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Abstract: Piperlongumine (PL) is a biologically active alkaloid derived from peppers, has significant cytotoxic effects 

on cancer with no cytotoxicity. This study used NabTM technology to prepare PL albumin nanoparticles (PL-BSA-NPs) to 

improve water solubility and bioavailability. We carried out a pharmacological evaluation of the PL-BSA-NPs. The 

morphological profile of the PL-BSA-NPs was relatively uniform, with an average particle size of approximately 210 nm, 

with drug load of 2.1%, and encapsulation rate of 87.6%. PL-BSA-NPs were stable for 4 weeks when stored at 4°C. In 

vitro release behavior of the PL-BSA-NPs showed a sustained release, with a cumulative release of 67.24% in 

approximately 24 hours. The pharmacokinetic properties of PL-BSA-NPs were shown that PL-BSA-NPs could maintain 

a certain level of blood drug concentration for a long time, thus demonstrating the sustained release and increased 

bioavailability of PL. Finally, we investigated the in vitro antitumor activity of the PL-BSA-NPs and found that PL can 

significantly inhibit HepG2 cell proliferation, and that PL-BSA-NPs enhanced the inhibitory effect of PL on this 

proliferative effect. Thus, we concluded that PL can destroy liver cancer cells by increasing ROS levels. These results 

suggested that PL-BSA-NPs show promising potential as a targeted anti-tumor drug. 
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INTRODUCTION 
 

Piperlongumine (PL) or piplartine, 1-[(2E)-3-(3, 4, 5-

trimethoxyphenyl) prop-2-enoyl]-1, 2, 5, 6-

tetrahydropyridin-2-one. As shown as fig. 1, is a 

biologically active alkaloid/amide derived from peppers 

such as the long pepper (Piper longum L. -Piperaceae) 

(Daniel et al., 2013, Lakshmi et al., 2011). It has been 

found that the anti-inflammatory activity of PL 

significantly reduced activated microglia and astrocytes in 

the cortex (Jun et al., 2018). PL can be targeted to, and is 

selective for a variety of cancer cells (Roh et al., 2014, 

Liu et al., 2018). PL is freely available and inexpensive 

and has various pharmacological effects such as analgesia, 

anti-platelet aggregation, hypolipidemia, anti-fungal, and 

has been reported to have therapeutic effects against 

malignant tumors such as hepatocellular carcinoma, 

breast cancer, gastric cancer, lung cancercolon cancer, 

liver cancer and glioblastoma (Adams et al., 2012, Jin et 

al., 2018, Wonhwa et al., 2013, Chen et al., 2015, 

Bharadwaj et al., 2015, Zhou et al., 2016, Zheng et al., 

2016). It has also been shown that PL has potential 

anticancer activity in cholangiocarcinoma (CCA), and co-

exposure of PL with the ROS scavenger N-acetyl-l-

cysteine or GSH utterly blocked PL-induced caspase-

mediated cell death in CCA cell lines (Thongsom et al., 

2017). Furthermore, studied confirmed that time and 

concentration dependence was the way that PL reduced 

cell viability and further induced cell apoptosis have and 

PL had no obvious effect on the distribution of cell cycle 

(Li et al., 2015). Recent studies have reported that PL’s 

anti-tumor mechanism is related with activation of 

reactive oxygen stress (ROS) (Colleen et al., 2015). In 

2014, Liu prepared polymer micelles by a solid dispersion 

method, which improved the water solubility and anti-

tumor activity of PL. The results indicated that 

encapsulating PL into biodegradable polymer micelles 

could enhance its anti-angiogenesis and anti-tumor 

activity (Liu et al., 2014). Neel et al. developed a stable 

nano emulsion oral administration system for PL, which 

improved its solubility, oral bioavailability and anti-tumor 

efficacy (Neel et al., 2016). Furthermore redox-responsive 

nanoparticles for the stimulus-responsive delivery of PL, 

were prepared which showed excellent anti-cancer and 

anti-metastatic effects in the transplanted mouse model 

(Lee et al., 2018).  

