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Cardiovascular diseases are the world’s largest killers. Tra-
ditional Chinese Medicine has special advantages in treating
cardiovascular diseases, such as low toxicity and well-known
therapeutic effects. Breviscapine is a flavone glucuronide 
extracted from a Chinese herb Erigeron breviscapinus
(VANT.) HAND.-MAZZ.1) It is widely used in the treatment of
angina pectoris, coronary heart disease, cerebral infarction
and its sequelae. It contains mainly scutellarin (4�,5,6-
tetrahydroxyflavone-7-O-glucuronide, primary active ingre-
dient) (for chemical structure see Fig. 1) and little apigenin-
7-O-glucuronide. Scutellarin, the major active component of
breviscapine, has low aqueous solubility, poor chemical sta-
bility, short biological half-life and rapid elimination rate
from the plasma.2,3) Breviscapine and its preparation (Injectio
Breviscapine) were listed in the Pharmacon Criteria (Chinese
Traditional Patent Medicine). Injectio Breviscapine is aque-
ous solution of water-soluble salt of breviscapine.

Nanoparticles-based drug delivery systems have consider-
able potential for treatment of cardiovascular diseases. The
important technological advantages of nanoparticles used as
drug carriers are high efficiency targeting to infracted my-
ocardium,1,4—6) high carrier capacity,7) feasibility of incorpo-
ration of both hydrophilic and hydrophobic substances.8,9)

These properties of nanoparticles enable improvement of
drug bioavailability10) and reduction of the dosing frequency.
Among drug carriers, lipid emulsion as drug carriers com-
bine advantages of polymeric nanoparticles, liposomes and

micelles. Furthermore lipid emulsion can be produced on
large industrial scale and sterilized by autoclaving but avoid-
ing drug leakage from carriers like liposomes.11,12) The use of
a lipid emulsion formulation containing breviscapine might
improve the chemical stability, increase drug loading, de-
crease irritation on the surrounding tissue as well as control
and modify its pharmacokinetics and tissue distribution. In
the present study, we developed an optimized formulation
and technological method for the preparation of sterile and
stable breviscapine lipid emulsion (Bre-LE) for intravenous
infusion. The characterization and biodistribution in heart of
Bre-LE was also researched.

Experimental
Materials Breviscapine was provided by Jiangsu Chia-tai Tianqing

Pharmaceutical Co., Ltd. (Jiangsu, China). Scutellarin standard (purity
�98%) was purchased from National Institute for the Control of Pharma-
ceutical and Biological Products (Beijing, China). Lipoid E80 (egg yolk
lecithin with 80—85% of phosphatidylcholine) was purchased from Lipoid
GmbH (D-Ludwigshafen, Germany). Poloxamer 188 was purchased from
BASF (China) Co., Ltd. (Shanghai, China). Triton X-100 was purchased
from Sigma. Injectio Breviscapine, which is an injection solution of scutel-
larin (20 mg/5 ml) was produced by Gejiu Bio-Medicine Industry Ltd. (Yun-
nan, China). Other chemicals used were of analytical grade.

Preparation of Bre-LE Bre-LE was prepared as follows. The oil phase
was prepared by dissolving scutellarin (0.04%) in the mixture of required
amounts of Lipoid E80, oleic acid, vitamin E (abbreviated VE) (0.6%) and
soybean oil using a sonicator (B5200S-DT Sonicator, Branson Ultrasonics
Co., Ltd., Shanghai, China). To make the aqueous phase, required amounts
of Poloxamer 188 dissolved in a mixture of glycerol (2.25%) and double dis-
tilled water. A preemulsion was prepared by mixing the oil phase and the
aqueous phase with a constant speed stirrer (XHF-1 Stirrer, Shanghai Xinda
BioChem Instrument Co., Ltd., Shanghai, China). Final emulsification was
completed by passing the preemulsion through a homogenizer (EmulsiFlex-
05 High Pressure Homogenizer, Avestin Inc., Canada) and autoclaved. The
formulation and technological parameters of breviscapine lipid emulsion
were optimized on the basis of univariate analysis and orthogonal experi-
ment design as shown in Table 1. Composite grade method was used to eval-
uate the preparation. The composite grade index (S) was calculated accord-
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Fig. 1. Chemical Structure of Scutellarin



ing to the following equations:

