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Background: There are abundant glycyrrhetinic acid (GA) receptors on the cellular membrane 

of hepatocytes and hepatocellular carcinoma (HCC) cells. The receptor binding effect might be 

related to the structure of the guiding molecule. GA exists in two stereoisomers with C3-hydroxyl 

and C11-carbonyl active groups. 

Purpose: The objective of this study was to investigate the relationship between the HCC-

targeted effect and the configurations and groups of GA.

Methods and results: Different GA derivatives (18β-GA, 18α-GA, 3-acetyl-18β-GA [3-Ace-GA] 

and 11-deoxy-18β-GA [11-Deo-GA]) were used to investigate the targeting effect of GA’s con-

figurations and groups on HCC cells. The EC
50

 values of competition to binding sites and the ratio 

of specific binding in HepG2 cells showed that 18β-GA and 3-Ace-GA demonstrated significant 

competitive effect with fluorescein isothiocyanate (FITC)-labeled GA. Then, the GA derivatives 

were distearoyl-phosphatidylethanolamine (DSPE)-PEGylated. 18β-GA-, 18α-GA-, 3-Ace-GA- 

and 11-Deo-GA-modified liposomes were prepared and characterized by size, zeta potential, encap-

sulation efficiency, loading capacity, leakage and membrane stability. Evaluation on the cellular 

location in vitro and tumor targeting in vivo was carried out. Compared to common long-circulation 

liposome (PEG-Lip), more 18β-GA- and 3-Ace-GA-modified liposomes aggregated around HepG2 

cells in vitro in short time and transferred into HCC tumors in vivo for a longer time. 

Conclusion: The β-configuration hydrogen atom on C18 position of GA played the most impor-

tant role on the targeting effect. C11-carbonyl and C3-hydroxy groups of GA have certain and 

little influence on targeting action to HCC, respectively. In general, GA might be a promising 

targeting molecule for the research on liver diseases and hepatoma therapy.

Keywords: glycyrrhetinic acid, derivatives, liposomes, receptor competition, HCC-targeted 

effect

Introduction
Hepatocellular carcinoma (HCC) accounts for up to 90% of all malignant primary liver 

cancer worldwide and represents a major health threat.1 Currently, apart from surgery, 

patients with liver cancer are mainly treated by chemotherapy.2 However, chemotherapy 

is limited by a low response rate and severe systemic toxicity due to low specificity and 

resistance mechanisms of the chemotherapeutic agents toward cancer cells.3 Therefore, 

novel drug delivery systems are urgently needed to enhance the selective action of cyto-

toxic drugs to HCC and therefore minimize systemic toxicity to noncancerous tissues.

Glycyrrhetinic acid (GA), a pentacyclic triterpenoid, is widely present in the licorice 

plant and is the active aglycone of glycyrrhizin (GL). Abundant GA receptors have 

been confirmed on the cellular membrane of hepatocytes.4 The protein kinase C-α was 
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reported as the target binding protein of GA, which had much 

more expression in HCC cells than in the adjacent nontumor 

liver cells.5 The amount of GA receptors in tumor tissue has 

been found to be 1.5- to 5-fold more than that in normal tissue.6 

Additionally, GA showed the selective toxicity toward tumor 

through the downregulation of glutathione.7 Recently, some 

GA-modified liposomes have been developed with higher drug 

accumulation in the liver and better anti-HCC activity.5–9 We 

have confirmed GA receptors on HCC cells formerly according 

to the binding effect between fluorescence-labeled GA and GA 

receptors.10 Therefore, it could be expected that GA-modified 

liposomes could target selectively to HCC cells and tissues.

GA exists in two stereoisomers, including trans  form 

18α- and the cis form 18β-GA, lying in the spatial orienta-

tion of hydrogen atom of C
18

. Different configurations of 

GA exhibit various stabilities, solubilities11 and pharmaco-

logical effects. 18β-GA exerted protective effects against 

cyclophosphamide-induced hepatotoxicity.12 18β-GA also 

showed anti-HCC proliferation effects, which could induce 

the HCC cells’ apoptosis via modulation of inflammatory 

markers and inhibit HCC development by reversing hepatic 

stellate cell-mediated immunosuppression.13,14 18β-GA could 

reduce the amount of glucose release induced by glucagon 

in rat primary cultured hepatocytes, while 18α-GA did not.15 

Nevertheless, 11β-hydroxysteroid dehydrogenase type 1 

(11β-HSD1) is a kind of microsomal enzyme belonging to 

the short-chain dehydrogenase/reductase family, which is 

highly expressed in many glucocorticoid target tissues, such 

as the liver, adipose tissue, skeletal muscle and macrophages. 

