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Introduction: The livertaxis of glycyrrhizic acid-conjugated bovine serum albumin (GL-BSA) 

has been reported in the literature. Now, in this paper, we describe a novel type of drug-targeted 

delivery system containing 10-hydroxycamptothecin (HCPT) with liver tumor targeting.

Methods: First, GL was coupled to BSA then HCPT was encapsulated in GL-BSA by high-

pressure homogenization emulsification. In the experimental design, the influencing variables on 

particle size and drug loading efficiency were determined to be BSA concentration, volume ratio 

of water to organic phase, and speed and speed duration of homogenization as well as homog-

enization pressure and the number of times homogenized at certain pressures. Particle size plays 

an important role in screening optimal conditions of nanoparticles preparation. Characteristics of 

10- hydroxycamptothecin-loaded glycyrrhizic acid-conjugated bovine serum albumin nanopar-

ticles (GL-BSA-HCPT-NPs), such as the drug encapsulation efficiency, drug loading efficiency, 

and GL-BSA content were studied. In addition, the morphology of the nanoparticles (NPs) and 

weight loss rate were determined and Fourier transform infrared spectroscopy, X-ray diffraction 

spectroscopy, and thermal analysis performed.

Results: The average particle size of the sample NPs prepared under optimal conditions was 

157.5 nm and the zeta potential was −22.51 ± 0.78 mV; the drug encapsulation efficiency and 

drug loading efficiency were 93.7% and 10.9%, respectively. The amount of GL coupling to 

BSA was 98.26 µg/mg. Through physical property study of the samples, we determined that the 

HCPT had been successfully wrapped in GL-BSA. In vitro drug-release study showed that the 

nanoparticles could release the drug slowly and continuously. Hemolysis testing showed the safety 

of GL-BSA as a novel drug delivery system. The targeting properties of GL-BSA-HCPT-NPs 

were studied in an in vitro cell uptake study and cell proliferation assay. Cells incubated with 

GL-BSA-HCPT-NPs and labeled with fluorescein isothiocyanate showed more extensive fluo-

rescence spots and stronger fluorescence intensity than samples without GL conjugation. MTT 

(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay was used to determine 

the inhibitory rate of the samples. It was found that the inhibitory rate of GL-BSA-HCPT-NPs 

develops as concentration rises. Further, the inhibitory rate of GL-BSA-HCPT-NPs was higher 

at the same concentration and had a lower half maximal inhibitory concentration value than 

the other samples. The half maximal inhibitory concentration values of GL-BSA-HCPT-NPs, 

BSA-HCPT-NPs, and HCPT sodium were 0.78 ± 0.015, 1.62 ± 0.039, and 7.93 ± 0.255 µg/

mL, respectively.

Conclusion: The results of this study show GL-BSA-HCPT to be a promising new vehicle for 

hepatocellular carcinoma-targeting therapy.
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Introduction
Camptothecin (CPT), an alkaloid isolated from the Chinese 

plant Camptotheca acuminata, is a potent agent against a 

wide spectrum of human cancers.1 CPT and related analogs 

may lead to the death of tumor cells by targeting the nuclear 

enzyme, topoisomerase I, and inhibiting the regulation 

of the cleaved DNA strand.2 One camptothecin analog, 

10-hydroxycamptothecin (HCPT; Figure 1A), has excellent 

antitumor activity against hepatoma, gastric carcinoma, 

leukemia, and head and neck tumors.3,4 Further, it is more 

potent and less toxic than CPT.5,6

It is well known that the poor aqueous solubility of drug 

candidates is a major challenge for pharmaceutical scientists 

involved in drug development.7 As HCPT has poor water 

solubility and there are other physiologically more acceptable 

solvents, as yet, there have been limited clinical applications 

of HCPT. The lactone ring of HCPT is open in an alkaline 

environment and the sodium salt of HCPT (ring-opened 

form) is very soluble in water. However, HCPT sodium is 

much less active than HCPT.8 It also causes adverse effects 

such as myelosuppression, hemorrhagic cystitis, vomiting, 

nausea, and dermatitis.9 Many different methods have been 

used to overcome these limitations, including the formula-

tion of HCPT-containing nanocrystallites,10 niosomes,11 

micelles,4,12 and nanoparticles (NPs), which have been 

somewhat successful.13

Many different materials are used as drug carriers, such 

as chitosan,14 poly (lactide-co-glycolide),15 polybutylcyano-

acrylate,16 and albumin. Albumin has been used widely in 

recent years because of its biodegradability, stability, and 

lower toxicity,17 as well as its non-immunogenic properties 

and biocompatibility.18 Similarly, bovine serum albumin 

(BSA) is widely used for drug delivery because of its 

abundance, low cost, ease of purification, unusual ligand-

binding properties, and its wide acceptance in the pharma-

ceutical industry.19,20 In a study by Yang et al examining a 

method of wrapping HCPT in BSA, the poor solubility of 

HCPT was overcome by dissolving it in sodium hydroxide 

solution.21 However, the resulting HCPT sodium had many 

shortcomings, as already described. Moreover, the drug 

entrapment efficiency and drug loading efficiency were 

low, and the BSA significantly retarded the lactone ring 

opening,22 while the drug carrier lacked targeting ability.

Hepatocellular carcinoma is one of the most prevalent 

causes of cancer-related deaths in the world, particularly in 

the eastern and southeastern part of Asia and sub-Saharan 

Africa.23,24 Various treatments for liver cancer have been 

extensively studied, including surgical resection,25 radia-

tion therapy,26 and drug therapy,27 but these treatments have 

largely proved insufficient. Moreover, it is difficult for the 

commonly used drugs to accurately reach the lesion due to the 

detoxification of the liver. Glycyrrhizic acid (GL;  Figure 1B) 

is hepatoprotective28 and has been used to clinically treat 

patients with chronic active hepatitis.29 Studies have shown 

that GL is mainly taken up into the liver30 and modified 

liposomes have displayed good livertaxis.31,32 The surface 

of GL has been modified based on N-caproyl  chitosan and 

confirmed as a vehicle for hepatocyte targeting.33 In addi-

tion, favorable livertaxis of glycyrrhizic acid-conjugated 

bovine serum albumin (GL-BSA) has been confirmed in 

experiments.34 Some liver-targeting HCPT delivery systems, 

such as galactosylated chitosan10 and HCPT polybutylcy-

anoacrylate NPs associated with polybutylpyrolidone16 have 

been reported. However, glycyrrhizic acid-conjugated bovine 

serum albumin nanoparticles (GL-BSA-NPs) are superior to 

other delivery systems due to the properties of BSA and their 

liver-targeting ability.

Taking into account the effects of liver cancer on human 

health and its difficult treatment, in the study reported here, 

we attempted to establish a liver cancer-targeted drug deliv-

ery system using HCPT to produce 10- hydroxycamptothecin-

loaded glycyrrhizic acid-conjugated bovine serum albumin 

nanoparticles (GL-BSA-HCPT-NPs). Thus, in this paper, 

we describe a novel type of drug-targeted delivery system 

containing HCPT targeted to liver tumors. First, GL was 

coupled to BSA then HCPT was encapsulated in the resulting 

GL-BSA by high-pressure homogenization  emulsification. 

