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In this study, ginsenoside Rg3-loaded PEGylated liposomes were prepared and optimized using the Box-
Behnken design. These liposomes were characterized, the cumulative release profiles were investigated 
and compared with ginsenoside Rg3-loaded liposomes in vitro. To improve the stability ginsenoside 
Rg3-loaded PEGylated liposomes were freeze-dried and the lyoprotectants to be added were screened. 
The results showed that the liposomes have a small particle size (152.58±0.74 nm) and spherical shape. 
The encapsulation efficiency and drug-loading rate were approximately 85.24±1.02 and 7.44±0.08 %, 
respectively. For lyoprotectants, 2 % lactose was chosen as the lyophilized protectant according to the 
appearance, re-dispersity, particle size, and entrapment efficiency of lyophilization of ginsenoside Rg3-
loaded PEGylated liposomes. In vitro release showed that ginsenoside Rg3-loaded PEGylated liposomes 
showed a more obvious sustained release effect, which suggests that ginsenoside Rg3-loaded PEGylated 
liposomes might enhance the therapeutic effect of ginsenoside Rg3.
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Ginseng, the root of Panax ginseng, has been used 
globally for thousands of years as a herbal drug[1]. 
Ginsenoside Rg3 (G-Rg3), a primary bioactive 
component of P. ginseng, has been extracted and studied 
extensively for its anticancer properties. Ginseng can 
prevent tumor cell adhesion, invasion and metastasis. 
Furthermore, it can inhibit tumor cell proliferation 
and induce apoptosis[2]. The combination of G-Rg3 
with other chemotherapeutics has been found to have 
a synergistic effect[3-5]. Although G-Rg3 possesses a 
variety of medical activities, the clinical application 
of G-Rg3 is restricted due to its poor water solubility, 
short circulation half-life and poor target specificity[2,6,7]. 
For this reason, to improve the bioavailability and 
therapeutic effect of G-Rg3, current research is focused 
on improving its delivery efficiency by developing new 
formulations. Zhang et al.[8] prepared a G-Rg3 inclusion 
compound using a magnetic stirring method. Compared 
to G-Rg3, the solubility of the inclusion compound 
was enhanced approximately 19 fold. Geng et al.[9] 
prepared G-Rg3-loaded PEG/PLGA nanoparticles. 
Compared to G-Rg3, G-Rg3-loaded nanoparticles had a 

sustained-release effect and maintained a suitable blood 
concentration over a long period of time. In addition, 
G-Rg3-loaded PEG/PLGA nanoparticles promoted the 
antitumor effect of G-Rg3 in Lewis lung cancer mice. Yu 
et al.[6] found that the cytotoxicity and tumor inhibitory 
potential of liposomal G-Rg3 was significantly higher 
than the G-Rg3 solution group. 

In recent years, stable circulating liposomes have been 
studied as they can improve the in vivo half-lives of 
conventional liposomes by reducing macrophage 
phagocytosis to reduce the clearance[10-14]. Through 
the enhanced permeability and retention (EPR) effects 
on solid tumors, long-circulating liposomes can also 
increase the concentration of a drug at the target area, 
thereby achieving a better anticancer therapeutic effect. 
Studies have also found that PEGylated liposomes 
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are stable for up to several months of storage at low 
temperature[15]. In this study, PEGylated liposomes 
were prepared to deliver G-Rg3 and their potential 
investigated to provide a direction for future anticancer 
research. 

A reasonable experimental design is very important, 
especially when complex formulations need to be 
developed, as it can save time, money and reduce 
experimental errors to obtain reliable experimental data. 
In particular, the multivariate strategy of experimental 
design allows simultaneous investigation of the effects 
of several variables, their actual significance on the 
considered response and the possible interrelationship 
among them. This approach yields maximum 
information with a small number of experiments[16]. 
Response surface methodology (RSM) explores the 
relationships between several independent variables 
and one or more response variables[17]. RSM includes 
central composite design (CCD), Box-Behnken design 
(BBD) and Doehlert design (DM). Present study used 
BBD since it has a high fitting correlation coefficient, 
good predictability and high precision and has been 
considered to be a cost-effective technique compared 
to the other usual processes of formulation and 
optimization because it requires fewer experimental 
runs and therefore saves time[18].