S�(S1�S2�S3�S4)/4

S1�[(Dmax�D)/(Dmax�Dmin)]�100%

where D is the particle size; Dmax is the maximum particle size among all 
results of orthogonal experiment; Dmin is the minimum particle size among
all results of orthogonal experiment;

S2�[(PImax�PI)/(PImax�PImin)]�100%

S3�[(|z |�|z |min)/(|z |max�|z |min)]�100%

S4�[(Ks max�Ks)/(Ks max�Ks min)]�100%

where PI, |z | and Ks are polydispersity index, absolute value of zeta potential
and stability constant, respectively. Analogously, “max” and “min” presents
the maximum and minimum of each evaluation index, respectively.

Measurement of Size Distribution and Zeta Potential Particle size
and width of the distribution (polydispersity index, PI) were determined by
photon correlation spectroscopy (MasterSizer 3000, Malvern Instruments
Co., Worcestershire, U.K.). Data were analyzed in terms of intensity, volume
and number distributions and reported as z-average diameter. The zeta 
potential (z) was obtained by measuring the electrophoretic mobility
(Malvern Zetasizer 3000, Malvern Instruments Co., Worcestershire, U.K.).
The laser in this equipment was operated at 532 nm using a 90° angle 
between incident and scattered beams. All samples were diluted 100 times
by 2.25% glycerin at 25 °C.

Measurement of Stability Constant (Ks) Stability constant was deter-
mined by centrifugation-spectrophotometry method.13) In details, 5 m l sam-
ple was centrifuged at 4000 rpm for 15 min. 0.1 ml supernatant before and
after centrifugation was diluted to 10 ml by water. Then the absorption of di-
luted sample was determined by spectrophotometry with detection wave-
length at 500 nm and water blank as a reference. The stability constant
Ks (%)�(A0�A)/A0�100%. A0 was the absorption of dilution suspension of
supernatant before centrifugation. A was the absorption of dilution suspen-
sion of supernatant after centrifugation.

In Vitro Drug Release In vitro release in phosphate buffered saline (ab-
breviated PBS) is at pH 7.4 and fresh rat plasma were evaluated using a dial-
ysis bag diffusion technique. The mixture of 1 ml Bre-LE and 1 ml PBS or
fresh rat plasma were placed in dialysis bag (8000—10000 molecular weight
(MW) cutoff, 25 mm, Sigma) and immersed in 150 ml normal saline stirred
continuously at 37 °C. Aliquots of 2 ml dissolution medium were removed
and the same volume of fresh dissolution medium was added periodically.
Twenty microliters aliquots were measured by HPLC.

Determination of Scutellarin in Normal Saline and Bre-LE by Re-
verse Phase (RP)-HPLC Assay The concentration of scutellarin in Bre-
LE was measured by RP-HPLC with dissolving Bre-LE in 10% Triton X-
100 in ethanol for breaking emulsion. A 20 m l aliquot of the supernatant
fluid of broken Bre-LE or scutellarin sample in normal saline was injected
into HPLC for assay. The chromatographic system14) consisted of a Waters
510 HPLC pump and a Waters 486 Absorbance UV detector (Waters Corp.,
Milford, MA, U.S.A.). The wavelength of this detector was set to 335 nm.
The HPLC system was controlled by a computer employing the Millennium
2010 ChemStation software. The analytical column was a reverse phase Hy-
persil C18 column (250�4.6 mm, 5 mm particle size; Dalian Elite Analytical
Instrument Co., Ltd., Dalian, China) maintained in a column oven (Timber-
line Instruments, Boulder, CO, U.S.A.). The mobile phase was composed of
methanol–water–glacial acetic acid (40 : 60 : 1). Elution was performed iso-
cratically at 40 °C at a flow-rate of 1.0 ml/min.