The variables affecting particle size and drug loading effi-

ciency investigated included BSA concentration, volume 

ratio of water to organic phase, and speed and speed dura-

tion of homogenization as well as homogenization pressure 

and the number of times homogenized at certain pressures. 

The related features of GL-BSA-HCPT-NPs were fully 

characterized by scanning electron microscopy (SEM), 

Fourier transform infrared spectroscopy (FTIR), thermal 

gravimetry (TG), X-ray diffraction (XRD), and differential 

scanning calorimetry (DSC); the drug release in vitro was 

also assessed and hemolysis testing undertaken. Finally, the 
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Figure 1 The structure of (A) 10-hydroxycamptothecin and (B) glycyrrhizic acid.
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targeting properties of GL-BSA-HCPT-NPs were studied 

in an in vitro cell uptake study and a cell proliferation assay 

undertaken.

Materials and methods
Materials
HCPT ($98%) was provided by Hisun Pharmaceutical 

(Taizhou, People’s Republic of China). BSA was obtained 

from Sigma-Aldrich (St Louis, MO, USA). Fluorescein 

 isothiocyanate (FITC), Roswell Park Memorial Institute 

(RPMI) 1640 medium, and trypsin-ethylenediaminetetra-

a cetic acid were purchased from Invitrogen (Carlsbad, CA, 

USA). MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2 

H-tetrazolium bromide; 98% purity) was purchased 

from Sigma-Aldrich. Methanol and acetonitrile were of 

high-performance liquid chromatography (HPLC) grade. 

Phosphate-buffered saline (PBS; 0.15 M, pH = 7.2–7.6), 

trichloromethane, ethanol, and the other reagents were all 

of analytical grade.

Animals
New Zealand white rabbits were used for the experiments. 

Procedures involving animals and their care were conducted 

in accordance with National Institutes of Health guidelines35 

and all experiments were carried out in compliance with the 

guidelines issued by the Ethical Committee of Northeast 

Forestry University.

Preparation of GL-BsA-HCPT-NPs
Preparation of GL-BsA
The preparation process is referred to in the literature.36 

Briefly, 4.0 mL of MeOH solution containing 59.6 mg GL 

was added dropwise to a 4.0 mL water solution of NaIO
4
 and 

stirred for 60 minutes. Following this, a carbonate buffer solu-

tion (pH = 9.6, 14 mL) containing BSA (50 mg) was added to 

the mixture. The reaction mixture was adjusted to pH = 10.0 

with 1 M Na
2
CO

3
 solution and stirred at room temperature 

for 6 hours then dialyzed for 3 days against water, resulting in 

the GL-BSA solution. GL-BSA (2 mL) solution was placed 

in an 8 mL vial for freeze-drying. Pre-freezing was carried 

out at −40°C for 2 hours, then the sample was placed in a 

vacuum lyophilizer and freeze-dried at −60°C for 48 hours 

to obtain GL-BSA lyophilized powder.

Preparation of GL-BsA-HCPT NPs
HCPT was dissolved in a mixture consisting of chloroform 

and ethanol then dispersed for 5–10 minutes in an Elmasonic 

TI-H-5 ultrasonication bath (Elma, Singen, Germany). The 

resultant solution was slowly added dropwise to deionized 

water containing GL-BSA, mixed with a high-speed FSH-

II Adjustable High-Speed Homogenizer Stirrer (Jiangsu 

Zhengji Instruments, Jintan, People’s Republic of China) 

and homogenized in an AH-100D ultra-high-pressure nano 

homogenizer (ATS Engineering, Shanghai, People’s Republic 

of China), generating the nanoemulsion. The organic phase 

was removed by rotary evaporation using a Rotary Evaporator 

R201BL (SENCO Technology, Shanghai, People’s Republic 

of China) at an evaporation temperature of 40°C, resulting 

in the desired GL-BSA-HCPT-NP suspension.

During the preparation process, the parameters affecting 

particle size were defined in experiments. As previously out-

lined, the parameters included BSA concentration; volume 

ratio of water to organic phase; volume ratio of water to 

organic phase; and speed and speed duration of homogeniza-

tion as well as homogenization pressure and the number of 

times homogenized at certain pressures.

In this study, a single-factor method was used to deter-

mine the optimal conditions. The range of BSA concen-

trations tested was 0.5–4.0 mg/mL. The ratios of water 

to organic phase volume tested ranged from 5:1 to 33:1. 

The homogenizer speeds examined ranged from 5000 and 

10,000 rpm for between 1 and 12 minutes and homogeni-

zation pressures from 400 to 1200 bar were, with samples 

homogenized between three and 15 times. All results are 

shown in Table 1.

Lyophilization
After the organic solvents were removed, the GL-HCPT-BSA-

NP suspension was lyophilized using a Gamma 2–20 appa-

ratus (Martin Christ Gefriertrocknungsanlagen,  Osterode 

am Harz, Germany) to ensure the physical stability of the 

ultimate product. Two milliliters of the GL-HCPT-BSA sus-

pension were added into an 8 mL glass vial, then pre-frozen 

at −40°C for 2 hours then subsequently lyophilized at −60°C 

for 64 hours to obtain the lyophilized powder.

Characterization of GL-HCPT-BsA-NPs
Determination of amount of GL associated with BsA
A sample (3 mg) of the lyophilized powder was mixed with 

KBr (200 mg) and pressed into tablet form. This was then 

placed in the sample slot of a Magna-IR 560 ESP Fourier 

Transform Infrared Spectrometer (Nicolet, Madison, WI, 

USA) for detection of FTIR spectra. Raw KBr was prepared 

as background.

In acidic conditions, GL was hydrolyzed to glycyrrhetinic 

acid (GA). To obtain the GA, a 10 mL 5% sulfuric acid aque-
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Table 1 Relationships between parameters and particle size 
when one variable parameter and others are fixed

Order of  
evaluation

Variable Level Mean particle  
diameter  
(nm) ± SD

1st Concentration  
of BsA (mg/mL)

0.5 716.4 ± 35.9

1 659.2 ± 33.1
1.5 491.6 ± 23.5
2 417.3 ± 19.8
3 348.3 ± 18.5
4 290.0 ± 14.5

2nd The proportion  
of water and  
organic phase (v/v)

5:1 744.3 ± 33.6

9:1 390.5 ± 18.5
13:1 600.3 ± 29.6
17:1 842.1 ± 41.5
21:1 787.2 ± 33.9
25:1 351.7 ± 16.2
29:1 145.8 ± 7.3
33:1 115.7 ± 5.6

3rd Homogenate  
speed (rpm)  
and time (min)

5000 (rpm)

 1 (min)  55.1 ± 2.7
 3 315.4 ± 15.7
 5 359.5 ± 17.5
 7 363.1 ± 17.6
 9 355.8 ± 17.5
 12 371.8 ± 19.0
7500
 1 290.5 ± 14.1
 3 373.1 ± 15.8
 5 374.7 ± 18.5
 7 658.5 ± 33.1
 9 499.6 ± 23.9
 12 380.6 ± 18.5
10,000
 1 478.0 ± 24.0
 3 383.0 ± 19.1
 5 642.6 ± 31.5
 7 610.7 ± 30.8
 9 516.6 ± 27.1
 12 692 ± 34.6

4th Homogenization 
pressure (bar)  
and times

400 (bar)