18α-GA selectively inhibited 11β-HSD1, but 18β-GA had 

no selectivity.16 18α-GA increased peroxisome proliferator- 

activated receptor γ expression and decreased nuclear 

factor-κB DNA-binding activity, inhibiting the prolif-

eration of activated hepatic stellate cells.17 18α-GA was 

reported to target prostate cancer cells by downregulation 

of inflammation-rated genes in DU-145 cells.18

Ishida et al have proved that a carrier-mediated trans-

port system participated in the uptake of GL into isolated 

rat hepatocytes and the affinity site of the transport carrier 

bound to GA.19 GA is a hydrolytic product of GL with 

the differences of hydroxyl or glycosyl group at C
3
. The 

removal of 11-carbonyl in the ring structure of GA not only 

eliminated pseudoaldosterone effect but also improved its 

anti-inflammatory, antiulcer and antiallergic activities.20 

11-deoxy-18β-GA (11-Deo-GA), performing a similar action 

of 18α-GA, also selectively (and significantly) acted on 11-β-

HSD1.21 As for anticancer properties, 11-Deo-GA induced 

gastric cancer cell apoptosis by upregulation of p21, down-

regulation of cdc2 and cyclin B1 and association with BID (a 

BH3 domain-only agonist) translocation from the nucleus to 

the mitochondria.22 These deduced that for GA’s main ring 

structure, the hydroxyl group at C
3
 and the carbonyl group at 

C
11

 had certain effect on the liver or HCC cell targeting.

Thus, in this study, we focused on the targeting effect 

of different GA configurations and groups to HCC cells. 

As shown in Figure 1, 18β-GA, 18α-GA, 3-acetyl-18β-GA 

Figure 1 Chemical structures of 18β-GA (A), 18α-GA (B), 3-Ace-GA (C), 11-Deo-GA (D) and FITC-GA (E).
Notes: The C3-hydroxyl group of GA was acetylated to get 3-Ace-GA in acetic anhydride. Clemmensen reduction reaction catalyzed by zinc amalgam was used to produce 
11-Deo-GA.
Abbreviations: 18β-GA, 18β-glycyrrhetinic acid; 18α-GA, 18α-glycyrrhetinic acid; 3-Ace-GA, 3-acetyl-18β-glycyrrhetinic acid; 11-Deo-GA, 11-deoxy-18β-glycyrrhetinic acid; 
FITC-GA, fluorescein isothiocyanate-labeled 18β-glycyrrhetinic acid.
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(3-Ace-GA) and 11-Deo-GA were obtained, and fluorescein 

isothiocyanate-labeled 18β-GA (FITC-GA) was synthesized 

according to reported method.23 The binding site competi-

tion to HCC cells of different GA derivatives was studied. 

The long-circulation phospholipids with potential targeting 

molecular were synthesized by the GA derivatives linked with 

DSPE-PEG
2000

-NH
2
. Coumarin 6 (Cou6) and 1,1-dioctadecyl-

3,3,3,3-tetramethylindotricarbocyanine iodide (DiR) lipo-

somes were prepared to evaluate the targeting effect of GA’s 

configurations and groups in vitro and in vivo.

Materials and methods
Materials
18β-GA (purity 98%), 18α-GA (purity $98%) and Cou6 

(purity 98%) were obtained from J&K Scientific Ltd. 

(Beijing, China). 3-Ace-GA, 11-Deo-GA and FITC-GA 

were synthesized and characterized in our laboratory. DSPE-

PEG
2000

 (DSPE-PEG, purity $97%) and DSPE-PEG
2000

-NH
2
 

(DSPE-PEG-NH
2
, purity $95%) were bought from AVT 

Pharmaceutical Co., Ltd (Shanghai, China). Soybean phos-

pholipid (for injection, phosphatidylcholine $85%) and 

cholesterol (purity $98%) were from Tywei Pharmaceutical 

Co. (Shanghai, China). DiR was from AAT Bioquest Int. 

(Sunnyvale, CA, USA). RIPA lysis buffer, BCA protein 

assay kit and Hoechst 33258 were from Beyotime Institute 

of Biotechnology (Shanghai, China).

Human HCC (HepG2) cells and mouse ascites hepa-

toma (H22) cells were obtained from Cell Bank of Chinese 

Academy of Sciences (Shanghai, China). HepG2 cells were 

cultured in Dulbecco’s Modified Eagle’s Medium (DMEM; 

Invitrogen, Carlsbad, CA, USA) with 10% fetal bovine serum 

(FBS; Gibco, Waltham, MA, USA). H22 cells were cultured 

and passaged in Kunming mouse ascites. Male BALB/c nude 

mice (20±2 g), supplied by the Department of Experimental 

Animals, Shenyang Pharmaceutical University (Shenyang, 

China), were acclimated under specific-pathogen-free condi-

tions in the central animal facility of the university. All animal 

experiments were approved by the Ethics Committee of the 

Shenyang Pharmaceutical University and were carried out in 

accordance with the guidelines evaluated and approved by the 

ethics committee of Shenyang Pharmaceutical University.