Dilution Stability and Long-Term Stability To investigate the ability

of carriers to protect drug from degradation after dilution by PBS (pH 7.4)
and PBS containing 10% fetal calf serum, Bre-LE without VE (Bre-LE-1)
was used. The same procedures were applied for preparing Bre-LE-1 as it
for Bre-LE except for no VE added to the oil phase. Breviscapine solution
(Bre-Sol) was also prepared as control just before used. In details, 40 mg of
breviscapine dissolved in 5 ml double distilled water with 17 mg NaHCO3 as
pH adjuster. After drug dissolved, this solution was diluted with normal
saline to 100 ml. Dilution stability experiment as follows: Bre-LE-1 and Bre-
Sol were diluted 10-fold with PBS or 10% fetal calf serum at 37 °C. The
samples were withdrawn at appropriate intervals and prepared as refer-
ence.14) The scutellarin remained in the diluted samples was determined by
HPLC.

Long-term stability of Bre-LE was evaluated after storage at room tem-
perature for up to 6 months. The particle size, polydispersity index, zeta po-
tential, stability constant Ks and content of scutellarin in Bre-LE were deter-
mined as a function of the storage time. The content of scutellarin was deter-
mined by HPLC. The particle size, polydispersity index, zeta potential and
stability constant Ks were measured as described previously.

Biodistribution of Bre-LE in Heart Kunming mice with an average
weight of 20 g were used in this study. The mice were divided into two
groups of three to five animals. Breviscapine lipid emulsion and Injectio
Breviscapine were injected intravenously into the tail vein of the mice
(25 mg/kg). Animals were sacrificed under ether anesthesia at indicated 
intervals after administration. Heart was removed, weighed and homoge-
nized (10%, w/v) in a solution of 1% sodium bisulfate in physiological
saline. All samples were immediately frozen at �20 °C until analysis. A
200 m l aliquot of methanol was added to 100 m l aliquot of homogenate.
Then, the mixed samples shaked on a SW-80A vortex shaker (Shanghai
Medical University Instrument Plant, Shanghai, China) and were centrifu-
gated at 10000 g for 10 min at 4 °C (Refrigerated Centrifuge 3K30, Sigma,
German). A 20 m l aliquot of the supernatant fluid was injected into HPLC
for assay. The chromatographic system consisted of a Waters 510 HPLC
pump and a Waters 486 Absorbance UV detector (Waters Corp., Milford,
MA, U.S.A.). The wavelength of this detector was set to 335 nm. The HPLC
system was controlled by a computer employing the Millennium 2010
ChemStation software. The analytical column was a reverse phase Hypersil
C18 column (250�4.6 mm, 5 mm particle size; Dalian Elite Analytical 
Instrument Co., Ltd., Dalian, China) maintained in a column oven (Timber-
line Instruments, Boulder, CO, U.S.A.). The mobile phase was composed of
methanol–water–glacial acetic acid (40 : 60 : 1). Elution was performed iso-
cratically at 40 °C at a flow-rate of 1.0 ml/min.

Results and Discussion
Univariate Analysis for Formulation and Technological

Method To study effects of technological method on prop-
erties of preemulsion and final emulsion during the prepara-
tion, the lipid emulsion were prepared with the fixed compo-
sition: breviscapine (0.04%), Lipoid E80 (1.2%), VE (0.06%),
oleic acid (1.0%), soybean oil (10%), poloxamer 188 (2.0%)
and glycerol (2.25%). The results of mixing temperature,
striring time and stirring rate on preemulsion preparation are
shown in Figs. 2—4. Smaller particle size, polydispersity
index and Ks value were achieved at higher temperature of
mixing. The content of scutellarin decreased to below 98%
beyond 80 °C. Thus, the optimized temperature of mixing
was chosen as 80 °C. It was also seen that particle size and
polydispersity index decrease first, then increase with stirring
time and rate increasing. It was due to the dispersed oily
droplets coagulated under high shearing force provided by
constant speed stirrer during oil phase dispersion simultane-
ously.13) Another reason was the bubbles formed in the
process of high speed stir could weaken shearing force and
then increase the collision of oily droplets.13) Thus, the opti-
mized stirring time and rate of the preemulsion mixture were
chosen as 60 s and 8000 rpm.