In this study, the formulation process of G-Rg3-loaded 
PEGylated liposomes (G-Rg3-PLP) were screened 
using a three-level three-factor BBD. The independent 
variables selected were phosphatidylcholine:cholesterol 
(PC:Chol, wt/wt) ratio (X1), PC:N-(carbonyl-
methoxypolyethylene glycol 2000)-1,2-distearoyl-sn-
glycero-3-phosphoethanolamine (DSPE-PEG2000) ratio 
(mol/mol) (X2) and PC: G-Rg3 ratio (wt/wt) (X3). The 
encapsulation efficiency (EE, Y1) and the drug-loading 
rate (DL, Y2) were selected as dependent variables. The 
characterization of the liposomes was also studied.

MATERIALS AND METHODS

G-Rg3 was purchased from Nanjing Langze 
Biotechnology Co., Ltd. (Nanjing, China). 
PC and N-(carbonyl-methoxypolyethylene 
glycol 2000)-1,2-distearoyl-sn-glycero-3-
phosphoethanolamine (DSPE-PEG2000) were purchased 
from Avanti Polar Lipids Inc. (Suffolk, England). 
Cholesterol was purchased from Beijing Solar 
Bioscience & Technology Co., Ltd. (Beijing, China). 
Methanol and acetonitrile were obtained from Sigma 
Chemical Co. (St. Louis, MO, USA). Ultrapure water 
used for liquid chromatography/UV/Vis spectrum (LC/

UV) was obtained using a Milli-Q water purification 
system.

Preparation of G-Rg3-PLP:

G-Rg3-PLP was prepared using the film dispersion-
ultrasonic method[19]. Briefly, phosphatidylcholine, 
cholesterol, DSPE-PEG2000, and G-Rg3 were accurately 
weighed and dissolved in a 3:2 v/v mixture of 
methanol:chloroform. After these were dissolved 
completely, the solvent was evaporated using a rotary 
evaporator at 60° to form a thin dry film. The film was 
dried further in a vacuum oven overnight. The dried lipid 
film was hydrated in phosphate buffered saline (PBS, 
pH 7.4) at 40°. The dispersion was sonicated using a 
Scientz-II D ultrasonic cell crusher (Zhejiang, China, 
200 w, ultrasound 3 s, intermittent 3 s) to reduce particle 
size and then passed through a 0.45 μm filter membrane 
to remove larger liposomes. The final products were 
stored at 4° until further use. Blank liposomes (without 
G-Rg3) and conventional liposomes (without DSPE-
PEG2000) were also prepared using the same method.

Characterization of G-Rg3-PLP:

The morphology of G-Rg3-PLP was observed using 
a transmission electron microscope (TEM, (HT7700, 
Hitachi, Japan). The sample was dropped onto the grid 
and dried completely at room temperature. After counter-
staining it with 2 %, w/v aqueous phosphotungstic acid 
solution, TEM images were taken. The particle size 
and zeta potential of G-Rg3-PLP were measured with a 
laser particle size analyser (JL-1197, Chengdu Jingxin 
Powder Testing Equipment Co., Ltd. Sichan, China) 
and zeta potential analyser (Bl-90 Plus, Holtsville, New 
York, USA), respectively.

