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The objective of this paper was to investigate the effect of dextran gel on preparation of nano-liposomes loaded with gink-
golide. During preparation, Sephadex G75, G50 and G25 were added in the aqueous phase respectively. From the experi-
ment, nano-liposomes prepared by dextran gels were found spherical and smooth. The result indicated that aperture of
dextran gels were narrower, particle size of nano-liposomes was smaller (207.13 ~ 89.16 nm) and zeta potential was
greater (-36.2 ~—29.5 mV) in more negative. The study also revealed that differences of the entrapment efficiency and
drug loading among the three types of nano-liposomes were not significant. /n vitro drug release test demonstrated that
nano-liposomes had a better controlled release. To conclude, by using dextran gel in the preparation of nano-liposome
loaded with ginkgolide, the particle size could be effectively controlled and the drug stability could be improved.
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Introduction

Ginkgolide was recognized as platelet-activating factor anta-
gonist which was the main efficacy component from Ginkgo
biloba extract and its preparations. Ginkgo biloba terpene lac-
tones A and B had neuroprotective effect by inhibiting the pro-
tein kinase C (PKC), so it could treat neuropathy, in particular,
demyelization neuropathy, spinal cord disease, and cerebral
edema."” In addition, the cardiovascular system diseases, acute
cerebral infarction, simple diabetic retinopathy could be treat-
ed by ginkgolide as the role of effective regulator on arteries,
veins and capillaries.” However, because ginkgolide was poorly
water-soluble, short biological half-life, its applications in the
medicine were seriously restricted.*’

For the purpose of improving the pharmacological properties
of ginkgolide, nano-liposome was used as drug carriers, because
nano-liposomes were easily biodegradable and biocompatible
with lipid-membrane structure. It had the advantages of pri-
marily consisting of protection of biological activity of drugs,
improving stability, extending the half-life, controlling drug re-
lease, improving efficacy, efc.® At the same time, owing to their
small size (about 100 nm), nano-liposomes could not only pass
through tissue space and be absorbed by cells, pass through
the body's smallest capillaries, but also go through the blood-
brain barrier.”” In recent years, nanoparticles have received
considerable attention because of the versatility of polymer
matrices, and were allowed for tailoring the nanoparticle pro-
perties to meet the specific need.'"" Consequently, it was widely
used as carrier in various drug delivery systems.

In vivo, the particle size of nano-liposomes was one of the
most important factors considered."* It was shown that the par-
ticle size was smaller, the radius of curvature in its circulation
would be shorter and the effect of protein absorption would be
less. Therefore, half-life of drug could be extended by reducing
the particle size, and nano-liposomes had the ability to evade
the interception by sinusoidal vessel of liver and spleen. The
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Figure 1. Schematic diagram of dextran gel bead.

current methods of controlling or reducing the particle size
during preparation were usually to change the power of ultra-
sound, stirring speed, temperature, lipid ratio, ezc."

The main difference between the work presented here and
other optimized works was the adoption of dextran gel-assist-
ed liposome formation method. Dextran gel (commerce name:
Sephadex) was commonly used in size exclusion chromato-
graphy (SEC) which worked by trapping smaller molecules in
the pores of a particle. Dextran gel in this report was not used
to separate different size of nano-liposomes, but to assist in
limiting the particle size of nano-liposomes inside the pores of
the dextran gel beads during the preparation of liposome. The
pores in dextran gel bead would support some constraint spaces
and when the materials entered the pores, the nano-liposomes
with small particle size would be formed (Figure 1). Three kinds
of dextran gels (Sephadex G25, G50 and G75) with varying
size of pores were selected to state the effect of dextran gel on
particle sizes in the process of making liposome.

Experimental Section

Materials. Sephadex G25 Medium, G50 Medium and G75
Medium were provided by Pharmacia (50 ~ 300-um beads, Swe-
den). Ginkgolide A was obtained from Hefei University of Tech-
nology (Purity > 95%). Standard preparation of ginkgolide A



Effect of Dextran Gel on Preparation

was purchased from national institute for the control of pharma-
ceutical and biological products (China). Phospholipid from
egg (egg-PC) was from Sigma (America), cholesterol and phos-
phatidyl ethanolamine were from Sinopharm Chemical Reagent
Co., Ltd (China). Tween-80 was obtained from Sigma. Organic
solvents were of HPLC grade and water was purified by the
Milli-Q system.