Homogenization could lower the interfacial tension 
between oil and water phase resulting in a more stable emul-
sion. The results of cycle number and operating pressure of
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Table 1. Factors and Levels of Orthogonal Experiments Design

Factors

Levels A B C D
(Lipoid E80, %) (Poloxamer 188, %) (Oleic acid, %) (Pressure, psi)

1 0.8 1.8 0.6 12500
2 1.0 2.0 0.8 15000
3 1.2 2.2 1.0 17500
4 1.4 2.4 1.2 20000



homogenization on final emulsion are shown in Figs. 5 and 6.
It was seen that smaller particle size and polydispersity index
were observed at higher number of cycles and operating
pressure of homogenization. But there was no significant dif-
ference between 20 and 25 passes. Thus, the optimized cycle
number was chosen as 20 passes.

Figure 7 summarizes the effects of sterilization method on
particle size, polydispersity index, zeta potential, Ks value
and scutellarin assay. As the results show, larger particle size
was found at higher temperature of sterilization due to the
combination of oily droplets. The physical stability of brevis-
capine lipid emulsion were improved and the particle was
uniform which could be concluded by smaller polydispersity
index and Ks value, higher absolute value of zeta potential
achieved at higher temperature of sterilization. But signifi-
cant loss (more than 5%) in scutellarin content was observed
when the heat temperature increased beyond 100 °C. Thus,
the optimized sterilization method was chosen as 100 °C for
30 min. Although the heat-treatment may be insufficient, we
could take measures to remove microorganism for compensa-
tion, such as: some excipients in the formulation adopted
were intravascular administration grade, the preparation was
passed through a 0.22 mm sterilizing-grade membrane filter
performed under aseptic conditions. And the preparation has
no pyrogen examined by limulus test.

Oleic acid concentration was an important factor on the
physical stability of breviscapine lipid emulsion. Results show
that the properties of breviscapine lipid emulsion changed
with different oleic acid concentration before and after steril-
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Fig. 2. Particle Size, Polydispersity Index (a) and Content of Scutellarin,
Ks Value (b) of Preemulsion as a Function of Temperature of Mixing
(8000 rpm, 60 s, Mean�S.D., n�3)

Fig. 3. Particle Size and Polydispersity Index of Preemulsion as a Func-
tion of Stirring Time (8000 rpm, Mean�S.D., n�3)

Fig. 4. Particle Size and Polydispersity Index of Preemulsion as a Func-
tion of Stirring Rate (60 s, Mean�S.D., n�3)

Fig. 5. Particle Size and Polydispersity Index of Final Emulsion as a
Function of Number of Cycles through the Homogenizer (20000 psi,
Mean�S.D., n�3)

Fig. 6. Particle Size and Polydispersity Index of Final Emulsion as a
Function of Operating Pressure (20 Cycles, Mean�S.D., n�3)



ization (Fig. 8). There was no data shown with formulation
composition of 0% and 20% oleic acid after sterilization, 
because drug precipitation (0% oleic acid) and emulsion bro-
ken (20% oleic acid) were observed during heating process,
respectively. Breviscapine solubility in oil phase was improved
with oleic acid added. Otherwise, overdose of oleic acid
could not be emulsified by Lipoid E80 and Poloxamer 188.
Oleic acid could not only increase breviscapine solubility,
but also attribute to increase the absolute value of zeta poten-
tial and then improve physical stability properties conferred
to the emulsion due to strengthening of the molecular inter-
actions occurring between phospholipid and Poloxamer
emulsifiers in the presence of an ionized form of oleic acid at

the o/w interface of the emulsified oily droplets.15)

Orthogonal Experiment Design for Formulation and
Technological Method Based on univariate analysis above
and experience found in preparation, orthogonal experiment
design was performed to further optimize the formulation
and technological parameter of homogenization. The emul-
sion was prepared with some of fixed parameters: tempera-
ture of mixing (80 °C), stirring time and rate (60 s and
8000 rpm) for preemulsion preparation, number of cycles for
final emulsion homogenization (20 passes) and autoclave
method parameters for sterilization (100 °C for 30 min). The
composition scale: breviscapine (0.04%), Lipoid E80 (0.8—
1.4%), VE (0.06%), oleic acid (0.6—1.2%), soybean oil (8.8—
9.4%), poloxamer 188 (1.8—2.4%), glycerol (2.25%). The
results of orthogonal experiment design were given in Table
2. The sequence of effect on composite grade to evaluate the
preparation was: D�A�C�B. The optimum preparation 
parameters were A3B2C4D4, that is Lipoid E80�1.2%, polox-
amer 188�2.0%, oleic acid�1.2%, pressure�20000 psi.