 

Albumin nanoparticles represent a drug delivery system, 

formed by using albumin as a carrier material for drug 

embedding. It has a small particle size but a large specific 

surface area, achieving superior sustained release and 

targeting, thereby reducing drug toxicity (Danuta et al., 

2017). To date, studies have utilized variety of 

nanoparticles, including micelles, liposomes, emulsions, 

and micro spheres as drug delivery systems. Amongst 

these, Protein-based nanoparticles have received 

extensive concern with their low cytotoxicity, 

reproducibility, biodegradability, strong drug binding *Corresponding author: e-mail: lnuliuyu@163.com 
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ability and markedly uptake by target cells (Hasan et al., 

2016, Kimura et al., 2018, Si et al., 2018, Ahmed et al., 

2012, Mehmet et al., 2020). Saleh et al. used curcumin 

(CCM) as a hydrophobic drug molecule to produce redox-

reactive human serum albumin nanoparticles (HAS-NPs) 

by use of self-assembly HSA molecules (Saleh et al., 

2018). Nanoparticle curcumin is different from free CCM, 

as it is easy to disperse in aqueous medium. Luis used to 

Bevacizumab-loaded nanoparticles (B-NP) by desolvation. 

The B-NPs exhibited a markedly higher mean size 

(310 nm and 180 nm), with a 13% higher payload 

capacity and lower negative zeta potential (-14 mV and -

35 mV) (Luis et al., 2018). Gong published their findings 

of self-assembled albumin nanoparticles loaded with 

aclarithromycin A and in vivo studies showed that the 

tumor targeting ability of aclarithromycin A loaded onto 

albumin nanoparticles in S180 tumor-bearing mice was 

four times higher than that of the free drug, and its 

cytotoxicity and cardiotoxicity was lower than that of free 

aclarithromycin A (Gong et al., 2016). Among the 

numerous nanoparticles, Bovine serum albumin (BSA) is 

one of the commonly used model systems to simulate 

human serum albumin. In the circulatory system, as the 

main soluble protein, albumin can maintain osmotic 

pressure and bind and transporting nutrients to the cell 

(Jianzhong and John, 1999). BSA nanoparticles can be 

prepared into well-defined sizes, they are biodegradable 

and have active groups such as amino and carboxyl can 

bind better with other ligands (Niknejad et al., 2015). 
 

Our previous studies have indicated that PL can bind to 

albumin spontaneously and that the binding constant (Ka) 

value was positively related to temperature. In this study, 

albumin nanoparticles were utilized as a drug carrier to 

improve the water solubility of PL, thus PL-BSA-NPs 

were composed as a new drug delivery system to increase 

bioavailability in vivo. 
 

MATERICALS AND METHODS 
 

Materials and reagents 

PL and PL reference solution were purchased from 

Ruishan Co. Ltd. (Shanghai, China). Methylene chloride, 

anhydrous ethanol, acetone, sodium hydroxide and 

chromatographic acetonitrile were acquired from Laibo 

Co. Ltd. (Tianjin, China). Bovine serum albumin (BSA) 

was supplied from Meilun Co. Ltd. (Dalian, China) and 

carbamazepine was from Haling Shanghai Co. Ltd. 

(Shanghai, China). All other chemicals used were of 

analytical grade. 
 

Synthesis of the PL-BSA-NPs 

Firstly, 11 mg of crude PL was accurately weighed and 

dissolved in a mixing solvent of 3.5mL absolute ethanol 

and 1mL of dichloromethane. Then the organic phase was 

prepared by the method described above. Secondly, 0.45g 

of BSA was dissolved in 36mL of distilled water and 

adjusted to pH 8 using 0.1mol/L NaOH as the water phase. 

Thirdly, under high-speed shear (10000 rpm, 15 min), the 

organic phase was slowly added dropwise to the water 

phase to make an oil-in-water emulsion. Then, the 

solution was transferred to a high-pressure micro-jet 

nanodisperser (80 psi, homogenization 9 times), and 

rotary evaporated at 50°C to remove the organic solvent, 

producing an aqueous solution of PL-BSA-NPs. Finally, 

after lyophilization (addition of 2% sucrose as a 

lyophilization protective agent), at PL-BSA-NP powder 

was obtained. 