Competition of binding sites
Approximately 2.5×106 HepG2 cells were seeded into 6-well 

culture plates. After the cells have covered the plates, the 

medium was removed and the cells were washed with PBS 

and DMEM (without FBS) successively. The cells were 

treated with a series concentrations of 18β-GA, 18α-GA, 

3-Ace-GA, 11-Deo-GA and FITC-GA in DMEM for 2 h at 

37°C. Then, FITC-GA was added to a final concentration of 

100 nM. After co-incubation for 2 h at 37°C, the cells were 

washed with chilled PBS and lysed with 100 μL of lysis buf-

fer in ice bath. The cell lysate was harvested, shaken and cen-

trifuged (1.2×104 rpm for 10 min) at 4°C. The fluorescence 

intensity of the supernatant was measured (λ
ex

 =490 nm, 

λ
em

 =520 nm) with the Varioskan Flash Spectral Scanning 

Multimode Reader (Thermo Fisher Scientific, Waltham, 

MA, USA). The fluorescence intensity was normalized with 

respect to the cells’ protein content, which was determined 

with a BCA protein assay kit. The fluorescence intensity of 

different GA derivatives with FITC-GA samples and the only 

FITC-GA samples normalized with the content of protein 

in the cells was calculated as the specific binding (B) and 

maximum binding (B
0
), respectively. The competitive curve 

fitting was constructed by GraphPad Prism 5.0 (GraphPad 

Software, La Jolla, CA, USA) software with concentration 

as x-axis and specific binding ratio (B/B
0
) as y-axis.

Synthesis and identification of 
DSPE-PEGylated GA derivatives
The GA derivatives and DSPE-PEG were linked together with 

amidation (Figure 2).24 In total, 235.5 mg 18β-GA, 235.5 mg 

18α-GA, 256.2 mg 3-Ace-GA and 228.2 mg 11-Deo-GA 

(0.5 mMol) were dissolved in anhydrous acetone with an 

amount of pyridine. In total, 143.8 mg EDC⋅HCl (0.75 mMol), 

86.3 mg NHS (0.75 mMol) and 1,100 mg DSPE-PEG were 

then added sequentially to the solution with stirring for 48 h 

under nitrogen protection at ambient temperature. The prod-

ucts were obtained by recrystallization from the condensed 

reaction solutions, which were mixed with an amount of ice-

cold anhydrous ether. The precipitate was dissolved in water 

and dialyzed for 24 h. The DSPE-PEGylated GA deriva-

tives were obtained by freeze-drying at last. The 1H-NMR 

(DMSO-d
6
) spectrum of DSPE-PEGylated GA derivatives 

was characterized at 300 Hz with an ARX-300 (600) NMR 

spectrometer (Bruker Optik GmbH, Ettlingen, Germany).

Preparation and characterization of Cou6 
liposomes
The liposomes were prepared by a modified film dispersion 

method according to our previous report.23 Briefly, 18.2 mg 

DSPE-PEG, 21.2 mg 18β-GA-PEG-DSPE, 21.2 mg 18α-

GA-PEG-DSPE, 21.4 mg 3-Ace-GA-PEG-DSPE or 21.0 mg 

11-Deo-GA-PEG-DSPE (6.6 μM) with 50 mg phospholipid 

(about 1:10 molar ratio), 20 mg cholesterol and 2 mg Cou6 

was dissolved in 10 mL of ethanol-dichloromethane (2:1). 

A thin lipid film was produced by rotary evaporation and 

hydrated in 10 mL of water at 60°C, followed by stirring at 
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ambient temperature. The mixture was sonicated for 10 min 

at 200 W. The colloidal solution obtained was then centri-

fuged at 1.2×104 rpm/min for 10 min and filtered through 

0.22 μm Millipore filters. All the procedures were conducted 

in darkness. The Cou6 liposomes mixed with DSPE-PEG 

(PEG-Cou6-Lip), 18β-GA-PEG-DSPE (18β-GA-Cou6-Lip), 

18α-GA-PEG-DSPE (18α-GA-Cou6-Lip), 3-Acel-GA-PEG-

DSPE (3-Ace-GA-Cou6-Lip) and 11-Deo-GA-PEG-DSPE 

(11-Deo-GA-Cou6-Lip) were prepared.

The particle sizes, polydispersity index (PDI) and zeta 

potentials of the liposomes were measured with a Nano 

Analyzer (ZS90; Malvern Instruments, Malvern, UK). The 

entrapment efficiency (EE), loading capacity (LC) and 

leakage (LK) of liposomes were determined with mini-

column centrifuge-fluorescence spectroscopy (λ
ex

 =497 nm, 

λ
em

 =523 nm) methods.