Optimum Formulation and Technological Method
The oil phase was prepared by dissolving breviscapine
(0.04%) in the mixture of Lipoid E80 (1.2%), VE (0.06%),
oleic acid (1.2%) and soybean oil (8.8%) using a sonicator.
To make the aqueous phase, poloxamer 188 (2.0%) was dis-
solved in a mixture of glycerol (2.25%) and double distilled
water. A preemulsion was prepared by mixing the oil phase
and the aqueous phase with a constant speed stirrer at
8000 rpm for 60 s. Final emulsification was completed by
passing the preemulsion through a homogenizer at 20000 psi
for twenty times. Sterilization was performed by heating at
100 °C for 30 min.

Characterization of Bre-LE Follow the optimum
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Fig. 7. Particle Size and Polydispersity Index (a), Zeta Potential and Ks

Value (b), Content of Scutellarin (c) of Bre-LE before and after Sterilization
(S.D. 	8%, n�3)

Tyndallization: heat to 80 °C for 1 h and then at 25 °C for 24 h, cycle three times.
Other sterilization method was 100 °C for 30 min, 115 °C for 30 min and 121 °C for
15 min.

Fig. 8. The Particle Size and Polydispersity Index (a), Zeta Potential and
Ks Value (b) of Bre-LE as a Function of Oleic Acid Concentration in Emul-
sion before and after Sterilization (121 °C, 15 min, S.D. 	8%, n�3)



preparation found above, the average particle size, polydis-
persity index, zeta potential, Ks value and content of final
product were (225.3�8.8) nm, 0.221�0.020, (�29.6�1.5)
mV, (24.3�2.9)% and (94.5�0.6)% respectively (n�3). Bre-
LE is safe for intravenous administration because the size
distribution was narrow and the particle size was smaller
than 1 mm. The results of zeta potential and Ks value suggest
Bre-LE is stable.

In Vitro Release The release of scutellarin was studied
in both PBS and fresh rat plasma. As shown in Fig. 9, free
scutellarin in control samples (Injectio Breviscapine) dif-
fused freely across the membrane of dialysis bag, and in
fewer than 6 h of dialysis, nearly 100% of the free drug had

crossed the membrane to the release medium of both PBS
and fresh rat plasma. However, less than 80% of drug was 
released from Bre-LE after 12 h in fresh rat plasma. These
results suggest that lipid emulsion as breviscapine carrier
showed a desirable sustained release profile. The drug leaked
from oil phase to aqueous phase in the preparation could be
negligible because the saturated solubility of scutellarin was
very low and the amount of drug leaked was lower than or
equal to the saturated solubility regarding no precipitation
observed in the preparation. Therefore the leakage could not
influence the results of release test.

Dilution Stability and Long-Term Stability Drug was
diluted when it was injected into body. The dilution stability
experiment was designed to simulate the chemical stability in
vivo. The degradation mechanism of scutellarin was mainly
oxidation. The lipid emulsion could protect drug in oil phase
from meeting oxygen in the air because the aqueous phase
was a barrier between the air and oil phase. We need to 
investigate the protective ability of lipid emulsion carriers 
itself, not the ability of stabilizer to protect drug from degra-
dation. Therefore Bre-LE without VE was used for removing
the disturbance of stabilizer on the results. The results of 
dilution stability in PBS and 10% fetal calf serum are shown
in Figs. 10 and 11. The results show there was a nearly linear
degradation of scutellarin in both PBS and 10% fetal calf
serum. The first-order rate constant of Bre-Sol and Bre-LE-1
were 0.0060 and 0.0050 in PBS, 0.2339 and 0.1484 in fetal
calf serum, respectively. The results show the carrier could
protect drug from degradation after dilution by PBS and fetal
calf serum. The dilution stability is very important to drug
with poor chemical stability. Because drug degradation hap-
pened after injection is one of the key factors inducing
shorter half-life in plasma.

