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ABSTRACT
Liposomes have been widely used for targeted drug delivery, but the disadvantages caused by 
cholesterol limit the application of conventional liposomes in cancer treatment. The compatibility 
basis of couplet medicines and the compatibility principle of the traditional Chinese medicine 
principle of ‘monarch, minister, assistant and guide’ are the important theoretical basis of Chinese 
medicine in the treatment of tumor and the important method to solve the problem of high 
toxicity. In this study, the active ingredients of the couplet medicines Platycodon grandiflorum and 
Glycyrrhiza uralensis were innovatively utilized, and glycyrrhizic acid (GA) was encapsulated in 
liposomes constructed by mixing saponin and lecithin, and cholesterol was replaced by platycodin 
and ginsenoside to construct saponin liposomes (RP-lipo) for the drug delivery system of Chinese 
medicine. Compared with conventional liposomes, PR-lipo@GA has no significant difference in 
morphological characteristics and drug release behavior, and also shows stronger targeting of 
lung cancer cells and anti-tumor ability in vitro, which may be related to the pharmacological 
properties of saponins themselves. Thus, PR-lipo@GA not only innovatively challenges the status 
of cholesterol as a liposome component, but also provides another innovative potential system 
with multiple functions for the clinical application of TCM couplet medicines.

Introduction

Lung cancer is one of the malignancies with the highest 
incidence and mortality rates worldwide, and non-small cell 
lung cancer (NSCLC) accounts for up to 85% of these cancers 
(Bonanno et  al., 2011; Passaro et  al., 2022). Currently, the 
main treatment strategies for lung cancer patients include 
surgery, chemotherapy and radiotherapy. Although chemo-
therapy is the preferred option (Legha et  al., 2015; Meng 
et  al., 2022), treatment efficacy is hampered by the devel-
opment of drug resistance, unfavorable pharmacokinetics 
and insufficient accumulation of current therapeutic agents 
intratumorally. Meanwhile, conventional drug formulations 
are difficult to deliver to tumor tissues and therefore frequent 
drug administration may increase the incidence of toxic side 
effects.

Recently, countless studies have reported that the com-
bination of traditional Chinese medicine (TCM) can effectively 
improve the tumor condition and has the effect of increasing 
efficiency and reducing toxicity (Chen et  al., 2021; Jiang et  al., 
2016; Lu et  al., 2022). The couplet medicines are the bridge 
from a single Chinese medicine to a compound prescription, 
and the rules and mechanisms of the couplet medicines are 

one of the foundations of modern research on Chinese med-
icine compound prescriptions. Among the herbal formulas 
handed down to this day, the couplet medicines of Platycodon 
grandiflorum–Glycyrrhiza uralensis are often used in combi-
nation as the channel ushering drug for the lungs, which is 
beneficial for the treatment of lung diseases. The results of 
modern studies have also shown that the use of P. grandi-
florum and G. uralensis can effectively increase the aggrega-
tion concentration of roxithromycin and doxorubicin in the 
lung (Yang et  al., 2012; Li et  al. 2005). Licorice has the effects 
of invigorating the spleen and benefiting the lung, clearing 
away heat and detoxifying. Glycyrrhetinic acid is a bioactive 
ingredient extracted from licorice and it also has 
anti-inflammatory and antiviral activities. In addition, it has 
toxic effects on a variety of tumor cells. At present, glycyr-
rhetic acid has been used in the targeted therapy of liver 
cancer based on the receptors of glycyrrhizic acid (GA) pres-
ent on liver cancer cells. Studies have shown that GA can 
block the division and replication cycle of cancer cells in the 
G0/G1 phase, and can also induce mitochondria-dependent 
apoptosis in A549 lung cancer cells. Potential anti-cancer 
mechanisms are all GA can be used for the treatment of 
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lung cancer and provide support (Zhu et  al., 2015; Cai et  al., 
2016; Luo et  al., 2021).