 3 (times) 145.7 ± 7.2
 5 269.6 ± 12.8
 7 242.8 ± 12.1
 9 220.0 ± 10.6
 11 113.0 ± 5.6
 13 237.0 ± 10.3
 15 159.5 ± 7.9

(Continued)

Table 1 (Continued)

Order of  
evaluation

Variable Level Mean particle  
diameter  
(nm) ± SD

600
 3 177.7 ± 8.1
 5 190.1 ± 9.5
 7 308.7 ± 14.5
 9 146.3 ± 7.3
 11 173.4 ± 6.2
 13 233.1 ± 13.5
 15 368.7 ± 14.9
800
 3 465.7 ± 22.8
 5 148.9 ± 7.2
 7 144.3 ± 6.1
 9 315.2 ± 15.3
 11 395.3 ± 19.5
 13 237.7 ± 11.2
 15 355.2 ± 19.4
1000
 3 266.7 ± 13.3
 5 225.9 ± 11.2
 7 412.3 ± 20.6
 9 433.3 ± 21.6
 11 393.7 ± 19.6
 13 343.8 ± 17.1
 15 294.5 ± 13.5
1200
 3 965.8 ± 48.1
 5 221.2 ± 11.2
 7 219.6 ± 9.3
 9 509.7 ± 24.3
 11 430.4 ± 21.5
 13 314.3 ± 14.2
 15 330.9 ± 14.5

Abbreviation: sD, standard deviation.

ous solution containing 5 mg GL-BSA lyophilized powder 

was placed in a 100°C water bath for 5 hours. The resulting 

hydrolysate was placed in a volumetric flask and ethanol 

was added to reach a final volume of 25 mL. The concen-

tration of GA was determined by a HPLC system equipped 

with a Jasco UV-975 ultraviolet (UV) detector (Easton, 

MD, USA) using a Diamonsil C
18

 column (4.6 × 250 mm, 

5 µm; Dikma Technologies, Beijing, People’s Republic of 

China) with a mobile phase consisting of a methanol and 7% 

ammonium acetate solution (86:14, v/v), flow rate of 1 mL/

min, and UV detection wavelength of 254 nm. The concen-

tration of GA was calculated relative to a GA reference of 

y = 20877.1355 x + 20377.1642 and R2 = 0.9997 (in which 

x is the concentration of GA in mg/mL and y is the peak 

area).
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Determination of drug encapsulation  
efficiency and drug loading efficiency
The GL-BSA-HCPT-NPs were separated after centrifuga-

tion at 10,000 rpm for 20 minutes. Following this, the HCPT 

concentration of the supernatant was determined by HPLC, 

performed on the Diamonsil C
18

 column with a mobile 

phase of 25% acetonitrile and 75% 0.075 M ammonium 

acetate buffer (pH = 6.4), flow rate of 1 mL/min, and UV 

detective wavelength of 266 nm.21 The concentration in 

suspension was calculated relative to a HCPT reference of 

y = 35993992.3465 x + 331604.0863 R2 = 0.9993 (in which 

x is the HCPT concentration in mg/mL and y is the peak area). 

Drug loading and encapsulating efficiencies were determined 

by Equations 1 and 2.

 

Drug-loadingefficiency (%)

HCPT HCPT

GL-
(total) (supernatant)=

−
BBSA-HCPT-NPs

× 100%

 

(1)

 

Drugencapsulatingefficiency (%)

HCPT HCPT(total) (supernatan=
− tt)

(total)HCPT
× 100%  (2)

Morphology, particle size, and zeta potential  
of the GL-BsA-HCPT-NPs
A suitable amount of the lyophilized sample was dissolved 

in water. A drop of the solution was dropped on a round 

coverslip then blow-dried with sterile wind using a sterile 

bench, which also prevented dust from affecting the drop. 

The coverslip coated with the sample was used to investigate 

the morphology by SEM (Quanta 200, FEI Co., Eindhoven, 

The Netherlands).

GL-BSA-HCPT-NPs were dispersed in water to attain a 

concentration of 5 mg/mL. Then 3 mL of the solution was 

placed in a sample cell to detect the particle size by laser light 

scattering and the zeta potential using a ZetaPlus Zeta Potential 

Analyzer (Brookhaven Instruments, Holtsville, NY, USA).

In vitro stability test
The particle size and zeta potential of the prepared GL-BSA-

HCPT-NP solution with a concentration of 5 mg/mL was then 

assessed every hour for 16 hours to observe the stability of 

the sample at a temperature of 25°C.

solid state study
The solid state of the sample was studied using FTIR spec-

trometry, XRD, TG, and DSC. The transmittance of the 

sample was detected using FTIR spectrometry, as described 

in the “Preparation of GL-BSA” section.

The XRD patterns were used to confirm the crystal phase 

of the NPs. Six milligrams of the sample was weighed into 

the sample pool using an X’Pert PRO X-ray diffractometer 

(Philips, Amsterdam, The Netherlands) with a rotating anode 

and examined in the range of 5° , 2θ , 90° at 40 kV and 

30 mA.

Thermal gravimetric analysis of the sample was performed 

using a Diamond Thermogravimetric/Differential Thermal 

Analysis system (Perkin-Elmer, Waltham, MA, USA). Ten 

milligrams of the sample was put into the sample pool and 

heated from 34°C to 600°C at the rate of 10°C/min.

DSC analysis of the sample was undertaken using a 

TA-60WS Thermal Analyzer (Shimadzu, Kyoto, Japan). 

Six milligrams of the sample was weighed into the sample 

pool to be scanned from room temperature to 350°C at a 

rate of 10°C/min.

The thermal gravimetric and DSC analyses of the sample 

were performed under nitrogen purge.

In vitro release study
Lyophilized GL-BSA-HCPT-NP powder (10.9% [w/w] drug 

loading) containing 1.2 mg of HPCT was dissolved in 5 mL of 

0.1 M, pH 7.4 PBS. This was then placed in Slide-A-Lyzer® 

dialysis cassettes (molecular weight cutoff 10,000; Thermo 

Fisher Scientific, Waltham, MA, USA). Subsequently, the 

dialysis cassettes were immersed in a 250 mL beaker con-

taining 200 mL PBS. The mixture was stirred at a speed of 

100 rpm in an incubator shaker at 37°C. The release buffer 

(4 mL) was taken from the beaker and replaced with 4 mL 

fresh release buffer at given time intervals, and the samples 

were shaken continuously over the course of 72 hours.

In addition, the release of HCPT from HCPT sodium 

and mixture of HCPT sodium and GL-BSA was studied as a 

positive control. To do this, mixtures were created containing 

HCPT sodium and HCPT sodium/GL-BSA – each containing 

the same concentration of HCPT – instead of GL-BSA-HCPT 

NPs. Both release studies were repeated three times. The 

concentration of HCPT in the samples was determined by 

HPLC using the method already described. The regression 

equation between peak area (y) and HCPT concentration (x) 

was fitted as y = 35139.2585 x + 5889.2281 (R2 = 0.9995). 

Cumulative release of drug was calculated by the following 

formula shown in Equations 3, 4, and 5,37 in which C
i
 stands 

for the HCPT concentration of each sample withdrawn at 

predetermined time intervals, C
i
′ represents the increase of 
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the HCPT concentration during each time interval, V stands 

for the volume of the release buffer, V
i
 is for the volume of 

each withdrawn sample, M is the total HCPT in the sample, 

and Q
i
 is the accumulative release percentage at a predeter-

mined point in time.

