug in the oil phase
implies a strong carrying capacity of drug in the solubilized
form of the nanoemulsion. As seen from Fig. 2, IPM shows
considerable soluble ability for pterostilbene and was selected
as the oil phase. Here, three kinds of surfactants (EL-40,
Tween-80, and AEO-7) also show an acceptable solubility of
pterostilbene; and on further studies, the favorite one will be
selected. As illustrated by the results, pterostilbene showed
extremely poor solubilities in water, acetate buffer, and phos-
phate buffer, this enhances the importance of developing a
new delivery system for pterostilbene. The nanoemulsion for-
mulation consisted of surfactant, oil, and drug should have a
good solubility for the drug (27). Also shown in Fig. 2, the
solubility of pterostilbene in the selected model nanoemulsion
formulation is approximately 2,200 times of that in water.
Therefore, the solubility of pterostilbene was greatly en-
hanced by nanoemulsion.

A binding of surfactant and cosurfactant possessing an
appropriate HLB value contributes to adjusting the interfacial
tension to acquire a favorable emulsifier (38,39). HLBs of
AEO-7, EL-40, and Tween-80 range from 12 to 16, consider-
ing the biocompatibility; all these three components can be
used as surfactant candidates in O/W nanoemulsion formula-
tions. Pseudo-ternary phase diagram is an intuitionistic meth-
od to realize a preliminary screening of surfactant and
cosurfactant for nanoemulsion formulation. A range of cosur-
factants can be arranged in pairs with surfactants, and the
emulsification efficiency (nanoemulsion region area) would
come to the selection perspective. As seen from Fig. 3, when
IPM is selected as oil phase, EL-40 and Tween-80 can arrange
more kinds of cosurfactants in pairs to generate nanoemulsion
than AEO-7, and EL-40 matches well with ethanol, ethylene
glycol, or 1,2-propylene glycol in a wider range of Km than
AEO-7 or Tween-80. Although EL-40 has the best perfor-
mance of all the cosurfactants, ethylene glycol was still
discarded due to the risk of its potential biological toxicity.
n-Butyl alcohol has a larger nanoemulsion region at Km of 9:1
or 8:2, but no phase inversion appears at Km of 7:3 or 6:4.
Although 1,2-propylene glycol enjoys considerable advantage
over ethanol in Km (6:4), it cannot compete with ethanol in
the stability of formed nanoemulsion. In a subsequent study,
nanoemulsion prepared by using 1,2-propylene glycol was not
good enough to store because of pterostilbene flocculation
and precipitation from nanoemulsion after 20 days. Ethanol
is the most readily available cosurfactant with no irritation and
toxicity to human body and has justifiable performance with

Fig. 6. FT-Ramon spectra of pterostilbene and nanoemulsion

Table II. Stabilities of Pterostilbene Nanoemulsion (Mean±S.D., n=3)

Test items

Mass/g Content/%

Mean size/nmPterostilbene Nanoemulsion Pterostilbene Suspensiona Nanoemulsion

0 day 10.4819±0.0011 11.3476±0.0021 99.2±0.1 99.2±0.1 99.2±0.1 57.13±5.67
60°C, 5 days – – 97.9±0.2 97.3±0.1 98.7±0.1 58.07±4.65
60°C, 10 days – – 97.4±0.1 97.0±0.1 98.5±0.2 59.55±7.83
92.5% humidity, 5 days 10.4825±0.0017 11.3480±0.0019 – – – 57.94±5.82
92.5% humidity, 10 days 10.4838±0.0020 11.3482±0.0015 – – – 58.94±6.78
4,500±500 lx, 5 days – – 96.2±0.2 96.0±0.1 98.0±0.3 58.01±3.95
4,500±500 lx, 10 days – – 95.8±0.2 94.6±0.1 97.9±0.1 58.89±5.94

a Pterostilbene was suspended in water
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being arranged EL-40 in pairs to generate phase inversion.
With taking a comprehensive view, we select EL-40 as the
surfactant and ethanol as the favorable cosurfactant to devel-
op the nanoemulsion formulation.

As seen from Fig. 4, when Km was adjusted to 3:1, the
maximum amount of emulsified oil is 11.1% (w/w) with Smix of
25.9% (w/w); the nanoemulsion region somewhat extends with
Km increasing to 4:1, and the amount of oil emulsified increases
slightly near to 12.6% (w/w) with Smix of 29.4% (w/w); howev-
er, when Km is adjusted to 5:1, the maximum amount of oil that
can be emulsified decreases to 11.3% (w/w) with 26.4% (w/w) of
Smix. Upon further increasing the proportion of surfactant to
Kmof 6:1, it is observed that the amount of oil emulsified slightly
increases again to 13.5% (w/w) with Smix of 31.7% (w/w).
Although a largest amount of oil can be emulsified when Km
is taken as 6:1, in comparison with the other three, the region of
nanoemulsion is the smallest. The largest nanoemulsion area
appears when Km is taken as 3:1, but the amount of oil that can
be emulsified is not enough (11.1%). The other two almost have
the equal area but possess very different ability of emulsion.
According to the nanoemulsion region areas reflected by phase
diagrams and the amount of oil emulsified by minimum amount
of emulsifier, we preliminarily selected the Km as 4:1.