 

Fig. 1: Chemical structure of piperlongumine. 

 

Characterization  

Individual samples such as PL, BSA and PL-BSA-NPs 

were prepared to a suitable concentration using a UV-Vis 

spectrophotometer (Yonghua, China) and spectral 

scanning was performed at the wavelengths ranging from 

200 nm to 400 nm. An appropriate amount of PL, PL-

BSA-NP freeze-dried powder, BSA and the physical 

mixture of PL and BSA were placed in separate crucibles, 

and then measurements by a differential scanning 

calorimeter (DSC). In the temperature range of 20°C to 

400°C, the heating rate adopted is 10°C/min. X-ray 

diffraction (XRD) analysis was also performed on a D8 

X-ray diffractometer from 5°C to 50°C. The size and zeta 

potential of the PL-BSA-NPs were measured by Malvern 

zeta sizer (Nano-ZS, Worcestershire, UK) at 25°C. The 

morphology of PL-BSA-NPs was examined by 

transmission electron microscopy (TEM). After the 

solution was dropped on a copper grid and air-dried, it 

was observed with JEM-2100 transmission electron 

microscope (JEOL, Japan). 

 

Determination of drug loading and encapsulation yields 

The drug loading and encapsulation efficiency of the PL-

BSA-NPs were determined by HPLC (Agilent 1200 

HPLC, Worcestershire, UK). The PL-BSA-NP solution 

was centrifuge at 4°C (10000 rpm, 30 min) and the 

supernatant was removed and used to determine the free 

drug content. And the encapsulation efficiency (EE) was 

calculated as follow: 

 
An aliquot of the lyophilized PL-BSA-NPs was dissolved 

in distilled water and methanol was added to demulsify 

the solution. Then the drug loading (DL) for PL was 

calculated using the following equation: 
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Stability experiments 

The samples of lyophilized PL-BSA-NPs were stored at 

4°C. And the samples were used periodically for analysis. 

Changes in size and encapsulation yields, (if any), were 

also monitored. 

 

Evaluation of drug release from the PL-BSA-NPs 

PL-BSA-NPs (2mL) were processed using a dialysis bag, 

and then resuspended into PBS pH 7.4 at 37°C for 48 h to 

demonstrate the drug release profiles. At predetermined 

interval (0.5h, 1h, 2h, 3h, 4h, 6h, 8h, 12h, 24h, 36h and 48 

h), 1mL of each sample was removed. To maintain the 

total volume, add the same volume of isothermal buffer. 

The concentration of the released PL-BSA-NPs was 

measured with a UV/visible spectrophotometer.  

 

Hemolysis experiment of PL-BSA-NPs 

Before the pharmacokinetic study, the hemolysis 

experiment was carried out first. We got full blood from 

the Sprague-Dawley (SD) rats and collected it in an 

EDTA anticoagulant tube, 3000r/min centrifuged 15min 

to obtain blood cells. Prepared 1mL ultra-pure water, 1mL 

PBS solution and 1mL of PL-BSA-NPs with different 

concentrations (10-100μg/mL), respectively mixed with 

20μL of blood cells. After incubation at 37°C for 4h, then 

centrifuged 15min at 3000r/min. Finally, the hemolytic 

phenomenon can be observed. 

 

Pharmacokinetic study in rats 

The pharmacokinetics of PL-BSA-NPs were evaluated in 

Sprague-Dawley (SD) rats. All animal studies were 

approved by the University Ethics Committee and in 

accordance with the Principles of Laboratory Animal Care. 

SD rats (males, 250±20g) were randomly divided into two 

groups and PL-BSA-NPs and PL solutions were 

administered intravenously at a single dose of 50mg/kg 

PL through the tail vein. Bloods were collected from rats 

orbit (approximately 500µL) at 5min, 10min, 30min, 1h, 

2h, 4h, 8h and 12h. Placed the blood samples into 

heparinized tubes and then centrifuged at 4000 rpm for 10 

min (4°C). The supernatants containing the plasma 

samples were stored at -80ºC until use. 