Pre-treatment of dextran gel. The dry dextran gel would be
swollen in water in advance. 6.5 g Sephadex G75, 10 g G50 and
20 g G25 were added into 50 mL distilled water respectively.
Sephadex G75 would be boiled for 3 hours, and the boiling
time for G50 and G25 would be 1 hour. After the supernatant and
fine particles had been removed, the treated gels were made
ready for the next step.

Preparation of nano-liposomes. Nano-liposomes were made
by the method of ether injection. All lipids were dissolved in
20 mL of ether then the organic phase was obtained by adding
in methanol solution of 100 mg ginkgolide A.0.3 mL of Tween-
80 and 5 mL of the treated gels were added in the 30 mL H,O
as the aqueous phase, 750 rpm stirring at 74 °C. Organic phase
was injected into the aqueous solution, which was magnetically
stirred and maintained at 74 °C to evaporate the ether. When
the liquid had been evaporated to 10 mL, 20 mL ice water was
added in, continuously stirred for 10 min at the ambient tem-
perature. In order to extract nano-liposomes from dextran gels,
suspension was passed through a 0.45 pm micron filter. The
control and the three kinds of nano-liposomes would be col-
lected: the control was made without dextran gel, sample 1 (S1),
sample 2 (S2) and sample 3 (S3) were prepared by Sephadex
G75, G50 and G253, respectively.

Transmission electron microscopy (TEM). The nano-lipo-
somes were stained with a 2% (w/v) solution of phosphotungstic
acid, respectively. Then, 5 uL of each sample was placed on a
copper micro-grid (230 mesh), the grid was dried and trans-
mission electron microscopic (TEM) observation (JEM-100SX,
Japan) was performed using the dried micro-grid and 100 kV
acceleration voltage. Images were recorded directly in electron
microscopic films. Films were then developed and analyzed.

Particle size and zeta potential measurement. The mean parti-
cle size and zeta potential of the systems were measured by
Zeta-sizer 3000HS (Malvern, UK). The measurements were
carried out at a scattering angle of 90° and the ambient tempera-
ture. 1:10 dilution of the formulations was prepared in double-
distilled water before the measurement.

Entrapment efficiency (EE) and drug loading (DL). For the
quantitative determination of ginkgolide A, a method of high-
speed refrigerated centrifuge was used. Ginkgolide A loaded
into the nano-liposomes was determined as follows: 1.5 mL of
IM hydrochloric acid was added in 1 mL of freshly prepared
nano-liposomes suspension and the mixture was centrifuged
at 15,000 x g for 120 min at 4 °C using a Sigma 3K 15 centrifuge
(Germany). The total drug in supernatant after centrifugation
was determined by the current high performance liquid chro-
matography (HPLC) method."™"” The HPLC system which were
equipped with an evaporative light-scattering detector (ELSD,
Waters 2420) consisted of an isocratic pump (Waters 515 pum-
ps, Waters Corporation), a Cis analytical column (4.6 mm % 250
mm, 5 um particle size) (Restek pinnacle), and a guard column
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(5 cm) (Agilent) used to protect the analytical column. Mobile
phase was filtered through 0.2 pm nylon 66 filters which was
freshly prepared each day and pumped at 1 mL/min. Mobile
phase was prepared by mixing water, methanol and tetrahydro-
furan at a ratio of 70:25:10 v/v/v. ELSD was used as the detector
with nebulizing nitrogen pressure of 25 psi and the drift tube
temperature of 55 °C. The determination was performed at am-
bient temperature. The injection volume was 10 pL.*

The EE of ginkgolide A in nano-liposomes was determined,
as to the ratio between actual and theoretical loading, using
the following equation:21

amount of drug in liposome
EE(%) = x 100
amount of drug added

Drug loading capacity (DL) was calculated as drug analyzed
in the nanoparticles versus the total amount of the drug and the
excipients added during preparation, according to the following
equation:

DL(%)

amount of drug loaded in liposome

- %100
amount of drug added+amount of excipients added

Stability. Three kinds of nano-liposomes suspension prepared
by dextran gels were sealed and stored at 4 °C. The appearances
of morphological characteristics of nano-liposomes were obs-
erved and the particle sizes were measured continuously in 30 d.