Analysis of liposomal membrane stability
To evaluate the stability of the liposomal membranes, the 

resistance of the liposomes against nonionic surfactant Triton 

X-100 was investigated.25 A series concentration (0.5%, 1%, 

2%, 5%, 10%, 20%, 50%, 100%) of Triton X-100 solutions 

was prepared. The Triton X-100 solutions (10 μL) were 

added to the GA derivative-mediated liposomes (190 μL) in 

the 96-well plates in triplicate. The plates were shaken for 

15 min at 25°C. The absorbance at 590 nm was measured 

by Multimode Reader. The turbidity was recorded as A/A
0
 

(590 nm), where A is the absorbance of samples with a pre-

determined concentration of Triton X-100 addition and A
0
 

is the initial absorbance of samples.

Cytotoxicity assay in vitro
Effect of the liposomes on HepG2 cells growth was assessed 

by MTT assay. In total, 5×103 HepG2 cells were seeded into 

the 96-well culture plates in quintuplicate and incubated 

overnight. The medium was then replaced with the GA 

derivative-mediated liposomes at gradient Cou6 concentra-

tions of 2 μg/mL (low), 10 μg/mL (medium) and 50 μg/mL 

(high). After incubation for 6 h, the cultured medium was 

then discarded and refreshed with DMEM. In total, 20 μL 

of MTT solution (5 mg/mL in PBS) was added to each well 

for additional 4 h of incubation. Formazan was dissolved 

in 150 μL of DMSO, and the absorbance at 570 nm was 

measured using the Multimode Reader. The inhibition was 

calculated according to the absorbance.

Confocal observation
Laser scanning confocal microscopy was used to visualize 

the subcellular localization of different Cou6 liposomes.26 

HepG2 cells were cultured on sterile microscope slides in 

the 6-well culture plates (2×105 cells/well) and incubated 

overnight. The media were replaced by the five liposomes in 

DMEM (without FBS), and the cells were further incubated 

for 0.25, 1 and 6 h. Then, the media were removed and the 

cells were washed 3 times with cold PBS. Hoechst 33258 

(10 μg/mL, 10 min) was used to localize nuclei. Finally, the 

cells were fixed with 4% formaldehyde at ambient tempera-

ture and captured by laser scanning confocal microscope 

(Olympus FV1000-IX81; Olympus Corporation, Tokyo, 

Japan). The content of Cou6 in each sample was measured 

accordingly as we reported previously.10

In vivo targeting ability study
The DiR liposomes containing DSPE-PEG (PEG-DiR-Lip) 

and mediated by different GA derivatives (18β-GA-DiR-

Lip, 18α-GA-DiR-Lip, 3-Ace-GA-DiR-Lip and 11-Deo-

GA-DiR-Lip) were prepared according to the previously 

Figure 2 Synthesis of GA derivative-modified DSPE-PEG.
Notes: DSPE-PEGylated GA derivatives were synthesized by grafting the carboxyl group of GA onto the amino group of aminated DSPE. EDC, NHS and pyridine were 
used as catalysts.
Abbreviations: GA, glycyrrhetinic acid; DSPE, distearoyl-phosphatidylethanolamine; PEG, polyethylene glycol; EDC, 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide 
hydrochloride; NHS, N-hydroxysuccinimide.

β
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mentioned method. Male BALB/c mice were inoculated 

subcutaneously in the right axillary fossa with 0.2 mL of H22 

cell suspension (2×106 cells/mL). Once the tumor reached 

a volume of 150–200 mm3, the H22 tumor-bearing mice 

were obtained. The mice were divided into five groups and 

intravenously injected with 0.2 mL of various DiR liposomes. 

In the period of 12 h postinjection, the mice under anesthetic 

state were scanned using a Kodak In Vivo Imaging System 

FX Pro (Carestream Health Inc., Rochester, NY, USA) at 

different time.

Statistical analysis
All the experiments were performed in triplicate, and the 

values are presented as mean ± standard deviation. The data 

were analyzed by applying one-way ANOVA, followed by 

the methods of Student’s t-test. p-value ,0.05 indicated 

statistically significant differences.

Results and discussion
Competitive effect on binding sites
According to the differences in the configurations and in 

the main modified parts at C
3
-hydroxyl and C

11
-carbonyl 

groups of GA,27 the compounds including 18β-GA, 18α-GA, 

3-Ace-GA and 11-Deo-GA were obtained. As is known, 

receptor competition is increasingly common to discovery of 

new drugs28 and screen for targeting ligands. Higher binding 

effect means stronger physiological activity and longer 

signaling pathway influence. The results on the competitive 

effect of GA derivatives with FITC-GA in HepG2 cells are 

shown in Figure 3. The reversible binding of receptors and 

ligands accounted for 70% of maximum binding (B
0
) of 

FITC-GA after the inhibitor (18β-GA, 18α-GA, 3-Ace-GA 

or 11-Deo-GA) was added. EC
50

 values of different GA 

derivative competition to binding sites in HepG2 cells were 

calculated. Among them, 18β-GA decreased the specific 

binding ratio (B/B
0
) significantly. The EC

50
 of 18β-GA was 

100.1 nM. B/B
0
 value decreased to 10% of B/B

0
 when 200 nM 

of 18β-GA was added. The competitive curve of 18α-GA 

with FITC-GA was flatter and the EC
50

 was 563.1 nM indi-

cating the weak binding effect of GA receptors and competi-

tive ability with FITC-GA. It demonstrated that the 18-H 

configuration of GA influenced the binding effect greatly. 