Nanoparticle-based drug delivery systems are widely used 
in cancer therapeutic research for their excellent drug deliv-
ery ability in tumors and their controlled drug release char-
acteristics (Amin et  al., 2021; Capolla, 2021; Saadat et  al., 
2021). Among the many nanocarriers, liposomes have been 
extensively noticed for their excellent biocompatibility and 
high loading capacity for drugs with different physicochem-
ical properties (Li et  al., 2020; Narendra et  al., 2020; Zhou 
et  al., 2020). The ability to prolong the long circulation of 
drug delivery systems in the blood and avoid elimination by 
the reticuloendothelial system (RES) is often achieved by 
surface modification of polyethylene glycol (PEG) to deliver 
drugs to tumor tissues. Although polyethylene glycolylation 
could prolong the circulation time of liposomes in the blood, 
excessive PEG exposure can lead to the production of 
anti-PEG IgG, which induces immune responses and RES 
phagocytosis (Hu et  al., 2009; Su et  al., 2018). Therefore, the 
clinical application of polyethylene glycolylated nanocarriers 
remains a challenge.

The construction of multifunctional liposomes and their 
safety has been a hot topic of research since cholesterol is 
one of the components of liposomes, however, numerous 
studies have found that cholesterol has a series of side effects 
in the machine and has been questioned in clinical practice 
(Szebeni et  al., 2000; Moein Moghimi et  al., 2006). There are 
various substances with similar structure to cholesterol in 
nature, such as sterols (Yang et  al., 2013; Albuquerque et  al., 
2018; Monpara et  al., 2018) and saponins, which are active 
substances widely found in plants and mushrooms. Among 
them, saponins are abundant and mostly have good anti-
cancer, anti-inflammatory, immunomodulatory and other 
medicinal values. The saponins are used as lipid membrane 
modulating substances to replace cholesterol wrapped in 
liposomes to obtain new functional liposomes with pharma-
cological activity more promising applications (Lu et  al., 2018; 
Li et  al., 2019). Ginsenosides are the active ingredients 
extracted from ginseng belonging to sterol compounds, and 
there are many types, such as Rb1, Rb2, Rg1, Rg3, Rh2 etc. 
Different ginsenosides have different inhibitory effects on 
tumor cells (Ratan et  al., 2021; Jung et  al., 2022). It has been 
reported that paclitaxel-ginsenoside liposomes prepared by 
ginsenoside substitution for cholesterol have similar proper-
ties to cholesterol liposomes in terms of particle size and 
encapsulation rate, and have better long-circulation effects 
as well as synergistic anti-gastric cancer efficacy (Hong et  al., 
2019). In addition, ginsenosides have been shown to be sub-
strates of glucose-related transporter proteins, which are 
highly expressed in most types of tumor cells, and thus gin-
senosides could assist liposome accumulation at tumor sites 
by interacting with glucose transporter proteins (Chang 
et  al., 2007).

P. grandiflorum, known as the boat of the lungs, is often 
used to treat lung diseases. P. grandiflorum saponins are the 
active ingredients of P. grandiflorum as the key ingredient 
for introducing medicine into the lungs. P. grandiflorum sapo-
nins have anti-inflammatory and immune regulation (Shen 
et  al., 2019). The solubilizing effect determined by the surface 

activity and the effect on cell membrane permeability of 
platycodin, as the active component of P. grandiflorum, con-
tribute to drug aggregation in the lung may be the intrinsic 
basis for its channel affinity (Zhao et  al., 2015; Zhao 
et  al., 2015).

According to the couplet medicines of TCM and the ‘mon-
arch, minister, assistant and guide’ combination, this study 
has creatively interpreted it using nanodelivery system. 
Through the couplet medicines of P. grandiflorum and G. 
uralensis pair as the entry point, we used GA as the model 
drug and acted as the monarch drug. Ginsenoside and platy-
codin replace cholesterol and form mixed saponin liposomes 
with phospholipids as drug delivery systems, in which gin-
senoside is the minister drug, phospholipid is the assistant 
drug, and platycodin is the envoy drug, combining the tra-
ditional principles of TCM compounding with modern tar-
geted nanotechnology to achieve a synergistic therapeutic 
effect of two birds with one stone (Figure 1).

Materials and methods

Materials

Lecithin and cholesterol were purchased from Aladdin (China). 
Ginsenoside, platycodin and glycyrrhizic acid were obtained 
from Shanghai Yuanye Biotechnology Co (Shanghai, China). 
Coumarin 6 fluorescent dye was purchased from Adamas 
(Shanghai, China). MTT kits and apoptosis kits were pur-
chased from Shanghai Beyotime Biotechnology Co (Shanghai, 
China). The chemical reagents used in this experiment were 
purchased from Aladdin (China). The dialysis bag was pur-
chased from Beijing Bailingwei Company (Beijing, China).