 
C C1 1

′ =
 

(3)

 
C C

V V C

Vi i
i i

+ += −
−

1 1
′ ( )  

(4)

 Q

C V

Mi

i
i

i

= =
∑ ′

1 100× %  (5)

Hemolysis test
Rabbit blood was used to test the hemolysis effect of GL-

BSA-HCPT-NPs. Heparinized rabbit whole blood (10 mL) 

was added to 5 mL of physiological saline (5 mL), which 

was subsequently centrifuged at 2500 rpm for 10 minutes. 

The erythrocyte sediment was washed with physiological 

saline three times until the supernatant was no longer red38 in 

comparison to the color of normal saline. Erythrocyte pellets 

(1 mL) were added to 49 mL of physiological saline to prepare 

a 2% erythrocyte standard suspension. The GL-BSA-HCPT- 

NPs were dissolved in physiological saline at a concentration 

of 5 mg/mL. Then, this solution (0.125, 0.25, 0.5, 1.0, 1.5, 

and 2 mL) was added to six tubes, each containing 2.5 mL of 

the erythrocyte suspension. Physiological saline was added 

to each tube to a total volume of 5 mL. Physiological saline 

(2.5 mL) mixed with 2.5 mL of 2% erythrocyte suspension 

was used as negative control and the positive control was pre-

pared by mixing 2.5 mL of water with 2.5 mL 2% erythrocyte 

suspension. After blending, all the tubes were incubated at 

37°C and observed at baseline and after 1 hour, 2, 4, 7, 10, 

and 24 hours. Then the suspension in each tube was remixed 

lightly after 24 hours to observe agglutination of red cells.

Targeting property assay
Cell culture
Human hepatoma cells (SMMC7721) cells purchased for 

the Shanghai Cell Line Bank (Chinese Academy of Sci-

ences, Shanghai, People’s Republic of China) were used to 

perform the cell uptake study and cell proliferation assay 

of GL-BSA-HCPT NPs. The cells were cultured in RPMI 

1640 medium with 10% heat-inactivated fetal bovine serum, 

penicillin (100 U/mL), and streptomycin (100 µg/mL), then 

incubated in a humidified atmosphere containing CO
2
 (5%) 

at 37°C.

Cell uptake
The samples containing GL-BSA-HCPT-NPs, BSA-HCPT-

NPs, and the physical mixture of BSA-HCPT-NPs and GL 

were labeled with FITC in order to observe the extent of 

their uptake into SMMC7721 cells. The samples were dis-

persed in a carbonate buffer solution (pH = 9). FITC was 

added to the dispersion at a ratio of 1:200. After blending, 

the reaction was performed by placing the samples in a dark 

place at 4°C for 2 hours. Following this, the FITC-labeled 

samples were separated by centrifugation at 12,000 rpm 

for 20 minutes and the resultant supernatant discarded. The 

samples were then washed three times and separated again 

by centrifugation.

The cells (300,000 cells/well) were seeded in disposable 

six-well plates at 2 mL/well and cultured for 12 hours in a 

5% CO
2
 incubator at 37°C. The FITC-labeled samples were 

added to different wells and incubated for 4 hours. After this, 

the wells were washed three times with normal saline, then 

the cells in each well were infiltrated with 1 mL saline. The 

plates were observed by laser scanning confocal microscopy 

(D-eclipse C1, Nikon, Tokyo, Japan) with an excitation 

wavelength of 488 nm.

Cell proliferation assay
MTT assay was used to assess the cell proliferation of the 

SMMC7721 cells. The exponential growth-phase cells 

were seeded into disposable 96-well plates at 200 µL/well 

(containing 5000 cells) and cultured in a 5% CO
2
 incubator 

at 37°C for 24 hours. The samples containing GL-BSA-

HCPT-NPs, BSA-HCPT-NPs, and HCPT sodium were added 

to wells at different concentrations of HCPT (248.0, 24.8, 

2.48, and 0.248 µg/mL), and each concentration repeated 

five times. The cells were incubated for 48 hours. Following 

incubation, 20 µL of MTT was added to each well, and the 

cells were incubated for another 4 hours. The supernatant 

was then discarded and 150 µL dimethyl sulfoxide added 

to the wells. The 96-well plates were put on a horizontal 

oscillator to increase the solvation of formazan crystals. The 

optical density values were determined using a microplate 

reader at a wavelength of 492 nm. The Bliss method39 was 

used to calculate the half maximal inhibitory concentration 

(IC50).

statistical study
The data presented in the “Results and discussion” section 

are the mean ± standard deviation of triplicate measure-

ments and are representative of at least three independent 

experiments.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1212

Zu et al

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of Nanomedicine 2013:8

Results and discussion
Experimental design and analysis
The optimal conditions were determined using a single-

factor test. Particle size plays a key role in determining 

the distribution of nanoparticles (in this case, GL-BSA-

HCPT-NPs) in vivo and ensuring best access into cancer 

cells. During preliminary experiments, we determined that 

the following factors had a significant effect on particle 

size: BSA concentration, volume ratio of water to organic 

phase, and speed and speed duration of homogenization as 

well as pressure and number of times homogenized at each 

pressure (Table 1).

The first factor was BSA concentration. We selected a 

concentration range of 0.5–4 mg/mL to test. When deter-

mining the optimal BSA concentration, the other factors (ie, 

 volume ratio of water to organic phase, speed and speed dura-

tion of homogenization, and pressure and pressure duration of 

homogenization) acted as fixed parameters. The particle size 

of 716.4 ± 35.9 nm and 290 ± 14.5 nm at the concentrations 

of 0.5 mg/mL and 4.0 mg/mL, respectively, can be seen in 

Table 1. The results show that particle size decreased gradu-

ally as the BSA concentration was increased. BSA plays the 

role of surfactant in the system for containing both hydro-

philic and hydrophobic groups. A better emulsified state is 

one where the organic phase and water phase mix uniformly, 

and the phenomenon of demulsification and stratification 

did not occur in this system within a certain time. However, 

according to Equation 1, when the concentration of HCPT 

is fixed, drug loading efficiency will be increased when the 

concentration of BSA is decreased. Taking this into account, 

we determined the concentration of 1 mg/mL to be optimum, 

and the experiments were studied at this concentration.

The ratio of water to organic phase volume was the 

second factor to be considered. We examined ratios within 

the range of 5:1 to 33:1. In determining the optimal ratio, 

the fixed parameters were BSA concentration (1 mg/mL), 

homogenizer speed and duration of speed. Particle size was 

744.3 ± 33.6 nm and 390.5 ± 18.5 nm at the volume ratios of 

5:1 and 9:1, respectively, as shown in Table 1. A  water-in-oil 

emulsion system is formed at ratios between 5:1 and 9:1, 

with the particle size becoming smaller as the water volume 

is increased. However, we found that particle size visibly 

tends to increase in the ratio range of 9:1 to 17:1, but in this 

range, the water and organic phase cannot form a stable 

emulsion system. The same principle has been reported in 

the  literature.22 There was a trend to smaller particle sizes 

and gradual stabilization of emulsion state at ratios from 17:1 

to 33:1. The particle size when the water to organic phase 

volume ratio was 17:1, 21:1, and 25:1 were 842.1 ± 41.5, 

787.2 ± 33.9, and 351.7 ± 16.2 nm, respectively, and at the 

ratio of 29:1 and 33:1, the particle sizes were 145.8 ± 7.3 

and 115.7 ± 5.6 nm, respectively. Thus, we determined 

that a suitable ratio of oil to water would be in the range 

of 17:1 to 33:1 to ensure a stable emulsion state. Taking 

into account that the greater the volume of water used, the 

greater the amount of BSA is necessary, which would affect 

the drug loading efficiency, we selected the ratio of 25:1 as 

the optimal proportion of water to organic phase to use in 

subsequent tests.