The addition of 3-Ace-GA gave a similar competitive curve 

of 18β-GA and 111.7 nM of EC
50

, indicating a little influ-

ence of 3-OH of GA. The competitive curve of 11-Deo-GA 

lay between 18α-GA and 3-Ace-GA, with 121.2 nM of 

EC
50

 demonstrating the competitive effect with FITC-GA. 

11-Carbonyl group influenced the targeting action of GA.

Characterization of GA derivative-
PEG-DSPE
The DSPE-PEGylated GA derivatives were synthesized by 

grafting the carboxyl group of GA onto the amino group of 

aminated DSPE. The 1H-NMR spectrum in Figure 4 shows 

that the signals at δ 0.68–1.11 ppm belonged to the methylene 

and the methyl groups of the pentacyclic triterpenoid struc-

ture of GA. The peaks at δ 1.30–1.40 ppm were 19-H and 

at δ 5.30–5.50 ppm were 12-H of the GA rings. The peaks 

at δ 1.20–1.35 ppm and δ 3.30–3.60 ppm mainly attributed 

to the -CH
2
 protons of stearic acid groups of DSPE and 

the glycol blocks of PEG
2000

, respectively. In the 1H-NMR 

spectrum, a single peak with one unit area at δ 7.40–7.80 

ppm was found (18β-GA-PEG-DSPE 7.78 ppm, 18α-GA 

7.63 ppm, 3-Ace-GA 7.50 ppm, 11-Deo-GA 7.47 ppm), 

which belonged to the -CO-NH- proton when -COOH of 

GA derivatives acetylated with the -NH
2
 of DSPE-PEG-NH

2
. 

The integration value ratio for the peak of amide group and 

the peak of methyl (δ 0.75–0.83) in stearyl group was about 

1:6. Therefore, the long-circulation phospholipids with GA 

derivatives have been successfully synthesized. The yield 

of 18β-GA-PEG-DSPE, 18α-GA-PEG-DSPE, 3-Ace-GA-

PEG-DSPE and 11-Deo-GA-PEG-DSPE was 69.3%, 53.2%, 

75.0% and 66.4%, respectively.

Pharmaceutical characters of liposomes
Liposome size is an important factor that can influence 

drug dosage, uptake, targeting, clearance and lysosomal 

accumulation.29 The liposomal characters are shown in 

Table 1. The particle sizes of the five liposomes were less 

Figure 3 GA derivative competitive curve with FITC-GA binding to GA receptors 
in HepG2 cells.
Notes: The curves were fitted with GraphPad Prism 5.0 software. B/B0 is expressed 
as the percentage of maximum specific binding sites. Data are representative of 
three independent experiments and the SD was not listed.
Abbreviations: GA, glycyrrhetinic acid; FITC-GA, fluorescein isothiocyanate-
labeled 18β-glycyrrhetinic acid; B, specific binding; B0, maximum binding; 18β-GA, 
18β-glycyrrhetinic acid; 18α-GA, 18α-glycyrrhetinic acid; 3-Ace-GA, 3-acetyl-18β-
glycyrrhetinic acid; 11-Deo-GA, 11-deoxy-18β-glycyrrhetinic acid.

β
α
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Figure 4 1H-NMR characterization of DSPE-PEGylated GA derivatives: (A) PEGylated 18β-GA, (B) DSPE-PEGylated 18α-GA, (C) PEGylated 3-Ace-GA, (D) DSPE-PEGylated 
11-Deo-GA.
Note: The samples of DSPE-PEGylated GA derivatives were dissolved in DMSO-d6 and characterized with an NMR spectrometer.
Abbreviations: 1H-NMR, proton nuclear magnetic resonance; DSPE, distearoyl-phosphatidylethanolamine; PEG, polyethylene glycol; GA, glycyrrhetinic acid.

β

α

α
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than 180 nm, which were analyzed by dynamic light scat-

tering. The sizes of Cou6 liposomes with DSPE-PEGylated 

GA derivatives were smaller than those of PEG-Cou6-

Lip. The possible reason might be that the hydrophobic-

ity of GA derivatives wrapped the PEG chain tightly and 

squeezed the particles further. The PDI (0.182–0.213) 

demonstrated relatively narrow distribution of the liposomes. 

The zeta potential of the five liposomes was negative ranging 

from −10 to −18 mV. With the addition of DSPE-PEGylated GA 

derivatives, the zeta potential was 8 mV or so lower. A greater 

zeta potential is necessary to inhibit liposomal aggregation.30 

The LK of the Cou6 liposomes was lower (,7%, 14 d). 