Preparation and characterization of liposomes

Preparation of each group of liposomes was done by film 
dispersion method. Cholesterol liposomes (C-lipo@GA) were 
prepared from lecithin to cholesterol (10:3, mass ratio), gin-
senoside liposomes (R-lipo@GA) were prepared from lecithin 
to ginsenoside (10:3, mass ratio) and mixed saponin lipo-
somes (PR-lipo@GA) were prepared from lecithin to ginseno-
side and platycodin (10:2:1, mass ratio). Briefly, phospholipids 
and cholesterol/saponins are dissolved in an organic solvent 
(chloroform:ethanol = 1:1). Homogeneous lipid films were 
formed by rotary evaporator at 45 °C. The lipid films were 
hydrated with 2 mL of saline at 45 °C for 30 min, followed by 
sonication at 300 W, 20 Hz for 5 min under ice bath conditions 
to obtain a blank liposome solution.

The drug-laden liposomes were prepared by the same 
procedure as earlier, with a 10:1 mass ratio of lecithin to 
GA. The prepared drug-laden liposomes were passed 
through 220-nm microporous filter membrane to obtain 
homogeneous liposome solutions and then placed in a 
refrigerator at 4 °C. Subsequently, the particle size and zeta 
potential of each group of liposomes were measured by 
dynamic light scattering (DLS) with a Delsa Nano C 
(Beckman Coulter, USA). The drug-laden liposomes were 
appropriately diluted, stained with 1% mass fraction of 
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phosphotungstic acid and then morphologically observed 
under transmission electron microscope (TEM, H-600; 
Hitachi, Tokyo, Japan).

The drug content and release profile in vitro

The drug content in liposomes was determined by liquid 
chromatography (HPLC, Agilent 1260, USA). Methanol and 
1% glacial acetic acid aqueous solution (89:11, vol%) was 
chosen as the mobile phase with detection at 250 nm. Then, 
the drug encapsulation efficiency (EE, %) and loading effi-
ciency (LC, %) were calculated separately according to the 
following equations.

	 EE %
weight of  loaded GA
weight of GA in feed

%� � � �100 � (1)

	 LC %
weight of loaded GA

weight of GA loaded NPs
%� � � �100 � (2)

The in vitro drug release behavior of C-lipo@GA, P-lipo@
GA and RP-lipo@GA was investigated by using dialysis 
method to examine whether there is any difference in drug 
release from different formulations. Briefly, 2 mL of drug-laden 
liposomes were measured in a dialysis bag (MW: 2000 DA), 
placed in 45 mL of phosphate buffered salt solution (PBS) 
release medium. As for the 37 °C thermostatic shakers, 1 mL 
of sample was taken at a predetermined time point and 
supplemented with an equal amount of blank medium. After 
microporous membrane filtration, the peak areas were 
obtained using HPLC and the cumulative release of the sam-
ples at each time point was calculated according to the 
following equation.

	 Cumulative drug release % %� � � �
M
M

t

0

100 � (3)

where Mt is the weight of drug released at time t and M0 
is the weight of loaded drug. The release of the experiments 
was performed in triplicate.

The stability of liposomes

The stability of C-lipo@GA, P-lipo@GA and RP-lipo@GA were 
examined separately under the same in vitro environment. 
Briefly, C-lipo@GA, P-lipo@GA and RP-lipo@GA were incubated 
with PBS containing 10% fetal bovine serum for 48 h in an 
in vitro simulated blood environment, and the degree of 
change in particle size was measured by DLS.

Cell culture

RAW264.7, HUVECs and A549 cells were purchased from ATCC. 
Cells were cultured in dulbecco’s modified eagle medium 
(DMEM) high-glucose medium containing 10% fetal bovine 
serum (FBS) and 1% penicillin–streptomycin at 37 °C in a 5% 
CO2 incubator.