Determination of entrapment efficiency (EE) and 
drug loading capacity (DL):

One millilitre of G-Rg3-PLP solution was transferred 
into 1.5 ml tubes (n=3) and centrifuged for 90 min at 
15 000 rpm using a high-speed refrigerated centrifuge. 
The concentration of G-Rg3 (C2) in the supernatant 
was analysed on a high pressure/performance liquid 
chromatography (HPLC) system. The precipitate was 
collected, dried, and weighed (W1) and the amount of 
G-Rg3 in the powder (W2) was measured by HPLC. 
The same volume of G-Rg3-PLP was degraded by 
demulsification and the drug concentration (C1) was 
measured. Data were analysed by independent-samples 
t tests using SPSS16.0 software. P<0.05 was considered 
statistically significant. The EE and DL capacity 
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were calculated by the following formula: EE % =  
1-C2/C1×100, and DL %= W2/W1×100.

Box-Behnken design:

EE is an important evaluation parameter for liposomes 
and is affected by the amount of PC, Chol, and DSPE-
PEG2000 in the liposomes[20-24]. Therefore, in this study, a 
three-level three-factor BBD was employed to optimize 
the formulation variables. Based on the preliminary 
experimental results, three independent variables, 
PC:Chol ratio (wt/wt) (X1), PC:DSPE-PEG2000 ratio 
(mol/mol) (X2), and PC:G-Rg3 ratio (wt/wt) (X3) 
were evaluated and the EE (Y1) and DL (Y2) were 
selected as dependent variables. In the multi-index 
test, considering the interplay between various factors, 
a comprehensive evaluation index-overall desirability 
(OD) was introduced and calculated by the following 
Eqn., di=(Yi-Ymin)/(Ymax-Ymin) OD=(d1d2d3……
dn)1/n. Yi is the measured value and Ymin is each index 
minimum value. Ymax is the index maximum value. 
According to experimental purposes and the standards 
of Chinese Pharmacopoeia, we set Y1=70–100 %, 
Y2=3–8 %, Yi ≥ Ymax, di=1, Yi ≤ Ymin, and di=0.

In vitro release:

The release of G-Rg3 from G-Rg3-PLP was investigated 
using the dialysis method. Briefly, volumes of G-Rg3-
LP and G-Rg3-PLP suspension equivalent to 2 mg 
G-Rg3 were accurately measured and placed into 
dialysis bags. Then, the dialysis bags were immersed 
in 100 ml dialysate (30 % ethanol PBS (pH=7.4)) and 
the mixture was stirred at 120 rpm at 37°. Samples  
(1 ml of dialysate) were taken at predetermined times 
(0, 0.5, 1, 2, 3, 4, 5, 6, 8, 12, 24, 36, 48, 60 and 72 h), 
and replaced with an equal volume of fresh dialysate 
medium. The sample was filtered through a 0.45 μm 
Nylon 66 membrane syringe filter and without any 
further treatment injected into HPLC-UV for G-Rg3 
determination. The cumulative release rate was 
calculated according to the following formula, F (%) = 
Cn×V+∑i=n=1

n=1Ci×Vi/Q×100, where F is the cumulative 
release rate, Cn is the dialysate drug concentration at a 
predetermined time, V is the total volume of dialysate, 
Q is the initial total drug dose before dialysis, Ci is the 
dialysate drug concentration at the last sample time, 
and Vi is the sample volume.

Preparation of lyophilized G-Rg3-PLP: 

The G-Rg3-PLP suspension was mixed with different 
lyoprotectants and placed in a penicillin bottle for 
freeze-drying. The bottle was successively placed in 

−20 and −40° refrigerators for prefreezing, followed by 
lyophilization using a freeze-dryer (BTP-3L-ES-55, SP 
Scientific, USA) at −52 to −55° for 48 h. The lyophilized 
powder of G-Rg3-PLP was stored at 4° for further use.

RESULTS AND DISCUSSION

G-Rg3-PLP was prepared using the film dispersion-
ultrasonication method. As shown in fig. 1A, G-Rg3-
PLP exhibited spherical shape and were monodispersed. 
The particle size of G-Rg3-PLP was approximately 
152.58±0.74 nm and the polydispersity index (PDI) 
was 0.293 (fig.1B), indicating that the particle size 
was uniform. The zeta potential was −26.73±0.57 mV  
(fig. 1C) as measured by a zeta potential analyser. 

