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a  b  s  t  r  a  c  t

The  aim  of this  study  was  to  investigate  the  optimizing  preparation  conditions  of Ganoderma  lucidum
polysaccharide  liposome  (GLPL)  with  response  surface  methodology  (RSM)  and  the  immunological
enhancement  activity  of  GLPL.  The  immunological  enhancement  activity  of  GLPL  on  splenocyte  pro-
liferation  was  measured.  The  optimum  formulation  of  GLPL,  in  which  the ratio  of  soybean  phospholipid
to  cholesterol(w/w)  of  11:1,  the  ratio  of  soybean  phospholipid  to tween-80  (w/w)  of 10.5:1  and  ultra-
sonic  time(min)  of 11, had  higher  entrapment  efficiency  (EE)  of  71.43  ±  0.49%  with  spherical  shape  and
eywords:
anoderma lucidum polysaccharides

iposome
ptimization
esponse surface methodology

uniform  sizes.  In  addition,  GLPL  could  significantly  promote  splenocyte  proliferation  singly  or  synergis-
tically  with PHA  and  LPS.  That  indicated  that the  immunological  enhancement  of  Ganoderma  lucidum
polysaccharide  (GLP)  was  significantly  enhanced  after  encapsulation  with  the liposome.

©  2014  Elsevier  Ltd.  All  rights  reserved.
ymphocyte proliferation

. Introduction

Ganoderma lucidum, an oriental fungus called “ShenNong’s
ateria Medica”, has been widely used as a traditional Chinese

erbal medicine in improving immunity and human health for
enturies (Berovič et al., 2003; Zhou et al., 2007). Many clinical
nd experimental studies show that this fungus has powerful
mmunomodulating, anti-tumoractivity (Lin, 2005; Yue, Fung,
eung, & Lau, 2008) and so on. It has been reported that the
ater-solutble polysaccharides are the main biologically active

ngredients in Ganoderma lucidum. The composition of Gano-
erma lucidum polysaccharide (GLP) is composed of d-glucose,
-galactose, d-mannose, d-xylose, l-fucose, and l-rhamnose, with

W 3.7 × 104D, and with 5.35:2.67:1:1.19:0.38:0.37 in molar ratio

Bao, Wang, Dong, Fang, & Li, 2002).Research demonstrates these
hysiological and health effects, including strong antioxidant

Abbreviations: GLPL, Ganoderma lucidum polysaccharide liposome; GLP,
anoderma lucidum polysaccharide; RSM, response surface methodology; PHA,
hytohemagglutinin; LPS, lipopolysaccharide; FBS, fetal bovine serum; MTT, 3-(4,5-
imethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; PBS, phosphate buffered
aline; EE, Entrapment efficiency; DMSO, dimethyl sulfoxide; BBD, Box-Behnken
esign; BL, blank liposome.
∗ Corresponding author. Tel.: +86 25 84395203; fax: +86 25 84398669.

E-mail address: dywang@njau.edu.cn (D. Wang).

ttp://dx.doi.org/10.1016/j.carbpol.2014.09.093
144-8617/© 2014 Elsevier Ltd. All rights reserved.
activities (Xu et al., 2009), immunomodulating activities (Lin et al.,
2006) and anti-tumor activities (Paterson, 2006). GLP not only
enhanced lymphocyte proliferation and humoral immunity, but
also promote expression of IFN-� gene in chickens, which showed
that GLP was a potential immune adjuvant (Zhang et al., 2014).
However, the GLP also have some disadvantageous characteristics
such as non-focused action scope, dose-dependent and a brief
biological half-life, which can limit its application in the future.