The biocompatibility of liposomes

In this study, the biocompatibility of liposomes was investi-
gated at the cellular and blood levels, respectively. The effects 
of blank liposomes (RP-lipo) on the cell viability of normal 
cells were investigated by 3-(4,5-Dimethyl-2-Thiazolyl)-
2,5-Diphenyl Tetrazolium Bromide (MTT) method. We selected 
HUVECs and RAW264.7 cells as normal cell models, and 
RP-lipo was incubated with them for 24 h, respectively, to 
detect the toxic effects of different concentrations of blank 
vector on vascular endothelial cells and immune cells.

Considering that saponins may cause hemolysis, we 
evaluated the hemolytic behavior of P-lipo@GA and 
RP-lipo@GA, respectively. Briefly, after blood sampling from 
mouse orbits, blood was centrifuged for 10 min at 4 °C, 
800g, and the lower red blood cells were collected and 
resuspended with isotonic PBS to obtain red blood cell 
suspensions, which were co-incubated with P-lipo@GA and 
RP-lipo@GA saline solutions, and saline and deionized 
water were set as negative and positive control groups, 
respectively, and left for 4 h at room temperature, and the 
hemolysis of each group was observed by centrifugation 
at 800g for 10 min under room temperature. The 

Figure 1.  The rational design of a multifunctional PR-lipo for targeted tumor therapy.
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supernatant of each group was collected, and the absor-
bance of each group was measured at 540 nm by multi-
functional enzyme marker, and the corresponding hemolysis 
rate was calculated by analysis.

Cellular uptake and localization in vitro

To investigate the uptake ability of the prepared mixed sapo-
nin liposomes by different cells, so as to evaluate its target-
ing effect on tumor cells, coumarin 6(C6) was used as a 
fluorescent probe to study the uptake of free C6, C-lipo@
C6, P-lipo@C6, RP-lipo@C6 in RAW264.7 and A549 cells. 
RAW264.7 cells were inoculated in 12-well plates at 2.0 × 105 
cells/well, and after incubation overnight, cells were 
co-incubated with media containing the same concentration 
(200 ng/mL) of C6, C-lipo@C6, P-lipo@C6 and RP-lipo@C6 for 
1 h, 2 h, 3 h and 4 h, respectively. Subsequently, the medium 
was washed three times with pre-cooled PBS, fixed and 
stained cells with 4’,6-diamidino-2-phenylindole (DAPI), and 
after washing three times with pre-chilled PBS, the uptake 
status of different groups of preparations by RAW264.7 cells 
was observed in fluorescent inverted microscope. In vitro 
targeting studies of A549 cells were performed as described 
earlier.

Cytotoxicity assay

The cytotoxicity of different preparation groups to A549 
cells was determined by MTT method. Briefly, A549 cells 
were co-incubated with different concentrations of free GA, 
C-lipo@GA, P-lipo@GA, RP-lipo@GA for 48 h, followed by 
MTT assay. IC50 was calculated using GraphPad Prism 
software.

Apoptosis assay

The apoptotic status of A549 cells was detected by apoptosis 
and necrosis assay kit using Hoechst 33342 and double 
staining with propidium iodide (PI), which cannot stain nor-
mal cells with intact cell membranes. In contrast, for necrotic 
cells, the integrity of their cell membranes was lost and 
staining was possible. A549 cells were inoculated in 24-well 
plates, incubated overnight and then co-incubated with the 
same drug concentration (50 µg/mL) of free GA, C-lipo@GA, 
P-lipo@GA and RP-lipo@GA for 12 h. The cells were then 
stained and the staining effect was observed using an 
inverted fluorescence microscope.

Statistical analysis

The obtained results are expressed as mean ± SD and all 
statistical analyses were obtained with GraphPad Prism ver-
sion 8.0 software (GraphPad, USA). One-way ANOVA and 
two-way ANOVA were used for statistical analyses. Significance 
levels were set at *p < .05, **p < .01 and ***p < .001. Expression 
of all fluorescence intensities in the experiments was further 
calculated by Image J software.