The long-term stability data for Bre-LE under storage at
room temperature is summarized in Table 3. The particle
size, polydispersity index and Ks value increased slowly. And
absolute value of zeta potential and content of scutellarin 
decreased gently. Based on the data, Bre-LE was physically

November 2010 1459

Table 2. The Results of Orthogonal Design for Optimization of Bre-LE
Formulation and Technological Method

Test 
Factors Score

No.
A B C D S1 S2 S3 S4 S

1 0.8 1.8 0.6 12500 9.9 94.1 74.6 0 43.8
2 0.8 2.0 0.8 15000 19.6 76.4 49.2 68.2 52.4
3 0.8 2.2 1.0 17500 30.7 77.9 63.8 69.1 59.0
4 0.8 2.4 1.2 20000 51.6 94.8 83.1 71.1 72.8
5 1.0 1.8 0.8 17500 45.8 100.0 50.8 70.2 64.6
6 1.0 2.0 0.6 20000 96.0 53.1 38.4 83.5 63.4
7 1.0 2.2 1.2 12500 23.6 0 96.0 91.2 51.6
8 1.0 2.4 1.0 15000 64.7 64.7 64.4 63.0 55.5
9 1.2 1.8 1.0 20000 67.7 77.3 70.1 69.1 71.0

10 1.2 2.0 1.2 17500 68.5 86.3 72.3 100.0 78.7
11 1.2 2.2 0.6 15000 45.2 90.7 0 93.0 55.2
12 1.2 2.4 0.8 12500 16.9 64.3 41.8 83.4 50.8
13 1.4 1.8 1.2 15000 37.4 32.7 100.0 32.6 49.0
14 1.4 2.0 1.0 12500 0 32.4 84.7 66.2 45.8
15 1.4 2.2 0.8 20000 100.0 81.4 75.1 37.4 73.5
16 1.4 2.4 0.6 17500 67.7 84.8 45.2 49.3 58.7

K1/4 58.2 58.1 57.7 48.6
K2/4 61.1 62.2 61.3 54.6
K3/4 65.4 60.9 58.6 67.7
K4/4 57.9 61.4 65.1 71.9

R 7.5 4.0 7.4 23.2

Fig. 9. In Vitro Release of Scutellarin from Bre-LE (�) When Incubated
with PBS (a) and Rat Plasma (b) at 37 °C (Mean�S.D., n�3)

Release of Injectio Breviscapine (�) was also presented as a control.

Fig. 10. Degradation of Bre-Sol (�) and Bre-LE-1 (�) Diluted with PBS
at 37 °C (Mean�S.D., n�3)

Fig. 11. Degradation of Bre-Sol (�) and Bre-LE-1 (�) Diluted with Fetal
Calf Serum at 37 °C (Mean�S.D., n�3)



and chemically stable for 6 months at room temperature.
Biodistribution of Bre-LE in Heart The mean concen-

tration vs. time profile of scutellarin following intravenous
administration of Injectio Breviscapine and breviscapine
lipid emulsion is showed in Fig. 12. The area under concen-
tration (AUC) was calculated by logarithmic thrapezoidal
method. The maximum tissue concentration (Cmax) was 
obtained directly from the individual concentration–time pro-
files. Mean retention time between time 0 and the infinite
(MRT0→
) was determined using a log-linear trapezoidal
method 3P97 (Mathematic Pharmacological Committee, Chi-
nese Pharmacological Society, China). The tissue distribution
advantages in heart of lipid emulsion carrier were very obvi-
ous: the AUC values of Bre-LE (623.26 mg ·min/ml) were
much higher than that of Injectio Breviscapine (5.39 mg ·min/
ml). And the Cmax of Bre-LE (9.84 mg/g at 30 min after ad-
ministration) increased more than 18-fold versus Injectio
Breviscapine (0.54 mg/g at 5 min after administration). The
MRT0→
 of Bre-LE and Injectio Breviscapine were 62.62 and
8.17 min, respectively. The MRT0→
 of breviscapine in-
creased more than 7-fold after encapsulation into lipid emul-
sion. It was possibly because breviscapine was a chemically
unstable drug and easily degrade in vivo. Lipid emulsion, as

a drug carrier, could protect breviscapine from degradation
and therefore produced a significant change in the heart. In-
creasing amount and prolonging retention time of drug in
heart were all beneficial to heart disease therapy.