Liposomes have been studied extensively for development of an
efficient drug delivery system. It is the most promising among the
numerous particulate delivery systems. Liposomes are often com-
posed of lipids that occur naturally in cell membranes, including
soybean phospholipid and cholesterol, which are almost non-toxic
and completely biodegradable and have excellent affinity on cell
membrane (Watson, Endsley, & Huang, 2012). Additionally, not
only hydrophobic drugs can be encapsulated in liposome, but also
liposomes have low permeability to hydrophilic drugs (Allen &
Cullis, 2013). The efficacy of many drugs can be improved by the
encapsulation of liposomes. Plenty of researchers confirmed that
after the Chinese herbal medicinal ingredients are made with lipo-
somal formulations, their immunocompetent were significantly

increased (Yu et al., 2013).

In order to optimise the preparation conditions for the prepara-
tion of GLPL, response surface methodology (RSM) has been used to
select the optimum preparation conditions. In statistics, RSM has

dx.doi.org/10.1016/j.carbpol.2014.09.093
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.carbpol.2014.09.093&domain=pdf
mailto:dywang@njau.edu.cn
dx.doi.org/10.1016/j.carbpol.2014.09.093
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uccessfully been applied in order to optimize the conditions in
ood and pharmaceutical research (Ghadiri et al., 2012; Yang, Chen,
hao, Han, & Chen, 2012; Yolmeh, Najafi, Farhoosh, & Hosseini,
014). By establishing a mathematical model, RSM can effectively
ptimise complex preparation conduction in statistical way so to
educe the number of experimental trials (Sinha, Chowdhury, Saha,

 Datta, 2013; Xu et al., 2008).
Within this framework, we investigated the preparation of GLPL

sing the reverse-phase evaporation method and established the
ptimum conditions by RSM. In addition, in order to compare the
mmunological enhancement activity of GLPL with GLP in vitro, the
plenocyte proliferation were measured. The goal of this study is to
mprove immunological enhancement activity of GLP by liposome
elivery system.

. Materials and methods

.1. The preparation of GLPL

Preparation of GLPL was based upon the reverse-phase evap-
ration method. The required amount of soybean phospholipid
Shanghai Taiwei Pharmaceutical Co., Ltd), tween-80 (Sinopharm
hemical Reagent Co., Ltd.) and cholesterol (Tianjin Bodi Chemical
echnology Co., Ltd.) was dissolved by ethylether in a dry round
ottom flask. With the help of ultrasonic cleaner, the materials
ere dissolved completely. Then GLP (98%, No.CY140220, Shanxi
iyuan Biotechnology Co. Ltd.) solution was added into the mix-
ure. The resulting mixture was homogenized in ice water by using
n ultrasonic cleaner to form a stabile W/O  emulsion. The solu-
ion was evaporated and a colloid was formed using a vacuum. PBS
as added to hydrate for an additional 15 min. Next, the resulting
ixture was homogenized using an ultrasonic cell disintegrator

JY92-II DN, Xinzhi Bio-technology and Science Inc.) to form the
niform liposome. Ultimately, the solution was successively fil-
ered using 0.8 �m,  0.45 �m and 0.22 �m millipore membrane.

.1.1. Entrapment efficiency (EE) of GLPL array
A modified protamine method was used to assay the EE of GLPL

ccording to reference (Gunter, Gunter, Jarkowski, & Rosier, 1982).
In brief, 0.1 mL  of protamine (Sigma) solution (10 mg  mL−1) was

dded in 0.1 mL  of GLPL, the mixture was placed for 3 min. Next,
 mL  of PBS was added. After adequate mixing, this suspension was
entrifuged at 3500 rpm at room temperature for 30 min. All of
he supernatant was taken from the centrifuge tube and 2 mL  of
he supernatant was used to assay the content of GLP using the
itriol–phenol method, and the content of GLP was referred to as
he content of free drug. In addition, 0.1 mL  of GLPL was  added in the
entrifuge tube was mixed with 0.1 mL  of Triton X-100 (Shanghai
uanye Biotechnology Co., Ltd.) and 3 mL  of PBS. Subsequently,

 mL  of the solution was used to assay the content of GLP using the
itriol–phenol method (Yu, Zhang, & Zheng, 2003), and this solution
as called the amount of drug in 0.1 mL  of liposomes suspension.