The influence of homogenization speed and time on 

particle size is shown in Table 1. We tested homogenization 

speeds in the range of 5000–10,000 rpm and homogeniza-

tion times of 1–12 minutes. The already established optimal 

BSA concentration (1 mg/mL) and ratio of water to organic 

phase volume (25:1) were used. At a speed of 5000 rpm, 

the resultant particle size was 55.1 nm after the first minute 

and this increased to 371.8 ± 19.0 nm after 12 minutes. 

Over the initial 1–3 minutes, the particle size gradually 

became increased, but there was little change over the 5- 

to 12-minute interval. Thus, it was determined that it was 

not useful to homogenize at this speed for a long period. 

Further, a longer homogenizing time may break the stabil-

ity of the droplets, resulting in a larger particle size. At a 

speed of 7500 rpm, particle size was 290.5 ± 14.1 nm after 

homogenization for 1 minute, and after 7 minutes particle 

size increased to 658.5 ± 33.1 nm. However, at 9 minutes, 

the size of the particle had decreased to 499.6 ± 23.9 nm, 

and it was 380.6 ± 18.5 nm at 12 minutes. Therefore, we 

determined that at 7500 rpm, particle size becomes larger 

as homogenization time increases, but change in particle 

size amplitude is relatively small over the 3- to 12-minute 

period. At 10,000 rpm, particle sizes were 478 ± 24.0 nm 

and 692 ± 34.6 nm after homogenization for 1 minute and 

12 minutes, respectively, and the change in particle size 

amplitude over time was the same as at 7500 rpm. There-

fore, as product prepared at the speed of 5000 rpm was of 

a smaller particle size than at other speeds (as shown in 

Table 1), we determined that 5000 rpm was powerful enough 

for our experiments. Higher speeds were not helpful, as they 

negatively influenced the goal of reaching particles of a 

smaller size. Therefore, a speed of 5000 rpm for a duration 

of 1 minute was chosen as being optimal.

Primary emulsification could occur under the three 

optimal conditions just described – a BSA concentration of 

1 mg/mL, a ratio of 25:1 of water to organic phase volume, 

and a homogenization speed of 5000 rpm for 1 minute. 
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The system under these conditions was observed by optical 

microscope and the optimal emulsified state was observed, 

with many small droplets of oil in water, as shown in  Figure 2. 

Further, abundant droplets dispersed in the solvent were seen 

under magnification of 10 × 40 times (Figure 2A) and under 

magnification of 10 × 100 times (Figure 2B). The droplets 

observed were in good condition. This optimal emulsified 

state after homogenization has also been reported in the 

literature.40

Homogenization can ensure a smaller particle size and 

a more uniform droplet.41 As heat can induce the cross-

linking of BSA when BSA is heated for the homogeniza-

tion process, cross-linking occurs, which helps to form 

stable NPs.42 A sample was prepared under the optimal 

conditions just described to study the impact of homog-

enization pressure and the number of homogenizations 

at each pressure on particle size (Table 1). We tested 

homogenization pressures in the range of 400–1200 bar, 

homogenized between three and 15 times. Cross-linking 

of BSA did not occur in the system as soon as it became 

homogeneous, but began on subsequent homogenizations; 

as the number of times homogenization was performed 

increased, the temperature of the system increased. In 

conclusion, we determined that the greater the homogeni-

zation pressure, the sooner stable nanoemulsion droplets 

would be obtained. At a pressure of 400 bar, the particle 

size remained stable when homogenization was repeated 

three and eleven times (Table 1). When homogenized 

13 times, the system started to become transparent and 

opalescent, indicating that the BSA had cross-linked; 

at this point, the particle size was 237 ± 10.3 nm. After 

15 homogenizations,we observed a trend of decreasing 

particle size, due to the continuous homogenization. At a 

pressure of 600 bar, a good emulsified state was observed 

after eleven homogenizations, at which point the particle 

size was 173.4 ± 6.2 nm. After 13 and 15 homogenizations, 

the particle sizes were 233.1 ± 13.5 and 368.7 ± 14.9 nm, 

respectively. At a pressure of 800 bar, a good emulsified 

state occurred after seven homogenizations, which 

resulted in a particle size of 144.3 ± 6.1 nm. Particle 

size increased significantly from 9 homogenizations and 

changed slightly from 9 to 15 homogenizations. A good 

state of emulsification occurred after five homogenization 

at pressures of 1000 and 1200 bar, resulting in particle 

sizes of 225.9 ± 11.2 and 221.2 ± 11.2 nm, respectively. 

As the number of homog enizations increased, the particle 

size gradually increased. Even when the pressure was dif-

ferent, the particle size of the product continued increase 

with subsequent homogenizations following achievement 

of a good emulsified state, which we attributed to the 

continual cross-linking of the BSA at high temperature. It 

is favorable to choose the number of homog enizations to 

match the primary period of BSA cross-linking. Particle 

size was smallest at 800 bar, as shown in Table 1. Therefore, 

a pressure of 800 bar and seven homogenizations were 

selected as optimal.

HCPT solubility was significantly improved when the 

organic phase consisted of trichloromethane and ethanol rather 

than water; however, the level of solubility was still not as good 

as hoped. The peak concentration of HCPT (3.3 mg/mL) was 

selected directly in the preparation process.

In sum, the optimal conditions for the production of GL-

BSA-HCPT-NPs were: the peak concentration of HCPT, 

BSA concentration of 1 mg/mL, ratio of water to organic 

phase of 25:1, and seven homogenizations at a speed of 5000 

rpm for 1 minute each at a pressure of 800 bar.

HCPT-loaded BSA has been studied and reported in the 

literature. Yang et al reported the preparation of HCPT-loaded 

BSA-NPs using an emulsification method in 2007.21 In that 

study, mean particle size of the obtained NPs was around 

600 nm, and the drug loading contents, encapsulation effi-

ciencies, and yields achieved were 2.21%, 57.5%, and 90.5%, 

respectively, under optimal preparation conditions.21 Further, 

Li et al reported the preparation of HCPT-loaded BSA-NPs in 

2011 using an improved preparation process. The particle size 

of the NPs obtained was 233.9 ± 1.2 nm and they achieved a 

drug loading content and encapsulating efficiency of 7.3% 

and 79.1%, respectively.17 The preparation process detailed 

in the present paper achieved greater progress with not 

only particle size but also drug loading efficiency and drug 

entrapment efficiency. The GL-BSA-HCPT-NPs prepared 

under the determined optimal conditions had a particle size 

of 157.5 nm and zeta potential of −22.51 ± 0.78 mV. Further, 

the drug loading efficiency and drug entrapment efficiency 

were 10.9% and 93.7%, respectively, and these were used for 

the detection of the following.
Figure 2 The state of the system after homogenization observed by optical 
microscope: (A) 10 × 40 magnification; (B) 10 × 100 magnification.
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The freeze-dried powder and aqueous dispersion of the 

powder are shown in Figure 4F. In this photograph, it can 

be seen that the freeze-dried powder reconstitutes well in 

solution, with a transparent opalescence and uniform state 

obeservable.