 

In vitro cytotoxicity test 

To examine the anticancer activities of the albumin 

nanoparticles, the cytotoxicity of the PL-BSA-NPs and 

PL solutions were tested using HepG2 cells and a 

conventional MTT assay was conducted. Briefly, HepG2 

cells (5.0*103) were seeded into each well of a 96-well 

plate and then incubated for 24h to allow cell attachment. 

Then, the cells were incubated with the PL-BSA-NPs and 

PL solution (final concentrations of PL were 5, 7.5, 10, 15 

and 20µmol/L) for 24h. Thereafter, the cells were 

incubated for 24h and 100µL of MTT solution (5mg/mL) 

and 100µL of DMSO were added to the wells. The 

absorbance was then measured at 570nm with a 

multimode micro plate reader, the block cells were taken 

as control group. Then the relative cell viability (%) was 

calculated as (absorbance of the test group/absorbance of 

the control group) *100. 

 

Fig. 2(a): DSC of PL, BSA, PL&BSA and PL-BSA-NPs, 

(b) XRD of PL, BSA, PL&BSA and the PL-BSA-NPs, 

(c)UV spectrum of PL, BSA and PL-BSA-NPs, (d). TEM 

of the PL-BSA-NPs, (e) Particle size distribution of the 

PL-BSA-NPs, (f) Zeta potential of the PL-BSA-NPs. 
 

Quantification of intracellular ROS 

A fluorescent probe 2'-7'-dichlorofluorescein diacetate 

(DCFH-DA, Sigma-Aldrich, Germany) was used to 

evaluate the accumulation of intracellular reactive oxygen 

species (ROS) by flow cytometry. First, HepG2 cell line 

(5*103/mL) was seeded into 6-well plates for 24 hours, 

and cells were treated with different concentrations of PL-

BSA-NPs and PL solutions (5, 10 and 20µmol/mL) for 24 

hours. Secondly, after washing HepG2 cells with PBS, 

they were incubated with 100µL of DCFH-DA for 30 min 

at 37°C in a humidified 5% CO2 incubator. Finally, 

DCFH-DA was removed and cells were washed with PBS, 

trypsinized and resuspended in complete medium, and 

fluorescence intensity was measured at 488 nm by flow 

cytometry.  

 

STATISTICAL ANALYSIS 
 

Each experiment and measurement were performed 

independently no less than triplicates.  All data in this 

study are expressed as mean ± standard deviation (SD). 
The P value was statistically analyzed with one sample t 

test in a basic model of SPSS 19.0. A P value of <0.05 

was considered statistically significant.  
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RESULTS 
 

Characterization of DSC of PL-BSA-NPs 

To determine the state of PL in albumin nanoparticles, 

DSC was performed for PL, BSA, blank PL-BSA 

(PL&BSA) and the PL-BSA-NPs and the thermal analysis 

of DSC is exhibited in fig. 2 (a). BSA and the PL-BSA-

NPs showed smooth DSC curves in the temperature range 

of 0-400°C. The DSC graphs for PL and PL&BSA both 

had a sharp melting point peak near 128°C, which is 

consistent with the thermal behavior of PL (Vaishali et al., 

2022).  

 

Fig. 3: Stability of the PL-BSA-NPs. 
 

Characterization of XRD of PL-BSA-NPs 

The crystalline phases of PL, BSA, PL&BSA and PL-

BSA-NPs were analyzed by XRD analysis. X-ray 

diffraction is one of the commonly used qualitative 

methods, used to analyze the data derived from the 

dispersion and physical state of a drug and the polymer 

matrix. As is demonstrated in fig. 2 (b), the diffractogram 

for pure PL and PL&BSA exhibited an intense peak at 2θ 

equal to 11.1◦ and 11.25◦ owing to their high crystalline 

structure (Krunal et al., 2022). Nevertheless, When PL 

was in NPs, no obvious PL characteristic peaks can be 

examined.  