The formula to calculate the liposome encapsulation efficiency
as expressed as follows:

E% = (1 − Qf/Qt)100%

here Qf is the amount of free drug and Qt is the amount of drug
n 0.1 mL  of liposomes suspension.

.2. Optimization design and characterization of GLPL
.2.1. RSM and experimental design
On the basis of the preliminary range of parameters by a single-

actor experiment for the GLPL preparation, the three factors, ratio
f soybean phospholipid to cholesterol (w/w) (A), ratio of soybean
ers 117 (2015) 510–517 511

phospholipid to tween-80 (w/w)  (B) and ultrasonic time/min (C),
were found significantly affect the entrapment efficiency of GLPL.
Therefore, three level-three variable BBD was applied in this study,
and series of 17 experiments were carried out to optimize condi-
tions for the preparation of GLPL. Three factors and their levels were
performed in Table 1.

In order to predict the optimized conditions, experimental data
were analyzed using software Design Expert Version 8.06 and
explained using the following quadratic equation:

Y = A0 +
3∑

i=1

AiXi +
3∑

i=1

AiiX
2
i +

2∑

i=1

3∑

j=i+1

AijXiXj (1)

Where Y is the predicted response variable associated with each
three level combination, A0 is a constant, and Ai, Aii and Aij are
coefficients which were estimated by the model. Xi and Xj are
the levels of the independent variables which represent the linear,
quadratic and cross-product effects of the X1, X2 and X3 factors on
the response, respectively. The model evaluated the effects of each
independent variable on the response. Analysis of the experimen-
tal design and calculation of predicted data were calculated using
Design-Expert Software to estimate the response of the indepen-
dent variables. (Wang, Chen, Jia, Tang, & Ma,  2012)

2.2.2. Characterization of liposomes
The morphologies of liposomes were observed using trans-

mission electron microscope (Model H-7650, Hitachi, High-
Technologies Co., Ltd.), samples were negatively stained with
1% phosphotungstic. The particle size of GLPL was measured by
Hydro2000Mu laser particle size analyzer (Hydro2000Mu, MAL
1009117, Malvern Instruments Ltd.). The measurements were con-
ducted at 25 ◦C and each experiment was repeated three times.

2.3. Splenocyte proliferation assay in vitro

Spleen was collected from non-immunized ICR mice under asep-
tic conditions, and kept in phosphate-buffered saline solution. The
organ was  crushed and passed through a steel mesh (200 mesh)
to obtain a homogeneous cell suspension. After the red blood
cells were removed by adding 0.83% NH4Cl in 0.01 M Tris–HCl (pH
7.2) to cell suspension, the splenocytes were washed twice. Next,
the pelleted cells were re-suspended in RPMI-1640 (RPMI-1640
supplemented with 0.05 mM 2-mercaptoethanol, 100 IU mL−1

penicillin, 100 �g100 IU mL−1 streptomycin and 10% heat inactiv-
ated FBS) and diluted to 2.5 × 106 mL−1 with RPMI-1640 in FBS. The
cell suspension was divided into two  parts: one part was added,
with PHA or LPS and seeded into a 96-well microtiter plate with
100 �L per well, and the other part was  added as cell control
group.Then, GLP, GLPL and blank liposome (BL) at a series of con-
centrations were added in the cell control group and PHA or LPS
control group, RPMI-1640 medium and PHA (10 �g mL−1 of final
concentration) or LPS (5 �g mL−1 of final concentration), respec-
tively, at 100 �L per well, four wells for each concentration. The
plates were incubated at 37 ◦C in humidified incubator with 5% CO2
(Thermo) for 48 h. All the tests were carried out in triplicate and the
cell proliferation was evaluated using MTT  method. Briefly, 30 �L
of MTT  solution (5mg mL−1) were added to each well 4 h before
the end of incubation. After centrifugation of the plates (2000 rpm,
5 min), untransformed MTT  was removed carefully by pipetting.
Then 100 �L of DMSO (produced Zhengxing Institute of Chemical

Engineering in Suzhou, China.) was  added into each well to dissolve
the formazan crystals. The plates were shaken for 10 min to com-
pletely dissolve the crystals. The absorbance of the cells in each well
was measured using the microliter enzyme-linked immunosorbent
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Table 1
Uncoded and coded levels of the independent variables of the EE for the Box–Behnken.