In vitro stability test
The dispersion of GL-BSA-HCPT-NPs in water was studied 

to measure the stability of the solution after 16 hours at a 

temperature of 25°C. The results of this test are shown in 

Table 2. The particle size was found to be always ,200 nm 

and zeta potential was in the range of −20.34 ± 4.60 mV 

to −36.83 ± 2.25 mV. The polydispersity index detected 

at baseline was 0.164, and it was stable in the range of 

0.251–0.307. There was a limited amount of NP aggrega-

tion during the first hour, but the dispersion was subse-

quently stable and uniform for the rest of the observation 

period. The phenomena of particle reunion, precipitation, 

and stratification did not occur when the solution was 

stored after 16 hours and the dispersion appeared equally 
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Figure 3 Fourier transform infrared spectra of samples: (a) raw glycyrrhizic acid,  
(b) raw bovine serum albumin, (c) glycyrrhizic acid-conjugated bovine serum albumin. 
Notes: The peaks correspond to: (1) 3431.36 cm−1, Free OH; (2) 2953.45 cm−1, C-CH3;  
(3) 1731.38 cm−1, C=O; (4) 1647.21 cm−1, C=O; (5) 1454.33 cm−1, CH2; (6) 
1388.75 cm−1, CH3; (7) 1215.15 cm−1, acetates; (8) 1172.72 cm−1, formates; 
(9) 1052.90 cm−1, secondary cyclic alcohols; (10) 3307.92 cm−1, free NH; (11) 
1656.78 cm−1, amides.

The coupling degree of GL to BsA
The FTIR spectra of samples are presented in Figure 3, which 

shows the remarkable peaks of BSA (peaks 10 and 11) and 

GL (peaks 1–9). The FTIR spectrum of GL-BSA (c) shows 

both the characteristic peak of GL (peak 9) at wavenumber 

1052.90 cm−1 and of BSA (peak 10) at 3307.92 cm−1. As 

BSA contains a large number of amide bonds, there is an 

absorption peak at wavenumber 1656.78 cm−1. The curve c 

also shows peak 11, which is more obvious than in curve b, 

as the completion of GL conjugation to BSA depends on the 

formation of amide bonds. Thus, the spectra show that GL 

was coupled with BSA successfully.

GL, the active compound in licorice, is a conjugate of 

two molecules – glucuronic acid and GA.43 GL is turned 

into GA by acid hydrolysis, and this was used to detect the 

quantity of GL coupled to BSA, which, using HPLC, was 

found to be 98.26 µg/mg.

Characterization of GL-BsA-HCPT-NPs
Morphology of GL-BsA-HCPT-NPs
The morphology of the samples is shown in Figure 4. 

The raw BSA appeared as irregular flakes, with a particle 

size ranging from 1 to 200 µm (Figure 4A). Raw HCPT 

presented as irregular blocks, with a particle size ranging 

from 1 to 20 µm (Figure 4B). Figure 4C shows BSA-NPs 

with a nearly spherical shape and Figure 4D shows GL-

BSA-NPs with a nearly spherical shape. The GL-BSA-

HCPT-NPs were nearly spherical and dispersed evenly, 

rather than stuck together, as can be seen in Figure 4E. 

Figure 4 Morphology of samples observed by scanning electron microscopy: 
(A) raw bovine serum albumin (BsA), (B) raw 10-hydroxycamptothecin (HCPT), 
(C) BsA-nanoparticles (NPs), (D) glycyrrhizic acid-conjugated BsA-NPs, 
and (E) 10-hydroxycamptothecin-loaded glycyrrhizic acid-conjugated bovine serum 
albumin nanoparticles (GL-BsA-HCPT-NPs). (F) Photograph of freeze-dried GL-
BsA-HCPT-NP powder (left) and the aqueous dispersion (right).
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distributed. Therefore, the GL-BSA-HCPT-NP dispersion 

demonstrated good  stability over the 16-hour observation 

period.

solid state study
The FTIR spectra of samples is shown in Figure 5A. As can 

be seen in this figure, the GL-BSA and GL-BSA-HCPT-NP 

curves are basically consistent. The distinctive HCPT peak 

appears in the raw HCPT at wavenumber 1741.33 cm−1 and 

there is also a small peak in the curve of the GL-BSA-HCPT-

NPs, which indicates that there was a trace amount of HCPT 

present on the surface of the GL-BSA.

TG measures the relationship between temperature and 

quality. The TG curves of samples are shown in Figure 5B. 

The HCPT began to lose weight from 20°C to 80°C, which 

was attributed to water loss. The weight loss of HCPT hap-

pened again from about 300°C. The total ratio of weight loss 

is about 55%. The curves of raw BSA, GL-BSA, and the GL-

BSA-HCPT-NPs show weight loss from 20°C to 100°C due to 

water loss. The phenomenon of weight loss happened again and 

the weight decreased rapidly from about 250°C. The raw BSA 

lost about 67% of its weight, as can be seen in the b curve in 

Figure 5A. The highest weight loss – 91% – was observed in 

GL-BSA-NPs. This is because the GL-BSA-NPs have a smaller 

particle size than raw BSA, and the smaller particle size has a 

higher specific surface area and hence higher specific surface 

energy,44 which leads to easier vaporization and earlier decom-

Table 2 stability study of 10-hydroxycamptothecin-loaded 
glycyrrhizic acid-conjugated bovine serum albumin nanoparticles 
examining particle size and zeta potential changes over 16 hours

Time  
(h)

Particle size ± SD  
(nm)

Zeta potential ± SD  
(mV)

Polydispersity  
index

0 168.5 ± 8.1 −27.72 ± 1.76 0.164
1 122.0 ± 1.6 −28.91 ± 2.44 0.307
2 118.5 ± 4.2 −29.00 ± 1.91 0.305
3 116.1 ± 4.1 −25.78 ± 1.32 0.300
4 131.2 ± 9.7 −23.72 ± 2.53 0.280
5 132.8 ± 7.8 −23.57 ± 1.53 0.260
6 127.6 ± 7.2 −27.99 ± 2.03 0.279
7 139.8 ± 7.6 −30.20 ± 3.33 0.242
8 133.0 ± 11.8 −33.07 ± 2.81 0.251
9 122.6 ± 15.0 −35.36 ± 2.47 0.269
10 146.5 ± 5.3 −36.02 ± 3.05 0.232
11 133.9 ± 2.4 −36.83 ± 2.25 0.260
12 124.3 ± 3.4 −20.34 ± 4.60 0.283
13 118.1 ± 2.8 −28.95 ± 1.28 0.299
14 133.6 ± 6.4 −26.15 ± 1.29 0.261
15 123.7 ± 5.0 −21.75 ± 1.34 0.292
16 119.0 ± 3.1 −24.16 ± 1.71 0.303

Abbreviation: sD, standard deviation.

position energy. The weight loss rate for GL-BSA-HCPT-NPs 

was about 80%, which was lower than that for GL-BSA and 

higher than that for HCPT, which effectively confirmed the 

presence of HCPT in the NPs.