Liposomes are versatile drug carriers. Hydrophobic 
drugs are incorporated into the lipid bilayers, while 
hydrophilic drugs are usually encapsulated in the 
aqueous compartments. EE is one of the main 
evaluation indices for liposomes and was determined 
by comparing the concentration of G-Rg3 in liposomes 
with the initial concentration of G-Rg3 (fig. 2). 
Therefore, the separation of free drug from liposomes 
is important. The determination method included high-
speed centrifugation, dialysis, column chromatography, 
and microcolumn centrifugation. Considering the poor 
water solubility of G-Rg3, it is difficult to elute by 
column chromatography. Furthermore, the addition of 
organic solvent may lead to the leakage of liposomes. 
The dialysis method can be used to determine the EE 
of liposomes, because the dialysate is much larger 
than liposomes and free drug, it is easy to destroy the 
dynamic balance between them. Meanwhile, due to 
the poor stability of liposomes, the encapsulated drugs 
were prone to leakage. Sephadex chromatography 
requires a large sample loading quantity and has a 
long separation time. The process of eluent separation 
greatly dilutes the liposomes and free drug, which 
may cause liposomal leakage. Feix et al. proposed the 
microcolumn centrifugation method[25], which has the 
advantage of only needing a small loading quantity of a 
sample, a small volume of eluent, and a short separation 
time.

In this study, both the microcolumn and high-speed 
centrifugation methods were investigated. For the 
microcolumn centrifugation method, Sephadex LH- 
20 microcolumns were used, and the centrifugation 
speed was 1000 rpm. The microcolumn elution curve 
showed that it could separate the free drug and liposomes 
very well and that the average recovery was 97.19 
±0.99 %, which indicated that this method was accurate 
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and feasible. High-speed refrigerated centrifugation is 
a method used to separate free drug from liposomes by 
gravity. The rotational speed and rotational time were 
two factors influencing the accuracy of measurement 
results. The results showed that the EE of liposomes was 
significantly different at different centrifugal speeds. 
Increases in centrifugal speed led to an increase in the 
EE of liposomes. The highest EE was at 15 000 rpm, 
which was similar to that measured by the microcolumn 
centrifugation method. When the centrifugation time 

was longer than 90 min, the EE has no significant 
change. There was no significant difference in the EE 
of liposomes in response to different centrifugation 
times. EE increased slightly as centrifugation times 
increased. When the centrifugation time was more 
than 90 min, the EE did not change; thus, the optimal 
centrifugation speed and time were determined to be 
15 000 rpm and 90 min, respectively (the average 
recoveries of high, medium, and low concentration drug 
solutions was 98.27 %). Overall, both the Sephadex 

Fig. 1: The Characterization of G-Rg3-PLP
(A) TEM of G-Rg3-PLP, (B) Particle size of G-Rg3-PLP, (C) Zeta potential of G-Rg3-PLP (▬)

Fig. 2: The entrapment efficiency of G-Rg3 
The influence of (A) different rotational speed or (B) different rotational time on The EE of G-Rg3, n=3, *p<0.05
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a quadratic model by one-way analysis of variance 
(ANOVA). The results of the ANOVA for the 3 
responses are shown in Table 2. The analysis showed 
that the models of DL and OD were significant at the 
95 % confidence level and that the lack of fit was not 
significant (p>0.05). Meanwhile, the model of EE was 
significant at the 95 % confidence level and the lack 
of fit was significant (p<0.05). Additionally, due to the 
complication and interaction of the response variables, 
a signal traditional forecasting model could not be 
relied to get accurate results for the EE and DL. Thus, 
the model of OD was chosen to analyse and predict the 
prescription and the results were considered adequate. 