Variable Symbols uncodeed Coded Coded levels

−1 0 1

Soybean phosphatide to cholesterol ratio (w/w) X1 A 8:1 10:1 12:1
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EE were estimated using the model equation by solving the regres-
Soybean phosphatide to tween 80 ratio (w/w) X2
Ultrasonic time(min) X3 

ssay reader (Model RT-6000, Leidu Co., Ltd. Shenzhen City) at a
ave length of 570 nm (Huang et al., 2014).

.4. Statistical analysis

Design Expert Version 8.06 was used to analyze the exper-
mental data of the optimization of GLPL preparation and the
econd-order polynomial equation, ANOVA of the quadratic regres-
ion model, the optimal conditions were showed. By analyzing the
esponse surface contour plots, the interaction among the corre-
ponding function on the response and the different independent
ariables was analyzed. Data of the Splenocyte proliferation exper-
ment were expressed as the mean ± standard Deviation (S.D.).
uncan and LSD’s multiple range test were used to compare the
arameter between groups. P values of less than 0.05 were consid-
red statistically significant.

. Result and discussion

.1. Statistical analysis and model fitting

RSM as an effective means for optimization was used to opti-
ize the preparation of GLPL. Response surface methodology

RSM) is a collection of statistical and mathematical techniques
seful for developing, improving, and optimizing processes. It
olves multivariable data which is obtained from properly designed
xperiments to solve multivariable equations simultaneously. A
tandard Box–Behnken design (BBD) was applied as design of
xperiment to identify the relationship between the response func-
ion and the process variables.

According to the single-factor experiment results, the coded
actor levels and real values of three factors (ratio of soybean phos-
holipid to cholesterol (w/w), ratio of soybean phospholipid to
ween-80 (w/w) and ultrasonic time(min) are adopted in this study
Table 1). There was a 17-run BBD with three factors and three
evels for fitting a second-order response surface to optimize the
reparation conditions (Table 2). The experimental sequence was
andomized in order to minimize the effects of uncontrolled factors.
t can be seen from Table 2 that there is considerable variation in EE
epending upon preparation conditions. These results also showed
hat the EE of GLPL ranged from 37.53% to 71.04%. The highest EE
alue (71.04%) was found in conditions of A = 10, B = 9 and C = 10. The
ata obtained from the three level BBD matrix yielded the following
egression equation (Eq. (1)), which was an empirical relationship
etween EE and the test variables.

By statistically processed and fitting, the multiple second-order
quations were obtained as follows: The coded form:

 = 69.84 + 6.17A + 4.14B + 1.08C + 1.98AB + 5.87AC + 3.54BC

− 9.47A2 − 5.31B2 − 11.02C2 (2)

The ANOVA was carried out to determine the significance of the

esponse surface quadratic model and significance of the regression
oefficients were evaluated by their corresponding F-value and P-
alues in Table 3. And the F-test had a high model F-value (80.98)
nd a very low P-value (P < 0.0001). The smaller the P-values were,
B 6:1 9:1 12:1
C 5 10 15

the bigger the significance of the corresponding coefficient was
(Murthy, Swaminathan, Rakshit, & Kosugi, 2000), which implied
the model was suitable for use. The Model F-value 80.98 implied
that model was significant. The determination coefficients (R2) and
the multiple correlation coefficients (R) were used to confirm the
quality of the model. In our study, the coefficient of determina-
tion (R2) of the model was  0.9905 in Table 3, which indicated
good agreement between the experimental and predicted values
of EE. The F-value and P-value of “lack-of-fit” was 4.18 and 0.1004,
respectively, which indicated that the “lack-of-fit” was  insignifi-
cant relative to the pure error. It indicates that the model equation
was adequate for predicting EE under any combination of values of
the variables.