Invitro drug release. In vitro release study was performed on
suspension of nanoparticles within 24 h of preparation.”* 2 mL
of dispersion and 3 mL phosphate buffer solution (pH 7.4) were
transferred to a dialysis tube (molecular weight cutoff 3 500),
and the sealed tube was introduced into a vial containing 50 mL
of phosphate buffer solution. Bottles were placed in a water bath
under mild agitation (50 rpm) at 37 + 1 °C.** At predetermined
time intervals from 0 to 72 h, 1 mL sample of the medium was
taken out and replaced with the same amount of fresh medium.
The drug amount in the release medium was determined by
HPLC, respectively.” At intervals of 5 minutes, the release of
ginkgolide A was determined with the same method as before.

Statistical analysis. One-way analysis of variance (ANOVA)
test was performed on the data to assess the impact of the for-
mulation variables on the results. P values of <0.05 or 0.01 were
considered significant. All calculations were performed using
the Statistical Package for the Social Sciences (SPSS®17.0)
software.

Results and Discussion

Transmission electron microscope (TEM). The control and
three samples were pallide-flavens and non-stratified. Addition-
ally, there were not any precipitation and agglomeration in
observation. To obtain more information about the particle size
and morphology, a TEM analysis was also performed. Figure 2
showed images of nano-liposomes which were prepared by
blank, Sehpadex G75, G50 and G25, respectively. According to
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Figure 2. Transmission electron microscope (TEM) micrographs.
(A) The control (x50 000), (B) S1 (x50 000), (C) S2 (x50 000), D: S3
(%50 000).

the TEM micrographs, the particle size distribution of the S1,
S2 and S3 showed better distribution than the control. Fur-
thermore, the liposomes which were prepared by Sephadex G25
and G50 appeared better spherical shape and monodispersed
size distribution.

Particle size and zeta potential. In the case of dextran gel, the
average particle size was between 89.16 and 207.13 nm which
were smaller than the control, and the zeta potential was between
—29.5 and —36.2 mV, as shown in Table 1. With the diminution of
the apertures in the dextran gels, the particle size and zeta poten-
tials were both reduced. Compared with others, the S3 exhibited
the smallest particle size (P < 0.01) in the range of 45.42 to
143.51 nm, and much narrower and more even size distribution
for 80.5% of the total nano-liposomes were less than 100 nm.
Additionally, the absolute value of zeta potential was 36.2 mV,
which was significantly high (P < 0.01) among all samples.
Therefore, the nano-liposomes with relative high stability and
good dispersion quality were produced by this method.

Entrapment efficiency (EE) and drug loading (DL). Calibra-
tion curve was constructed by analyzing a serial of ginkgolide
A at the concentration from 0.2 to 1.0 mg/mL. Preparation and
supernatant of the samples were carried out as described under
assay procedure. Peak area (y) of the samples was measured and
plotted against the concentration (x) of each ginkgolide A.
The regression equations of the calibration curve was lgy =
1.6686 1gx + 7.4599 (y = 0.9993).

Analytical recovery studies were performed by spiking sam-
ples with known amounts of ginkgolide A standard in methanol
from 0.4 to 0.8 mg/mL. Mean recoveries rates were determined
based on triplicate analyses at each level. As the result, there was
a high recovery rate of (100.5 £ 1.15)%.

For peak identification, the retention times of pure substances
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Table 1. The characterization of nano-liposome by particle size and
zeta potential

Nano-liposome Particle size (nm) Zeta potential (mV)

S1 207.13 + 18.06 (P<0.05) -29.5+3.4 (P <0.05)
S2 162.45 + 14.17 (P<0.01) -33.6+2.2(P<0.01)
S3 89.164+9.20 (P<0.01) -36.2+2.8(P<0.01)

The control 239.00 +24.34 237+4.1

Each value represents the mean + SD (n =15)

Table 2. Recovery studies using high-performance liquid chromato-
graphy (HPLC)

Sample Determination
concentration of concentration Recovery  RSD (%)
(mg/mL) (mg/mL)
0.4 0.402 £ 0.02 100.5%
0.6 0.596 + 0.03 99.3% 0.54%
0.8 0.813+£0.05 101.6%

Each value represents the mean + SD (n = 3)

had been used. It could be seen from chromatograms Figure 3
(A and B) that there was no interference to determine the main
drug for the peak of blank liposome only in 4 min, but the peak
of ginkgolide A occurred at about 11 min (Figure 3, C).