Conclusion
We prepared a lipid emulsion of Traditional Chinese Med-

icine—breviscapine with its process easily produced on large
industrial scale and sterilized by autoclaving. Bre-LE opti-
mizedly prepared in this paper could protect scutellarin from
degradation, exhibited sustained release, and was stable for
up to 6 months at room temperature storage condition. Based
on the results of biodistribution in heart, higher cardioprotec-
tive activity of Bre-LE than that of Injectio Breviscapine in
further studies on pharmacodynamics may be expected.

Acknowledgments This work was partly supported by “211 project”
and “985 project” university grant from Southeast University awarded to Dr.
Xiong Fei (No. 4007031040 and 9207032444, “Studies on breviscapine
nano-emulsion for intravenous administration”), Major National Science and
Technology Projects (2009ZX09103-315), National Basic Research Program
of China (No. 2006CB933206 and 2007CB936002) and National Natural
Science Foundation of China (No. 30970754 and 81001412).

References
1) Fei X., Chen X., Liang G., Yue J. C., Hao W., Ning G., Jia B. Z., J.

Drug Target, 17, 408—414 (2009).
2) Lu J., Cheng C., Zhao X., Liu Q., Yang P., Wang Y., Luo G., Eur. J.

Med. Chem., 45, 1731—1738 (2010).
3) Hao X., Cheng G., Sun J., Zou M., Yu J., Zhang S., Cui F., J. Pharm.

Biomed. Anal., 38, 360—363 (2005).
4) Baldeschweiler J. D., Int. Patent., 9012595 (1990).
5) Egashira T., Kim Y. I., Takayama F., Kudo Y., Yamanaka Y., Free

Radic. Biol. Med., 21, 353—356 (1996).
6) Palmer T. N., Caldecourt M. A., Kingaby R. O., Biochem. Soc. Trans.,

12, 344—345 (1984).
7) Liu Y., Chen Z. Q., Zhang X., Feng N. P., Zhao J. H., Wu S., Tan R.,

Chem. Pharm. Bull., 58, 16—22 (2010).
8) Han D. H., Jin Z. H., Jin Y. Z., Yin X. Z., Shen Y. Y., Gao Z. G.,

Chem. Pharm. Bull., 58, 11—15 (2010).
9) Inoue M., Hashizaki K., Taguchi H., Saito Y., Chem. Pharm. Bull., 56,

1335—1337 (2008).
10) Fei X., Jing L., Hao W., Yue J. C., Ji C., Jia B. Z., Polymer, 47, 6636—

6641 (2006).
11) Allen T. M., Cleland L. G., Biochim. Biophys. Acta, 597, 418—426

(1980).
12) James L. T., David A. T., J. Controlled Release, 67, 203—209 (2000).
13) Xi D. T., Jun S. Z., Jia B. Z., “Pharmaceutics,” 3rd ed., People’s Med-

ical Publishing House, Beijing, 2000.
14) Fei X., Hao W., Ji C., Jia B. Z., J. Chromatogr. B, 835, 114—118

(2006).
15) Levy M. Y., Schutze W., Fuhrer C., Benita S., J. Microencapsul., 11,

79—92 (1994).

1460 Vol. 58, No. 11

Fig. 12. The Concentration–Time Curves of Scutellarin in Heart of Mice
Given Injectio Breviscapine (�) and Breviscapine Lipid Emulsion (�) after
Intravenous Administration

Each point represents the mean�S.D. of three to five mice.

Table 3. Long-Term Stability of Bre-LE under Storage at Room Tempera-
ture (Mean�S.D., n�3)

Storage 
Particle Polydispersity

Zeta 
Ks

Content of 
time

(nm) index
potential

(%)
scutellarin

(month) (mV) (%)

0 225.3�8.8 0.221�0.020 �29.6�1.5 24.3�2.9 94.5�0.6
1 241.5�4.1 0.242�0.011 �26.2�2.0 26.0�1.7 94.2�0.7
3 242.8�10.9 0.245�0.009 �22.2�1.0 26.9�2.9 93.6�0.9
6 251.0�15.5 0.251�0.012 �17.4�2.7 27.4�0.9 92.5�0.3