The GA derivative-mediated liposomes showed higher sta-

bility with lower potential and lower LK. As a regulatory 

requirement, EE is a greatly significant parameter to control 

the quality of the liposomes.31 Results showed that the values 

of EE and the LC of the five liposomes were all higher than 

65% and 17.5 mg/g. 3-Ace-GA-Cou6-Lip and 11-Deo-

GA-Cou6-Lip showed the highest and lowest values of EE, 

respectively. The DSPE-PEGylated GA derivatives had no 

significant effect on the EE and LC of Cou6. Therefore, the 

liposomes exhibited good preparation characteristics. Because 

the optimum size of PEG-liposomes for prolonged circulation 

is 160–220 nm,32 we could expect a good long-circulation 

effect of these GA derivative-modified liposomes.

Liposomal membrane stability
Triton X-100, a polyoxyethylene nonionic surfactant, has 

been used to determine the membrane stability of different 

Cou6 liposomes. Three relevant transitions would take place 

when Triton X-100 was added into the liposomal suspension. 

First, lower concentration led to a slight increase in the size 

of liposome, which might be attributed to the incorpora-

tion of surfactant monomers in the lipid bilayer. Second, 

increasing surfactant amounts led to a progressive decrease 

in intensity for mixed liposomes, which corresponded to 

the saturation of Triton X-100 in bilayer and the formation 

of lipid micelles. The size of micelles was far less than that 

of liposomal particles. Finally, higher concentration made 

a slight fall in the particle size, which might be attributed 

to the progressive enrichment in Triton X-100 of the mixed 

micelles formed.33

The variations of relative turbidity (RTU) for the suspen-

sion vs Triton X-100 concentration were plotted in logarith-

mic coordinates (Figure 5). The spots showed the inverted 

S-type distribution when a series concentration of Triton 

X-100 was added into the liposomal suspensions. The RTU 

expressed horizontal distribution when lower (,0.15‰) and 

higher (.0.60‰) concentrations of Triton X-100 were added 

because of the less membrane action and thorough membrane 

destroy, respectively. When a medium concentration of Triton 

X-100 was added, the liposomal membrane was destroyed in 

a concentration-dependent manner and the RTU decreased 

sharply; a straight line (linear regression) was fitted for the rela-

tionship of RTU to logarithm concentration of Triton X-100. 

When half of the liposomal membrane was destroyed 

(RTU =0.5), the destruction concentration of Triton X-100 

(DC
50

) was calculated (Table 1) to evaluate the stability of the 

membrane. The results showed that the membrane of PEG-

Cou6-Lip was extremely stable and the membrane stability 

of GA derivative-modified liposomes decreased slightly.

Cytotoxicity assay
The cytotoxic effects of PEG-Cou6-Lip, 18β-GA-Cou6-Lip, 

18α-GA-Cou6-Lip, 3-Ace-GA-Cou6-Lip and 11-Deo-GA-

Cou6-Lip on HepG2 cells in 6 h were investigated by MTT 

assay. As shown in Figure 6, different concentrations (2, 10, 

50 μg/mL) of Cou6 used in different liposomes showed 

certain cytotoxicity against HCC cells. No apparent cyto-

toxicity was observed at low concentration (IR ,2.0%). 

Compared to PEG-Cou6-Lip, there were no significant 

differences in cytotoxicity at 10 μg/mL of Cou6 in four GA 

Table 1 Characteristics of GA derivative-mediated liposomes

Liposomes Particle 
size (nm)

PDI Zeta potential 
(mV)

EE (%) LC (mg/g) LK (%) DC50 
(‰)

PEG-Cou6-Lip 177.3±26.6 0.182±0.012 −10.03±0.93 70.33±2.70 18.75±0.72 6.87±2.07 0.566
18β-GA-Cou6-Lip 162.2±20.0 0.196±0.017 −18.82±0.65 75.14±2.15 20.04±0.57 5.76±1.27 0.380
18α-GA-Cou6-Lip 169.9±14.1 0.207±0.022 −18.41±0.43 76.50±1.02 20.40±0.27 6.05±0.84 0.354
3-Ace-GA-Cou6-Lip 158.0±28.3 0.209±0.008 −18.20±1.07 82.40±0.80 21.97±0.21 5.96±1.10 0.207
11-Deo-GA-Cou6-Lip 152.4±10.2 0.213±0.026 −18.48±0.78 66.18±1.17 17.65±0.31 6.37±0.45 0.253

Note: Data expressed as mean ± standard deviation (n=3).
Abbreviations: GA, glycyrrhetinic acid; PDI, polydispersity index; EE, encapsulation efficiency; LC, loading capacity; LK, leakage; DC50, Triton X-100 concentration destroyed 
50% liposomal membrane; PEG, polyethylene glycol; Cou6, coumarin 6; Lip, liposome; 18β-GA, 18β-glycyrrhetinic acid; 18α-GA, 18α-glycyrrhetinic acid; 3-Ace-GA, 3-acetyl-
18β-glycyrrhetinic acid; 11-Deo-GA, 11-deoxy-18β-glycyrrhetinic acid.
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derivative-mediated liposomes. High concentration action 

showed significant differences in cell viability. As a result, 

10 μg/mL of Cou6 in liposomes was chosen as the optimal 

concentration in the further trial and 6 h was taken as the 

longest action time.