3.2. Optimization of preparation condition

The 3-D response surface and 2-D contour plots that are the
graphical representations of regression equation obtained from the
calculated response surface are indicated in Fig. 1. They showed
three independent response surface plots and their respective con-
tour plots, which provide a means of visualizing the relationship
between the responses and experimental levels of each variable
and the type of interactions between the two independent vari-
ables. The shapes of the contour plots (circular or elliptical) indicate
whether the mutual interactions between the variables are signif-
icant or not. Circular contour plots indicate that the interactions
between the corresponding variables are negligible, while ellip-
tical contour plots indicate that the interactions between the
corresponding variables are significant (Muralidhar, Chirumamila,
Marchant, & Nigam, 2001). In the project, three independent
response surface plots and their respective contour plots were
obtained using Design-Expert 8.06 as shown in Fig. 1.

In Fig. 1, the interactions between two independent variables
and their optimum ranges can be obtained. It is clear that EE
changes with minor alterations of the test variables (ratio of soy-
bean phospholipid to cholesterol, ratio of soybean phospholipid
to tween-80, and ultrasonic time). In addition, three interactions
(ratio of soybean phospholipid to cholesterol and ratio of soy-
bean phospholipid to tween-80, ratio of soybean phospholipid to
cholesterol and ultrasonic time, ratio of soybean phospholipid to
cholesterol and ultrasonic time) among the tested variables are
significant (P < 0.05). Through analyzing these 3D response surface
and their respective contour plots, it is convenient to understand
the interactions between two  independent variables and to locate
their optimum ranges. In addition, the predicted EE was observed
as 69.84% and found to lie in the following ranges of the exam-
ined variables: (ratio of soybean phospholipid to cholesterol being
from 10.05:1 to 11.43:1, ratio of soybean phospholipid to tween-80
being from 9.10:1 to 11.49:1, and ultrasonic time being from 9.21
to 11.94 min).

The optimum conditions (A = 10.93, B = 10.69, and C = 11.32) for
sion equation and analyzing the response surface contour plots.
Under the above conditions, predicted values were 72.58% from
fitted equations, slightly higher than that obtained from plots
analysis.
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Fig. 1. 2-D contour plots and 3-D response surface plots showing effects of various parameters on EE.
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Table 2
The BBD matrix and the experimental data for the responses.

No. Levels of independent factors Response EE (%)

A B C Practical acquired EE Predicted acquired EE

1 12:1 6:1 10 55.71 55.10
2  8:1 6:1 10 48.33 46.72
3  12:1 12:1 10 65.73 67.34
4  8:1 12:1 10 50.43 51.04
5  12:1 9:1 5 49.42 48.56
6  8:1 9:1 5 47.82 47.96
7  12:1 9:1 15 62.6 62.46
8  8:1 9:1 15 37.53 38.39
9  10:1 6:1 5 50.35 51.82
10  10:1 12:1 5 53.78 53.03
11  10:1 6:1 15 46.16 46.91
12  10:1 12:1 15 63.73 62.26
13  10:1 9:1 10 69.11 69.84
14  10:1 9:1 10 70.54 69.84
15  10:1 9:1 10 69.93 69.84
16  10:1 9:1 10 68.56 69.84
17  10:1 9:1 10 71.04 69.84

Table 3
Analysis of variance of the experimental results of the BBD.

Source Sum of squares df Mean square F value P-value Prob > F

Model 1768.56 9 196.51 80.98 <0.0001 significant
A  304.43 1 304.43 125.46 <0.0001
B  137.12 1 137.12 56.51 0.0001
C  9.35 1 9.35 3.85 0.0904
A  × B 15.68 1 15.68 6.46 0.0385
A  × C 137.71 1 137.71 56.75 0.0001
B  × C 49.98 1 49.98 20.6 0.0027
A  × A 377.94 1 377.94 155.75 <0.0001
B  × B 118.80 1 118.80 48.96 0.0002
C  × C 511.26 1 511.26 210.69 <0.0001

Residual 16.99 7 2.43
Lack of Fit 12.88 3 4.29 4.18 0.1004 not significant
Pure  Error 4.11 4 1.03
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the optimal conditions. Under optimal conditions, GLPL was
prepared and its immunological activity was  further investi-
gated.
Cor Total 1785.548 16

2 = 0.9905; R2
Adj

= 0.9783; R2
Pred

= 0.881.