The XRD analysis of samples containing raw HCPT, 

raw BSA, GL-BSA-NPs, and GL-BSA-HCPT-NPs is shown 

in Figure 5C. Many diffraction peaks can be observed in 

the XRD curve of raw HCPT due to its crystal morphol-

ogy,17 while there are two broad peaks (at 2θ = 8.23° and 

21.59°) in the curve of BSA on account of its amorphous 

morphology. The GL-BSA-NP curve has only one broad 

diffraction peak (at 2θ = 22.6°) and the NPs were con-

firmed as amorphous because of their smaller particle 

size. Only one broad peak was found in the XRD curve of 

GL-BSA-HCPT-NPs, showing that HCPT is wrapped and 

amorphous, and that there was a small amount of HCPT 

present on the surface of GL-BSA, which is in agreement 

with the FTIR spectroscopy result (Figure 5A). An amor-

phous solid is more diffluent than a crystalline solid;45 as a 

result, GL-BSA-HCPT-NPs have good solubility in water 

compared with raw HCPT.

The DSC curves of samples are shown in Figure 5D. 

There is an obvious melting peak at about 278.9°C in the 

HCPT curve, but no melting peak in either the BSA or 

GL-BSA curves, confirming that both were amorphous. 

Moreover, there is no melting peak for HCPT in GL-BSA-

HCPT-NPs, as shown in Figure 5D, which confirmed the 

presence of the amorphous HCPT in the GL-BSA-HCPT-

NPs, in accordance with the XRD results.

Drug-release study
HCPT sodium injection and 10.9% drug loading efficiency 

of GL-BSA-HCPT-NPs were both used to study the release 

of HCPT in vitro (Figure 6). The release of GL-BSA-

HCPT-NPs is shown in curve b in this figure. It was nearly 

linear in the first 10 hours, and the speed of release was 

constant. The accumulated release of GL-BSA-HCPT-

NPs was 43.25%. The particle size and zeta potential of 

GL-BSA-HCPT-NPs dispersion was relatively stable, as 

shown in Table 2. Studies on drug release from BSA have 

been reported in the literature,46 and have indicated that 

BSA degradation is impossible in the first hour. The par-

ticles did not disperse completely in water at baseline, but 

began to disperse completely from 1 hour on, maintaining 

a stable particle size over time (Table 2). At 12 hours, the 

rate of GL-BSA-HCPT-NP release increased rapidly. The 

total accumulated release was 75.42%. This phenomenon 

may be due to the degradation of BSA. The particle size of 
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Figure 5 Physical properties of samples. (A) Fourier transform infrared spectra of samples: (a) glycyrrhizic acid-conjugated bovine serum albumin (GL-BsA), 
(b) 10-hydroxycamptothecin-loaded glycyrrhizic acid-conjugated bovine serum albumin nanoparticles (GL-BsA-HCPT-NPs), and (c) raw 10-hydroxycamptothecin (HCPT). 
(B) Thermogravimetric curves of samples: (a) raw HCPT, (b) raw BsA, (c) GL-BsA-HCPT-NPs, and (d) glycyrrhizic acid-conjugated bovine serum albumin nanoparticles 
(GL-BsA-NPs). (C) X-ray diffraction curves of samples: (a) raw HCPT, (b) GL-BsA-HCPT-NPs, (c) GL-BsA-NPs, and (d) raw BsA. (D) Differential scanning calorimetric 
curves of samples: (a) raw BsA, (b) GL-BsA-NPs, (c) GL-BsA-HCPT-NPs, and (d) raw HCPT.

the GL-BSA-HCPT-NP dispersion was smaller at 12 hours 

than at 10 hours, and the zeta potential rose over this 

period (Table 2). The results show that plenty of HCPT was 

released from the NPs.

The GL-BSA-HCPT-NPs continued to be released 

slowly over the following 60 hours, with cumulative release 

reaching ∼87% after 72 hours. At 10 hours, the accumu-

lated release of sodium was 82.72%, nearly twice the 

accumulated release of GL-BSA-HCPT-NPs at the same 

time. At 12 hours, the accumulated release of sodium had 

reached 84.85%, but the rate of release gradually leveled off 

and the cumulative release had reached ∼96% at 72 hours.

The release of another positive control (HCPT sodium solu-

tion with GL-BSA in a physical mixture) is shown as curve c 

in Figure 6. It can be seen that the rate of mixture release was 

more rapid than for the other two samples. At 10 hours, the 

cumulative release was 94.35%. At 12 hours, the cumulative 

release rate was 84.85% for HCPT sodium and 96.12% for the 

HCPT sodium/GL-BSA mixture. Following this, the HCPT 

sodium/GL-BSA mixture was released slowly, to reach a total 

cumulative release of 98.14% at 72 hours. It is clear that the 

HCPT sodium/GL-BSA mixture was released more rapidly 

than HCPT sodium alone. This was due to the influence of 

GL-BSA in the mixture, which acts as a surfactant, helping 

to improve the solubility and speed of solubility of the HCPT 

sodium in the mixture. These results indicate that the drug 

delivery system can release continuously and slowly.

Hemolysis test
Hemolysis only occurred in the positive control tube, shown 

in Figure 7. Tube 1 was the negative control, Tubes 2–7 con-

tained samples at different concentrations of GL-BSA-HCPT-
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Figure 7 Hemolysis testing of 10-hydroxycamptothecin-loaded glycyrrhizic acid-
conjugated bovine serum albumin nanoparticles from 0 to 24 hours: (A) 0 hours, 
(B) 1 hour, (C) 2 hours, (D) 4 hours, (E) 7 hours, (F) 10 hours, (G) 24 hours, 
(H) 24 hours (well shaken).
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Figure 6 Drug-release curves: (a) 10-hydroxycamptothecin (HCPT) sodium injection, (b) HCPT-loaded glycyrrhizic acid (GL)-conjugated bovine serum albumin (BsA) 
nanoparticles, (c) HCPT sodium solution with GL-conjugated BsA in physical mixture.

NPs, and Tube 8 was the positive control. After re-mixing, red 

blood cells were uniformly distributed in Tubes 2–7 without 

erythrocyte agglutination, and consistent with the negative 

control. The highest drug concentration was 2 mg/mL in 

Tube 7, in which there was no occurrence of hemolysis and 

agglutination at 37°C. Thus, GL-BSA is a safe drug carrier 

for tumor-targeted drug delivery. Lian et al have also proven 

the safety of drug carriers in this way.38

Targeting property assay
Cell uptake
The fluorescence intensity of the FITC-labeled samples 

is shown in Figure 8. The fluorescence intensity of FITC-

labeled GL-BSA-HCPT-NPs was more obvious than that 

of the other samples, due to the abundant GL-BSA-HCPT-

NPs captured and adsorbed by the cells (Figure 8A). The 

well containing the physical mixture of FITC-labeled 

BSA-HCPT-NPs and GL showed some fluorescence spots 

(Figure 8B), but the intensity was obviously weaker than 

the fluorescence shown in Figure 8A and C. We proposed 

that the main reason for the reduced BSA-HCPT-NP uptake 

was that the SMMC7721 cells can selectively capture 

GL. Figure 8C confirms this inference, as there are more 
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Figure 8 The fluorescence intensity of samples using fluorescein isothiocyanate (FITC) labeling. (A) Laser scanning confocal microscope (LsCM) image of  
10-hydroxycamptothecin-loaded glycyrrhizic acid-conjugated bovine serum albumin nanoparticles (GL-BsA-HCPT-NPs) (top) and FITC-labeled GL-BsA-HCPT-NPs (bottom); 
(B) LsCM image of the physical mixture of 10-hydroxycamptothecin-loaded bovine serum albumin nanoparticles (BsA-HCPT-NPs) and GL (top) and FITC-labeled BsA-
HCPT-NPs and GL (bottom); (C) LsCM image of BsA-HCPT-NPs (top) and FITC-labeled BsA-HCPT-NPs; (D) LsCM image of blank cells to which no NPs were added.
Abbreviations: BsA, bovine serum albumin; GL, glycyrrhizic acid; HCPT, 10-hydroxycamptothecin; NP, nanoparticle.