The mass ratio of Smix to oil under a sort of fixed Km is a
main factor impacting on the size of droplet. Increase of
emulsifier would result in increased adsorption around the
oil-water droplet interface and decreased interfacial tension

in the system to form nanoemulsion with smaller droplets (40).
For the ideal droplet size distribution, the interfacial tension,
which is directly relevant to Km and ratio of Smix to oil,
should be adjusted to a favorable level. With the preliminary
selected Km (4:1), nanoemulsion were prepared separately at
different mass ratios of Smix to oil (3:1, 4:1, 5:1), and size
distributions of droplets observed by light-scattering studies
are shown in Fig. 8. At the mass ratio of Smix to oil of 3:1, the
particle size distribution is showed as two branches, one
branch with considerable amount of droplets in the range of
25–70 nm, the other branch with a range of 4,000–7,000 nm,
implying that oil cannot be completely emulsified due to the
deficiency of emulsifier. At a mass ratio of Smix to oil of 4:1,
the nanoemulsion possesses a narrow droplet size distribution,
and the mean size is 55.8 nm. Trying to get smaller droplets,
the mass ratio of Smix to oil is adjusted to 5:1; there are two
branches that appeared, and the mean droplet size decreases
to 27.6 nm, with one of the branches in the range below
10.0 nm, it is still unreasonable because the droplet is too
small to encapsulate pterostilbene. Upon further increasing
the mass ratio to 6:1, two branches are still obtained, indicat-
ing a sharp decrease in interfacial tension. Overdose of emul-
sifier would produce a liquid crystalline phase leading to a
higher droplet size when IPM was used as oil, it has been
reported elsewhere (41). Therefore, under the fixed Km
(4:1), the favorable mass ratio of Smix to oil is selected as 4:1.

An O/W nanoemulsion formulation containing EL-40
33.6%, ethanol 8.4%, IPM 10.5%, and water 47.5% (mass
ratio) was selected based on pseudo-ternary phase diagram,
stability, optimum droplet size, and lower concentration of
emulsif ier, contributing to lower toxicity for oral
administration.

As seen from Table II, mass loss of nanoemulsion under
high humidity condition after 10 days is rather small compared
with that of plain pterostilbene. The content of plain
pterostilbene after 10 days varied clearly under high temper-
ature and hard light irritation test, so the number is 1.8 and
3.4%. Especially, the content tended to decrease rapidly when
pterostilbene was suspended in water after 10 days. On the
contrary, nanoemulsion is more stable, and the decreases of
content are 0.7 and 1.3%, respectively, at the same conditions.
In addition, there is no phase separation, and the size distri-
bution of droplets has no clear variation under all the test
items. Therefore, nanoemulsion as a delivery system for
pterostilbene has a great advantage on improving the stability
of pterostilbene.

Pterostilbene suspension shows an unsatisfied releasing
results neither in ABS (pH 3.6) nor in PBS (pH 7.4), with

Fig. 7. In vitro release tests of pterostilbene and nanoemulsion in
different buffer solutions, n=3

Fig. 8. Size distribution studies of nanoemulsion under different ratios of Smix to oil (Km=4:1)
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21.23 and 2.81%, respectively, within 24 h. It may be caused by
the poor solubility of pterostilbene in water and buffers (seen
from Fig. 2). In comparison, the maximum release of
pterostilbene from nanoemulsion in ABS (pH 3.6) can achieve
96.25% in 24 h; more than 60% of pterostilbene is released
from nanoemulsion in the initial 20 h. After 30 h, the release
of pterostilbene from nanoemulsion reduces, it is probably
caused by the degradation of pterostilbene because many
impurity peaks were detected by HPLC. In PBS (pH 7.4),
the release of nanoemulsion is also significantly improved,
the maximum release increases from 2.81 to 15.05% within
24 h. In comparison, though degrading happened at the same
time (24 h) in ABS (pH 3.6), the decreased ratio of
nanoemulsion (about 2.8%) is markedly lower than plain
pterostilbene suspension (about 47.57%) within 36 h; in PBS
(pH 7.4), the degradation of pterostilbene suspension hap-
pened at 12 h whereas of nanoemulsion is observed at 24 h.
The unsatisfactory result at pH 7.4 is likely caused by the
lower soluble performance at pH 7.4 than at pH 3.6. Low
solubility may lead to congestion of the membrane channel
resulting in a small amount of release. Equilibrium of dialysis
may be another reason for a less release because it would limit
the release from the bag. Even so, comparing with the control
pterostilbene, it is obvious that nanoemulsion, as a delivery
system, significantly improves the release performance of
pterostilbene, and it is further expected to effect on the bio-
availability of pterostilbene.

CONCLUSION

Nanoemulsion, used as a delivery system to improve the
solubility, stability, and control release of pterostilbene, was
investigated in this paper. Pterostilbene has significant biolog-
ical activities and great potential applications in pharmaceuti-
cal fields. The prepared nanoemulsion droplets are circular
with smooth margin, and the mean size is 55.8±10.5 nm. The
solubility, stability, and control release tests illustrated that the
nanoemulsion delivery system dramatically improved the sta-
bility and solubility of pterostilbene, and in vitro release of
pterostilbene was significantly improved in comparison to the
pterostilbene suspension.
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