The suitability of the model equation for predicting the
ptimum response values was tested using the recommended
ptimum conditions. Taking convenience into account, the opti-
um experimental parameters were determined as follows:

 = 11:1; B = 10.5:1; and C = 11. Then EEs of each batch were
etermined. The mean experimental EE 71.43 ± 0.49% was  close
o the predicted value of 72.58% (Table 4), which showed that
he response model was adequate for the preparation pro-
ess.

Response surface methodology (RSM) has been commonly used
or the optimization of formulations with drug in the develop-

ent of formulation design (Gupta, Assmus, Beckert, & Price,
001; Ko, Park, Park, Hwang, & Park, 2003). It is an effective
nd powerful statistical method for optimization on prepara-
ion of nanoparticles while reducing the number of experimental

rials required. The quality of drug liposome is affected by
ncapsulation efficiency of drugs and the high encapsulation
fficiency is the critical factor to decide the clinical curative

able 4
ptimized values obtained by constraints applied on EE.

Variable and response Optimum condition Modified condition

A (w/w) 10.93:1 11:1
B  (w/w) 10.69:1 10.5:1
C  (min) 11.32 11
EE  (%) 72.58 71.43 ± 0.49
effect of drugs (Xu, Zhang, & Wang, 2004). In the study, we
selected encapsulation efficiency as the response and optimized
the preparation condition of GLPL using RSM. The result showed
high encapsulation efficiency (71.43 ± 0.49%) was  prepared under
Fig. 2. Transmission electron micrograph of GLPL.
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Fig. 3. (A) The change of splenic lymphocyte proliferation in single stimulation of drugs (A570). a–cBars in the figure without the same superscipts differ significantly (P < 0.05).
(B)  The change of splenic lymphocyte proliferation in synergistical stimulation of drugs with PHA (A570). a–dBars in the figure without the same superscipts differ significantly
(P  < 0.05). (C) The change of splenic lymphocyte proliferation in synergistical stimulation of drugs with LPS (A570). a–dBars in the figure without the same superscipts differ
significantly (P < 0.05).
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.3. Characterization of GLPL

Macroscopic appearance of the GLPL showed the homogeneous
light yellow–white and translucent suspension. By Transmission
lectron micrograph of GPSL, GLPL appeared nearly spherical shape
nd the monodisperse vesicles (Fig. 2). The particle diameters for
LPL were 164.3 ± 9.2 nm.  Mean size and size distribution values
re physicochemical parameters that have to be modulated as a
unction of the proposed application for a certain liposomal sys-
em (Grazia Calvagno et al., 2007). The well characterized novel
LPL formulation was manufactured and it was selected for further
xperimentation.

.4. Splenocyte proliferation assay in vitro

The spleen plays an important role as main immune organ in
reventing disease. The splenic lymphocytes proliferation was used
s important indicator to study immune response and evaluate cel-
ular immune function. After stimulated by antigenic properties,

 and B lymphocytes could proliferate and differentiate, generate
pecific immune response, and produce lymphokine and antibody,
hey are considered as the most important immune effector cell
Minato et al., 2004). By determining the proliferation of splenic
ymphocytes, the activity and action mechanism of drugs can be
valuated preliminary. To investigate the role of GLPL on immuno-
ogical enhancement, the effect on splenic lymphocyte proliferation

as examined.
The effect of spleen lymphocyte proliferation in single stim-

lation of drugs was shown in Fig. 3A. The A570 values of GLPL
radually became higher from 7.813 �g mL−1 to 62.5 �g mL−1 but
lightly lowered after 62.5 �g mL−1. The A570 values of GLPL were
ignificantly higher compared with those of GLP and BL at the
ame concentration (P < 0.05) and the highest A570 value was at
2.5 �g mL−1.