LH-20 microcolumn centrifugation and high-speed 
freezing centrifugation methods effectively separated 
G-Rg3-PLP and free G-Rg3. While the input sample 
quantity of high-speed freezing centrifugation is small, 
the operation is simple and can maintain the stability 
of liposomes in low temperatures. Therefore, the EE 
and DL of G-Rg3-PLP were measured using the high-
speed freezing centrifugation method for the following 
experiments.

After determining the EE and DL determination method, 
the formulation of G-Rg3-PLP was investigated. 
According to the related references and data from 
preliminary experiments, the technological conditions 
(e.g., incubation temperature, hydration temperature) 
and the prescription parameters (pH of PBS) were 
screened by single factor investigation. The incubation 
temperature was set to 60°, the hydration temperature 
was 40° and the pH of PBS was set to 7.4. Among 
these variables, the incubation temperature had a large 
impact on EE. This could be because as the acyl side 
in the lipid bilayer of liposomes changes from order to 
disorder, the film changes from gel crystalline to liquid 
crystalline at the phase-transition temperature[26]. This 
leads to a decrease in the thickness of the lipid bilayer 
and the cross-sectional area of the membrane and 
membrane fluidity increase[27]. When the incubation 
temperature was above the phase-transition temperature, 
the phospholipid membrane has greater fluidity and 
permeability and the drug loading increased[28].

The amount of PC, Chol, and DSPE-PEG2000 in 
the liposomes was optimized by applying BBD. The 
corresponding values of BBD were observed and are 
shown in Table 1. Experimental data was fitted to 

Run X1 X2 X3 EE (%) DL(%) OD
1 1 -1 0 81.32 6.14 0.163
2 -1 0 -1 50.23 7.53 0
3 0 0 0 78.66 6.64 0.313
4 -1 -1 0 65.83 6.49 0
5 0 -1 -1 84.93 7.06 0.514
6 0 0 0 79.55 6.66 0.324
7 0 -1 1 66.26 5.11 0
8 -1 0 1 39.38 4.95 0
9 -1 1 0 67.47 6.75 0
10 0 0 0 84.21 7.32 0.559
11 1 1 0 85.48 7.01 0.510
12 1 0 1 74.24 5.31 0
13 0 0 0 83.33 6.74 0.405
14 0 0 0 82.15 6.69 0.374
15 1 0 -1 80.01 7.21 0.449
16 0 1 1 73.22 5.16 0
17 0 1 -1 86.37 7.43 0.625

TABLE 1: BOX-BEHNKEN DESIGN AND THE 
CORRESPONDING RESPONSE MEASUREMENTS

X1 is PC:Chol ratio, X2 is PC:DSPE-PEG2000 ratio, X3 is PC:G-Rg3 ratio, 
EE is encapsulation efficiency, DL is drug-loading rate, OD is overall 
desirability

Source Sum of Squares df Mean Squares F value P value
Model 0.79 9 0.088 5.52 0.0173 Significant
X1 0.16 1 0.16 9.84 0.0165

X2 0.026 1 0.026 1.64 0.2412

X3 0.32 1 0.32 19.71 0.0030

X1 X2 0.030 1 0.030 1.88 0.2124

X1 X3 0.050 1 0.050 3.15 0.1191

X2 X3 3.080E-003 1 3.080E-003 0.19 0.6740

X12 0.17 1 0.17 10.49 0.0143

X22 3.098E-003 1 3.098E-003 0.19 0.6731

X32 0.029 1 0.029 1.82 0.2194

Residual 0.11 7 0.016
Lack of Fit 0.073 3 0.024 2.47 0.2010 not significant
Pure Error 0.039 4 9.801E-003

Cor Total 0.91 16

TABLE 2: ANOVA FOR RESPONSE SURFACE QUADRATIC OF OD
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The ANOVA test for OD indicated that the linear model 
was significant (p<0.05). The model of OD was fitted 
by Design-Expert 8.0.6 software and a formula was 
established. The resulting regressive equation, which 
rejects the undistinguished variables with the F-test of 
every index in terms of coded values was as follows: 
OD=−1.38399+0.19428X1+0.16665X3-6.59917E-
003X2

1 (R
2=0.8766).