Results and discussion

Characterization of saponin liposomes

The preparation process of saponin liposome and normal 
cholesterol liposome is the same, and they are both obtained 
by hydration through the film dispersion method. As shown 
in the Figure 2(A) both R-lipo@GA and PR-lipo@GA have 
spherical shapes with smooth surfaces, which are basically 
consistent with cholesterol liposomes. Therefore, substitution 
of saponins did not significantly alter the morphology of 
liposomes. As shown in Table 1, the particle sizes of R-lipo@
GA and PR-lipo@GA are 179.07 ± 2.40 nm and 181.63 ± 2.53 nm 
(Figure 3(A)), respectively, which are larger than the average 
particle size of C-lipo@GA (120.90 ± 1.87 nm). This particle size 
change is similar to EE%, which may be due to the high 
encapsulation efficiency of the drug in the saponin liposome 
structure, resulting in a corresponding increase in the particle 
size of the nanoparticles. Meanwhile, the zeta potential of 
R-lipo@GA and PR-lipo@GA is more negative than that of 
C-lipo@GA (Figure 3(B)). This change in physical and chemical 
properties is worth thinking about. Generally speaking, when 
the absolute value of Zeta potential is higher, it means that 
the system has excellent stability, and the negative value of 
surface potential is more obvious, it is easier to achieve 
long-term circulation effect, and it is not easy to be taken 
up by phagocytes. In summary, we speculate that the unique 
physicochemical properties of saponins may affect the order-
ing and fluidity of phospholipid molecules, thereby changing 
the size and surface state of liposomes.

The stability of liposomes is one of the inherent conditions 
for evaluating whether they can release drugs in vivo and 
reduce drug toxicity and side effects. As shown in the Figure 
3(C,D), C-lipo@GA, R-lipo@GA and PR-lipo@GA were able to 
maintain stable particle size in the simulated blood environ-
ment in vitro, verifying that the saponins possess similar 
properties to cholesterol and can replace cholesterol in the 
original liposome prescription and still maintain the proper-
ties of liposome encapsulation rate, release rate and stability.

The biocompatibility of saponin liposomes

This study investigated the biocompatibility of PR-lipo at cel-
lular and blood levels. HUVECs as well as RAW264.7 cells were 
used as a model to examine the effect of blank liposomes on 
the activity of normal cells. As shown in the Figure 4(A), the 
cellular activity remained around 80% at the highest concen-
tration treatment for 24 h, indicating its good biocompatibility 
at the cellular level. In addition, as shown in the Figure 4(B), 
neither R-lipo@GA nor PR-lipo@GA had obvious hemolytic 
effect, and the hemolysis rate was less than 2%, indicating that 
saponin liposomes did not cause hemolysis. The constructed 
saponin liposomes possess remarkable biocompatibility.

Cellular uptake and targeting capabilities

In order for the drug to effectively kill tumor cells, the 
nanoparticles must have certain cellular escape ability to 



Drug Delivery 2747

avoid being phagocytosed by immune cells, delivered to 
the lesion in the blood circulation and taken up by tumor 
cells, thus releasing the drug to effectively treat cancer. 
In this study, RAW264.7 was used as a cellular model to 
investigate the cellular escape ability of different prepa-
rations. As shown in the Figure 5, there was a 
time-dependent fluorescence intensity of RAW264.7 after 
co-incubation with free C6, C-lipo@C6, P-lipo@C6 and 
RP-lipo@C6 in all groups. However, RP-lipo@C6 showed a 
relatively low intracellular green fluorescence signal com-
pared to the other preparations, indicating that it was 
least taken up by RAW264.7 cells.

The targeting ability of each group of agents on lung 
cancer cells was examined by co-incubating A549 cells with 
free C6, C-lipo@C6, P-lipo@C6 and RP-lipo@C6. Interestingly, 
we found that P-lipo@C6 and RP-lipo@C6 had relatively high 
intracellular fluorescence intensity, with RP-lipo@C6 having 
the highest fluorescence intensity contrary to the cell escape 
results (Figure 6), indicating that it was taken up by A549 in 
the highest amount.

In summary, the saponin liposomes constructed in this 
study possessed excellent cell escape ability as well as tumor 
cell targeting ability, and we speculate that it may be that 
saponin acts as a substrate for glucose-related transporter 
protein in tumor cells and thus effectively targets A549 cells, 

however, the targeting effect of RP-lipo@C6 was more pro-
nounced compared to P-lipo@C6, which may be a synergistic 
effect of platycodon saponins and ginsenoside target-
ing effect.