The effect of spleen lymphocyte proliferation in synergistical
timulation of drugs with PHA was shown in Fig. 3B. The A570 values
f GLPL became higher from 7.813 �g mL−1 to 62.5 �g mL−1 but
owered after 62.5 �g mL−1 after synergistic stimulation with PHA.
he A570 values of GLPL were significantly higher compared with
hose of GLP and BL under the same concentration (P < 0.05) and the
ighest A570 value was at 62.5 �g mL−1 after synergistic stimulation
ith PHA.

The effect of spleen lymphocyte proliferation in synergistical
timulation of drugs with LPS was shown in Fig. 3C. The A570 values
f GLPL slightly became higher from 7.813 �g mL−1 to 62.5 �g mL−1

ut lowered to 62.5 �g mL−1 after synergistic stimulation with LPS.
he A570 values of GLPL were significantly higher compared with
hose of GLP and BL at the same concentration (P < 0.05) and the
ighest A570 value was at 62.5 �g mL−1.

The results of this study showed that the A570 values of GLPL at
ve concentration groups were the highest not only in single stim-
lation but also in synergistical stimulation with PHA or LPS, and
ignificantly higher than those in BL and GLP at most concentra-
ion groups. It demonstrated that both T and B cells were activated
y GLPL and the immune enhancement activity of GLP was signif-

cantly improved with combination of GLP and liposome delivery
ystem.

Liposomes, as the first closed bilayer phospholipid systems,
ere described in 1965 and soon were proposed as drug deliv-

ry systems. They have successfully been used to encapsulate toxic
rugs and deliver them as a non-toxic and more effective therapeu-
ic (Gruber et al., 1989; Konigsberg, Godtel, Kissel, & Richer, 1998).

iposomes have led to numerous clinical trials in such diverse areas
s the delivery of anti-cancer, anti-fungal and antibiotic drugs, the
elivery of gene medicines, and the delivery of anesthetics and anti-

nflammatory drugs (Allen & Cullis, 2013). The ability of liposomes
ers 117 (2015) 510–517

to increase the therapeutic activity of drugs has been proposed to
be due to the ability of vesicular systems to enhance drug pene-
tration (Betz, Aeppli, Menshutina, & Leuenberger, 2005), improve
pharmacological properties (Sharma, Jain, & Vyas, 1994), control
drug release (Fang, Leu, Chang, Lin, & Tsai, 2004) and serve as pho-
toprotection system for drugs (Arsić & Vuleta, 2001). In many cases,
the drugs of liposomal formulation have been used in recent years,
with at least additive increases in therapeutic outcomes for the
combinations compared to individual therapies.

In this study, the results showed that GLPL had significantly
enhanced proliferation of the splenic lymphocyte of mice both in
single stimulation and synergistical stimulation with PHA or LPS,
which indicated immunological activity of GLP was enhanced by
liposome delivery system and provides the basis for future research.

4. Conclusion

Preparation of liposomes using RSM was found to be well suited
and sound approach to obtain optimal liposomal formulation of
GLP. The optimal preparation conditions for the GLPL were as fol-
lows: soybean phosphatide to cholesterol ratio of 11:1, soybean
phosphatide to tween 80 ratio of 10.5:1 and ultrasonic time (min) of
11. Under these conditions, the GLPL were small homogenous vesi-
cles and the experimental EE was 71.43 ± 0.49%, which was close
to the predicted value (Table 4). From the results of GLPL on splenic
lymphocyte proliferation test in vitro, it could be concluded that
stimulation on splenic lymphocyte proliferation of GLPL was  sig-
nificantly improved after encapsulation with liposomes. In brief,
these findings indicated that the immunological enhancement of
GLP was  significantly enhanced after encapsulation with liposome,
which provides the basis for further intensive study.
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