Cellular localization
Cou6 with high quantum yield has been widely used in 

cellular localization of nano-drug delivery system. Most cells 

have no background influence in the fluorescence spectrum 

range of Cou6. In addition, raw Cou6 cannot be directly 

internalized by the cells.34 In other words, the fluorescence 

measured in the uptake samples reflects the liposomes 

taken up by the cells but not the released Cou6. Figure 7 

shows the confocal laser scanning microscopy (CLSM) 

images and quantitative analysis of different liposomes 

loading Cou6 after 15 min, 2 h and 6 h in HepG2 cells. 

For 18β-GA-Cou6-Lip and 3-Ace-GA-Cou6-Lip, much 

more green fluorescence intensity was aggregated around 

the HepG2 cells after incubation for 15 min, demonstrating 

a good affinity to the cytomembrane. Meanwhile, weak 

fluorescence was observed near and in the cells when the 

other three liposomes were added. After co-incubation for 

2 h, the green fluorescence was internalized and gathered 

in the cells. The HCC cells treated with 18β-GA-Cou6-Lip 

and 3-Ace-GA-Cou6-Lip showed distinct cell outlines with 

strong fluorescence intensity. However, the cells treated 

with PEG-Cou6-Lip, 18α-GA-Cou6-Lip and 11-Deo-GA-

Cou6-Lip showed obscure outlines. The green fluorescence 

intensity was enhanced with increasing the incubation time 

for all the liposomes. Furthermore, after co-incubation for 

6 h, most fluorescence was gathered in the cells and all the 

liposomes were internalized by cells. It was difficult to distin-

guish the binding sites of the cells. The results indicated that 

GA-modified nano-carriers showed liver and HCC targeting 

effects. The C
3
-hydroxyl group of GA had little influence on 

the targeting ability, which was consistent with the reports 

Figure 5 Membrane stability of different Cou6 liposomes treated with Triton X-100.
Notes: Nonionic surfactant Triton X-100 was used to evaluate liposomal membrane stability. The variations of relative turbidity for the suspension as y-axis vs Triton X-100 
concentration as x-axis were plotted in logarithmic coordinates. The spots demonstrated the inverted S-type distribution.
Abbreviations: Cou6, coumarin 6; PEG, polyethylene glycol; Lip, liposome; 18α-GA, 18α-glycyrrhetinic acid; 18β-GA, 18β-glycyrrhetinic acid; 3-Ace-GA, 3-acetyl-18β-
glycyrrhetinic acid; 11-Deo-GA, 11-deoxy-18β-glycyrrhetinic acid.
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Figure 6 Inhibition of different Cou6 liposomes in HepG2 cells.
Notes: HepG2 cells were treated with low (2 μg/mL in Cou6), medium (10 μg/mL in 
Cou6) and high (50 μg/mL in Cou6) concentrations of PEG-Cou6-Lip, 18β-GA-Cou6-Lip, 
18α-GA-Cou6-Lip, 3-Ace-GA-Cou6-Lip and 11-Deo-GA-Cou6-Lip. In total, 10 μg/mL 
of Cou6 in liposomes was chosen as the optimal concentration in the further trial in vitro 
and in vivo. Data expressed as mean ± standard deviation (n=3). *P,0.05, **P,0.01.
Abbreviations: Cou6, coumarin 6; PEG, polyethylene glycol; Lip, liposome; 
18β-GA, 18β-glycyrrhetinic acid; 18α-GA, 18α-glycyrrhetinic acid; 3-Ace-GA, 
3-acetyl-18β-glycyrrhetinic acid; 11-Deo-GA, 11-deoxy-18β-glycyrrhetinic acid.
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of Tian et al.35 The spatial configuration and C
11

-carbonyl 

group affected the HCC cell targeting of GA.

Tumor targeting in vivo
The in vivo biodistribution and targeting ability of the 

liposomes in mice were evaluated using a near-infrared 

fluorescence image system. DiR was chosen as a fluorescent 

marker, which is a type of near-infrared fluorescent dye 

with an excitation spectrum of 750 nm and an emission 

spectrum of 782 nm. As a lipophilic tracer, DiR allowed 

the noninvasive tracking of cells for several days in vivo.36 

Figure 8 shows the real-time images in H22 tumor-bearing 

nude mice at 0.5, 2 and 12 h after intravenous (caudal-vein) 