In vitro antitumor activity of GA-loaded saponin liposomes

To detect the cytotoxicity of RP-lipo@GA on tumor cells, we 
performed MTT and apoptosis assays using A549 cells in vitro. 
As shown in Figure 7(A,B), free GA, C-lipo@GA, P-lipo@GA 
and RP-lipo@GA all showed a concentration-dependent inhi-
bition of tumor cell growth. In contrast, RP-lipo@GA has the 
strongest inhibitory ability, and its half inhibitory concentra-
tion (IC50) is only 0.62 for GA, 0.73 for C-lipo@GA and 0.85 
for P-lipo@GA. Therefore, we can conclude that the admixture 
of platycodin and ginsenoside significantly promoted the 
antitumor activity compared to conventional liposomes.

Apoptosis was detected by Hoechst 33342/PI double stain-
ing, as shown in the Figure 7(C), RP-lipo@GA caused apop-
tosis in A549 cells up to about 60%. The apoptosis in the 
free GA group was less than 10%, while C-lipo@GA and 
P-lipo@GA increased the total apoptosis to about 10% and 
30%, respectively. The P-lipo@GA was due to the synergistic 
effect between ginsenosides and GA resulting in increased 
apoptosis, and RP-lipo@GA was due to the synergistic 

Figure 2.  Dynamic light scattering and transmission electron microscopy images of C-lipo@GA, R-lipo@GA and PR-lipo@GA (scale bar = 100 nm).

Table 1.  Characterization of GA-loaded liposomes (n = 3; mean ± standard deviation).

Size PDI ZP (mV) EE (%) LE (%)

C-lipo@GA 120.90 ± 1.87 0.16 ± 0.020 –20.02 ± 1.26 67.16 ± 1.48 4.14 ± 0.09
R-lipo@GA 179 ± 2.40 0.21 ± 0.017 –24.21 ± 0.74 81.02 ± 1.40 4.99 ± 0.09
PR-lipo@GA 181.63 ± 2.53 0.17 ± 0.003 –26.78 ± 1.15 86.62 ± 0.61 5.33 ± 0.04
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promotion of the main active components of the couplet 
medicines of P. grandiflorum and G. uralensis, which together 
with ginsenosides increased antitumor activity. Thus, the 
mixed saponin is not only a membrane material in this for-
mulation, it is also an adjuvant drug. It embodies the drug 
delivery strategy of killing two birds with one stone by using 
both drugs and adjuvants.

Conclusion

In summary, a new multifunctional liposome delivery system 
was constructed, based on the concept of couplet medicines 

and ‘monarch, minister, assistant and guide’ combination, 
through the couplet medicines of P. grandiflorum and G. 
uralensis as the entry point, and GA as the model drug. 
Ginsenoside and platycodin were used to replace cholesterol, 
it reflects the advantages of traditional Chinese medicine in 
anticancer treatment. At the same time, ginsenoside and 
platycodon grandiflorum saponin replace cholesterol, and 
phospholipid to construct mixed saponin liposomes RP-lipo@
GA as a drug delivery system, can have basically the same 
morphology as conventional liposomes, which provides a 
strong basis for the preparation of mixed saponin instead of 
cholesterol liposomes. Mixed saponins are not only used as 

Figure 3.  Characterization of saponin liposomes. (A) Particle size variation of different formulations of liposomes. (B) Variation of zeta potential for different 
formulations of liposomes. (C) Change in size of different liposomal formulations stored at 4 °C. (D) Study of in vitro drug release behavior of liposomes. Data 
are shown as the mean ± SD (n = 3).

Figure 4.  Biocompatibility evaluation of PR-lipo. (A) Cytotoxicity of blank vectors against RAW264.7 and HUVECs cells. (B) Hemolytic properties of saponin 
liposomes.
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adjuvant chemotherapy, but also as a membrane stabilizer 
with long blood circulation time. More importantly, they have 
excellent cell escape ability and targeting ability to lung 
cancer cells. These promising results suggest that liposomes 
with mixed saponins innovatively challenge the irreplaceable 
status of cholesterol as a liposome component and can prove 

to be an effective drug delivery system for curing cancer in 
the future.
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