The prerequisite to obtain a sufficient loading capacity was
a sufficiently high solubility of the drug in the lipid melt. Re-
lative higher drug EE was one of the major advantages of lipo-
somes. The EE and DL of the three samples prepared by dextran
gels and the control were shown in Table 3. The differences of
EE and DL between three kinds of nano-liposomes prepared by
dextran gels and the control were statistically significant (P <
0.05 or 0.01), but there was no significant difference (P> 0.05)
among the three samples. The minimum loading of S3 reached
15.20%, suggesting an entrapment efficiency of 89.85%. As was
evident in Figure 4, the particle sizes were different with the
three dextran gels, although the sizes were diminished, the
changes of EE were not so intense. On the basis of these physical
and chemical properties, it seemed that nano-liposomes loaded
with ginkgolide A prepared by Sephadex G25 would be better
than the others.

Stability. As shown in TEM image, the particle size did not
change significantly after storage for 30 d at 4 °C. The particle
size increased slightly (P > 0.05) compared to the freshly pre-
pared samples, as storage time extended. The results of the sta-
bility study revealed that the prepared samples were stable for
more than 30 d at 4 °C and reflected good long-term stability of
the nano-liposomes.

In vitro drug release. A key issue investigated in this study
was the feasibility of using nano-liposomes to deliver ginkgolide
A. Results of the in vitro study on ginkgolide A released from
the nano-liposomes were shown in Figure 5. The percentages
of drug released from each carrier were plotted as a function of
time. Since drug release in the initial stage would be entirely
significant if the drug were distributed over the particle sur-
face,” the ginkgolide A appeared to be released from nano-lipo-
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Figure 3. HPLC chromatograms. (A) Blank liposome, (B) Pure drug
of ginkgolide A, B standard mixed solution with blank liposome, (C)
Ginkgolide A in supernatant of nano-liposome.

Table 3. Entrapment efficiency (EE) and drug loading (DL)

;T Entrapment efficiency Drug loading
Nano-liposomes %) %)
S1 91.19+1.21 (P <0.05) 16.02+0.43 (P <0.01)
S2 90.33+£0.79 (P <0.05) 15.73+0.44 (P <0.01)
S3 89.85+0.68 (P <0.05) 15.20+0.32 (P <0.01)

The control ~ 93.02 + 1.89

17.65 +£0.63

Each value represents the mean + SD (n = 5)

somes in a biphasic way, which characterized by an initial re-
lease or rapid release period followed by a step of slower re-
lease.”’ The burst effect was observed in 12 h, in which 41.63%
to 56.39% of the initial drug was released from nano-liposomes,
and the cumulative release rates of S2, S3 and S1 were in an in-
creasing order. After this initial effect, ginkgoide A was released
in a continuous way for up to 72 h, reaching percentage of cumu-
lative release close to 70.86%. However, for the pure ginkgolide
A solution, about 94.57% of the drug was released in 2 h, and the
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Figure 4. Effect of dextran gels on the average size and EE of the
nano-liposomes. Each value represents the mean + SD (n = 5).
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Figure 5. In vitro release curve of ginkgolide A. Each value represents
the mean + SD (n = 4).

release amount reached the maximum after 6 h. This suggested
that nano-liposomes prepared by dextran gels not only possessed
a small particle size, but had a good effect on delayed release of
poor water-soluble ginkgolide A as well.

Conclusion

The amount of drug to be incorporated into the delivery
system is dependent on the physicochemical properties of
drug and the preparation process.28 The significant finding of
this study was that tiny nano-liposomes with high ginkgolide A
content and good stability were successfully developed by the
means of dextran gels. In this report, dextran gels were added in
the aqueous phase to prepare nano-liposomes loaded with gink-
golide A and the results showed that the particle size of nano-
liposomes could be controlled with the pores of dextran gel in
the process of making liposome. Morphology and stability of
nano-liposomes were demonstrated better after using dextran
gels and when the apertures of dextran gels were narrower, the
nano-liposomes were also smaller.

This report offered a new practical method to make nano-
liposomes loaded with ginkgolide and further studies of how
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to prepare tinier particle size using other types of molecular gels
would be demanded.
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