fluorescence spots in this figure than in Figure 8B. Fig-

ure 8C shows the fluorescence intensity of FITC-labeled 

BSA-HCPT-NPs is weaker than in Figure 8A, but a little 

stronger than in Figure 8B. Figure 8D shows almost no 

fluorescence spots, as there were no NPs in this well. Thus, 

the fluorescence intensity of the samples was such that 

Figure 8A . 8C . 8B . 8D. As GL is mainly taken up 

into the liver,30 GL-conjugated NPs display a better rate of 

cell uptake than unconjugated NPs.

Cell proliferation assay
MTT assay was used to study the cell proliferation of 

SMMC7721 cells. This method was selected because it is 

a classical procedure that has been mentioned many times 

in the literature.47,48 The inhibitory rates of the samples 

are shown in Figure 9. The concentrations of GL-BSA-

HCPT-NPs tested were 248.0, 24.8, 2.48, and 0.248 µg/mL. 

Inhibition of cell proliferation occurred after incubation 

for 48 hours, and developed alongside rising concentra-

tion. Figure 9A shows the inhibitory rate of HCPT sodium, 

which is lower than that displayed in  Figure 9B and C for 

each drug concentration. Figure 9B shows the inhibition of 

BSA-HCPT-NPs and Figure 9C shows the inhibitory rate 

of GL-BSA-HCPT-NPs. GL-BSA-HCPT-NPs could inhibit 

cell proliferation more effectively than BSA-HCPT-NPs 

and HCPT sodium, and this was especially true at low 

 concentration. The high inhibitory rates of GL-BSA-HCPT-

NPs and BSA-HCPT-NPs show the superiority of HCPT 

over any HCPT sodium salt.

The NPs were captured by cell endocytosis.  Degradation 

of BSA led to the release of HCPT from NPs captured in 

the cells, which inhibits the cell proliferation. Owing to 

the livertaxis of GL, GL-BSA-HCPT-NPs were taken up 

in larger number by cells and appeared more efficacious 

than BSA-HCPT-NPs. The IC50s of GL-BSA-HCPT-NPs, 

BSA-HCPT-NPs, and HCPT sodium were 0.78 ± 0.015, 

1.62 ± 0.039, and 7.93 ± 0.255 µg/mL, respectively. A 

lower concentration of BSA-HCPT-NPs was required 

to reach the inhibition ratio of 50% after incubation for 

48 hours than of HCPT sodium, which shows the superior-

ity of NPs and an efficacy limitation of HCPT sodium. The 

lowest concentration required to reach the 50% inhibition 

ratio after 48 hours was of GL-BSA-HCPT-NPs, which 

shows that NPs conjugating GL are more efficacious than 

non-conjugated NPs.

Based on the results of the cell uptake and cell prolifera-

tion assays, we predict the superiority of GL-BSA-HCPT-NPs 

over BSA-HCPT-NPs and HCPT sodium in future in vivo 

studies. As the liver can take up GL specifically, GL would 

function as a guide for GL-BSA-HCPT-NPs, drawing them 

to the liver cancer cells or tissue, thus improving liver uptake. 

In vivo studies on tumor models will be carried out in future. 

Figure 10 shows the principle of NP uptake by the liver.

Conclusion
In the study, GL-BSA-HCPT-NPs were prepared with 

a narrow particle size distribution and an average par-

ticle size of 157.5 nm by high-pressure homogenization 
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GL
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GL-BSA-HCPT-NPs Liver

GL receptor

Figure 10 Diagram showing how the liver may interact with 10-hydroxycamptothecin-loaded glycyrrhizic acid-conjugated bovine serum albumin nanoparticles (GL-BsA-
HCPT-NPs).
Abbreviations: BsA, bovine serum albumin; GL, glycyrrhizic acid; HCPT, 10-hydroxycamptothecin.
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Figure 9 Inhibitory rates of samples: (A) 10-hydroxycamptothecin (HCPT) sodium, (B) 10-hydroxycamptothecin-loaded bovine serum albumin nanoparticles, and 
(C) 10-hydroxycamptothecin-loaded glycyrrhizic acid-conjugated bovine serum albumin nanoparticles.
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 emulsification. The zeta potential of the GL-BSA-HCPT-

NPs was −22.51 ± 0.78 mV, indicating stablity for storage. 

The aqueous solution of GL-BSA-HCPT-NPs was stable 

within 16 hours, as shown in our stability test. The drug 

 entrapment efficiency and drug loading efficiency were 

93.7% and 10.9%, respectively. In addition, the charac-

teristics of the GL-BSA-HCPT-NPs were determined by 

SEM, FTIR  spectroscopy, TG, XRD, and DSC analyses. 

The results show that the GL-BSA-HCPT-NPs were nearly 

spherical in shape and HCPT presented amorphously 

wrapped in GL-BSA, a trace of which presented on the 

surface of the GL-BSA. As such, the GL-BSA-HCPT 

dissolved better than raw HCPT. The drug-release in vitro 

study indicates that the drug delivery system could release 

continuously and slowly. Results of the hemolysis test show 

that the GL-BSA was a safe drug  carrier. As both of BSA 

and GL are biocompatible, feasibility of cytotoxicity assay 

can be predicted. The amount of GL that coupled to the 

BSA was 98.26 µg/mg.

As GL is mainly taken up into the liver, the liposomes 

modified by GL on the surface were subject to livertaxis, and 

the livertaxis of BSA modified by GL has been reported in the 

literature. This theory was confirmed again by our cell uptake 

study and cell proliferation assay. The uptake of FITC-labeled 

samples was observed by confocal microscopy and we found 

that cells incubated with GL-BSA-HCPT-NPs showed more 

extensive fluorescence spots and a stronger fluorescence 

intensity than samples without GL-conjugated NPs.

MTT assay was used to determine the inhibitory rate of 

samples. The inhibitory rate of GL-BSA-HCPT-NPs was 

found to develop as the concentration was raised, and it had 

a higher inhibitory rate at the same concentration and lower 

IC50 value than other samples.

Thus, this study shows that GL-BSA-HCPT-NPs can 

target liver tumor cells. In vivo studies on tumor models 

will be carried out in future. GL-BSA-HCPT-targeting drug 

delivery will have a broad range of possible applications in 

liver tumor targeting therapy.
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