The result of the regression OD equation indicated that 
R2=0.8766, meaning it is suitable for the desired model. 
The 3D surface model of the 3 indices of EE, DL and 
OD with independent variables is shown in fig. 3. The 
software predicted the optimum PC:Chol, PC:DSPE-
PEG2000 and PC:G-Rg3 ratios, which were 14:1,  
5 % and 8:1, respectively. The predicted entrapment 
efficiency and drug loading rates were 87.71 and 
7.50 %, respectively. A verification experiment was 
completed, and the result was consistent with theoretical 
predictions.

In this study, the cumulative release rate of G-Rg3 from 
G-Rg3-PLP or G-Rg3-LP was investigated. Rg3 has low 
solubility in water, which means a delivery vehicle is 
needed if this drug is to be administered systemically[6]. 
Therefore, in this study, the release profiles of G-Rg3-
LP and G-Rg3-PLP were investigated. Due to the low 
water solubility of G-Rg3, 30 % ethanol PBS (pH=7.4) 
was selected as the dialysate to improve the solubility 
of G-Rg3; the results are shown in fig. 4. Compared 

with G-Rg3-LP, G-Rg3-PLP showed a more obvious 
sustained release effect. This may be due to the steric 
effect of the polyethylene glycol (PEG) chain, which 
can prevent drug diffusion[28]. Both groups did not 
display a burst effect at their initial release patterns.

Considering that aggregation, fusion, precipitation, 
and drug leakage may occur during storage and 
transportation[10], the stability of G-Rg3-PLP needs 
to be improved. Freeze-drying is a promising method 
to extend the life shelf of liposomes; however, the 
sublimation of ice or crystallization may occur during the 
phase transition, which can disrupt the integrity of lipid 
membranes. Therefore, the addition of lyoprotectants is 
necessary to prevent changes in appearance, increases 
in particle size, and decreases in drug loading[29,30]. 
Different lyoprotectants were screened in this study 
according to the appearance, re-dispersity, particle size, 
and entrapment efficiency of lyophilization of G-Rg3-
PLP (Table 3). When mannitol and PEG6000 are used 
as freeze-drying protectors, the redispersion effect is 
poor and the particle size is large. When hydroxypropyl-
β-cyclodextrin is used as freeze-drying protectant, 
the encapsulation efficiency changes greatly. When 
glucose is used as freeze-drying protective agent, the 
appearance of the freeze-dried product is poor. Finally, 
two percent lactose was chosen as the protectant because 
its reconstruction time is short, the particle size is small, 
and the encapsulation efficiency changed only slightly. 

Fig. 3: Response 3D plots 
A. EE；B. DL；C. OD；D. desirability
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The protection mechanism of lyophilized protectants 
can be divided into the water replacement hypothesis 
and the vitrification model. The water replacement 
hypothesis was first proposed by Crowe et al.[31], in 
which sugars reduce the interactions between the water 
and phospholipids and eventually replace the water. In 
this process, the head group spacing is maintained and 
van der Waals interactions among the acyl chains of 
phospholipids are reduced[32,33]. The other lyoprotective 
mechanism is the vitrification model proposed by 
Koster et al.[34] The sugar solution generates a stable 
glassy state during freezing at low temperature, reduces 
crystallization during lyophilization, effectively 
prevents the aggregation of polymer particles, and 

protects the integrity of the structure of the bilayer of 
liposome phospholipids[35] .

In this study, G-Rg3-PLP was successfully prepared 
using film dispersion-ultrasonic technology. G-Rg3-
PLP had a small particle size and high EE. In vitro 
release showed that G-Rg3-PLP had a more obvious 
sustained release effect, which suggests that G-Rg3-
PLP may enhance the therapeutic effect of G-Rg3. The 
future work should focus on the pharmacokinetics of 
G-Rg3-PLP and its anticancer therapeutic effect.
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