injection of PEG-DiR-Lip, 18β-GA-DiR-Lip, 18α-GA-DiR-

Lip, 3-Ace-GA-DiR-Lip and 11-Deo-GA-DiR-Lip. All the 

liposomes had a time-dependent liver and tumor accumula-

tion in the mice. Most DiR accumulated in the liver at 0.5 h 

postadministration of the liposomes, and then there was a 

decrease in the fluorescence intensity from 2 to 12 h. With the 

prolongation of time, the fluorescence intensity in the tumor 

Figure 7 CLSM images of the cellular localization of Cou6 liposomes and Cou6 contents in different HepG2 cell samples.
Notes: The HepG2 cells were incubated with PEG-Cou6-Lip, 18β-GA-Cou6-Lip, 18α-GA-Cou6-Lip, 3-Ace-GA-Cou6-Lip or 11-Deo-GA-Cou6-Lip for different times. Cou6 
liposomes were green in color. The nuclei were blue stained using Hoechst 33258. Scale bars represent 10 μm.
Abbreviations: CLSM, confocal laser scanning microscopy; Cou6, coumarin 6; PEG, polyethylene glycol; Lip, liposome; 18β-GA, 18β-glycyrrhetinic acid; 18α-GA, 
18α-glycyrrhetinic acid; 3-Ace-GA, 3-acetyl-18β-glycyrrhetinic acid; 11-Deo-GA, 11-deoxy-18β-glycyrrhetinic acid.
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region was increased. 18β-GA- and 3-Ace-GA-modified 

liposomes revealed distinct uptake, which were transported 

more quickly to the HCC tumors after 2 h of injection. The 

highest accumulation in an H22 xenograft tumor model after 

12 h of administration was found, which was consistent with 

CLSM results of the two liposomes in HCC cells. As to 

PEG-DiR-Lip and 18α-GA-DiR-Lip, only a little fluorescence 

was measured in the tumor tissues. However, the fluorescence 

intensity in the liver decreased significantly. The targeting 

effect of 11-Deo-GA-DiR-Lip differed from 18β-GA-DiR-

Lip and 3-Ace-GA-DiR-Lip, as well as PEG-DiR-Lip and 

18α-GA-DiR-Lip. Part of liposome was transported and 

accumulated in the HCC tumors. There was no obvious fluo-

rescent signal appearing in kidney tissue. This suggested that 

the metabolism in the liver was the main elimination route 

of GA derivative-modified liposomes. The tumor-targeting 

results indicated that the liposomes were transferred quickly 

in the liver. There were no significant differences whether 

GA derivatives modified or not. Different GA derivative 

ligands showed different HCC tumor-targeting effects. The 

configuration and groups of GA influenced different degrees 

on the targeting effects.

Conclusion
GA receptor has been deemed to be a promising receptor 

to target HCC attributing to its safety and pharmacological 

potential. Focusing on the differences of structure configu-

rations and active groups, four GA derivatives (18β-GA, 

18α-GA, 3-Ace-GA and 11-Deo-GA) and mediated lipo-

somes (18β-GA-Lip, 18α-GA-Lip, 3-Ace-GA-Lip and 

11-Deo-GA-Lip) were developed to show different abilities to 

target the HCC cells and HCC tumors. 18β-GA and 3-Ace-GA 

showed significantly competitive effects with FITC-GA on 

HepG2 cells. The effect decreased in turn for 11-Deo-GA 

and 18α-GA-Lip. The liposomes modified with GA deriva-

tives showed higher loading ability and better stability. 

Compared to common long-circulation liposome (PEG-Lip), 

more 18β-GA- and 3-Ace-GA-modified liposomes were 

aggregated around HepG2 cells in vitro in short time and 

were transferred into HCC tumors in vivo for a longer time. 

There were no significant differences between 18α-GA-Lip 

and PEG-Lip on HCC targeting. In addition, 11-Deo-GA-Lip 

showed certain targeting effect. Therefore, it can be concluded 

that GA shows the targeting action to HCC cells and HCC 

tumors. The β-configuration hydrogen atom at C
18

 position 

Figure 8 In vivo noninvasive images of time-dependent whole-body imaging of H22 tumor-bearing nude mice after injection of different liposomes.
Notes: The mice were administrated intravenously PEG-DiR-Lip, 18β-GA-DiR-Lip, 18α-GA-DiR-Lip, 3-Ace-GA-DiR-Lip and 11-Deo-GA-DiR-Lip through tail vein for 0.5, 
2 and 12 h. The fluorescent images were captured using an In Vivo Imaging System.
Abbreviations: PEG, polyethylene glycol; DiR, 1,1-dioctadecyl-3,3,3,3-tetramethylindotricarbocyanine iodide; Lip, liposome; 18β-GA, 18β-glycyrrhetinic acid; 18α-GA, 
18α-glycyrrhetinic acid; 3-Ace-GA, 3-acetyl-18β-glycyrrhetinic acid; 11-Deo-GA, 11-deoxy-18β-glycyrrhetinic acid.
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of GA contributes the most targeting effect. C
11

-carbonyl and 

C
3
-hydroxy groups of GA have certain and little influences 

on the targeting action to HCC, respectively.
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