 

Characterization of UV–Vis of PL-BSA-NPs 

The synthesis of the PL-BSA-NPs was also confirmed 

using UV-Vis comparison. The UV-Vis absorption spectra 

of native PL, BSA and PL-BSA-NPs are shown in fig. 2 

(c). The wavelength range of the UV-Vis spectrum is 

between 200 and 400 nm and the absorption around 220 

nm and 328 nm represented PL with a peak wavelength of 

BSA at 278 nm; it’s the characteristic peak of protein in 

BSA (Xingjia et al., 2009).  

 

Morphological observation of PL-BSA-NPs 

The morphology of the surface of the PL-BSA-NPs was 

analyzed by TEM which clearly showed their pore sizes 

and also showed small and homogeneous particles of 

approximately 200 nm, appearing as clear single spherical 

shapes with no clumping (fig. 2 (d)).  
 

 

Fig. 4: (a) In vitro release curve for the PL-BSA-NPs, (b) 

Plasma concentration and time curve for PL and the PL-

BSA-NPs. 
 

Particle size and zeta potential of PL-BSA-NPs 
The average particle size of the PL-BSA-NPs was 210.3 

nm (fig. 2 (e)), which was consistent with the TEM data. 

This indicated the successful synthesis of nanoscale 

dispersed nanoparticles. The zeta potential analysis 

confirmed the formation of polyelectrolytes (Zeta 

potential -16.7 mV, fig. 2 (f)). The absolute value of the 

zeta potential of PL-BSA-NP was higher than 15 mV.  

 

Stability studies of PL-BSA-NPs 

The stability of a drug-carrier complex is critical for a 

drug delivery system (Jonathan et al., 2012). Therefore, 

the stability of the PL-BSA-NPs was assessed and the 

results are shown in fig. 3. PL-BSA-NPs were found to be 

stable in normal saline for 4 weeks with no aggregation of 

the particles and the particle size was always in the range 

of 210-240nm and the encapsulation efficiency were 

always higher than 80%. The encapsulation efficiency 

(EE%) and the drug loading (DL%) of PL-BSA-NPs was 

87.6% and 2.1% when the nanoparticles were freshly 

prepared. It’s similar to the stability described in the 

literature (Aodah et al., 2016). It may be because PL and 

BSA are connected by hydrogen bonds and van der Waals 

interactions (Nayara et al., 2019, Rose and Subramanian, 

1981).  
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Fig. 5: (a). Effect of PL and the PL-BSA-NPs on HepG2 

Cell viability, (b) Effects of PL and the PL-BSA-NPs on 

ROS levels in HepG2 cells (*P<0.05; **P<0.01).  

 

In vitro drug release study 

The drug release studies for the PL-BSA-NPs were 

implemented at pH 7.4 (physiological pH) and the results 

are shown in fig. 4 (a). A rush release was found in the 

first 4h followed by a controlled release of PL over a 

period of 24h. The surface adsorbed PL was released 

initially from the surface of the nanoparticles in the first 

4h, causing the release of 31.25% of total PL. The results 

revealed that almost 67.24% of the drug was released 

within the next 24h at physiological tumor pH and the 

drug was released stably from 24 to 48 hours. As shown 

in fig. 4 (a), the drug maintained a stable release after 24 h.  

 

Hemolytic experiment of PL-BSA-NPs 

In the hemolytic experiment, the ultra-pure water group 

was a positive control group, the PBS group was a 

negative control group, and the PL-BSA-NPs of each 

concentration was used as the experimental group. After 

centrifugal observation, it was found that the ultra-pure 

water group was red, indicated that the phenomenon of 

hemolysis occurred. The PBS group and the PL-BSA-NPs 

group sinking into the bottom of the pipe, the solution 

was clear and transparent, indicated that no hemolytic 

phenomenon occurred. Therefore, according to the 

hemolytic examination standards, the PL-BSA-NPS group 

did not occur hemolysis. (Shiqi et al., 2021).  

Pharmacokinetic studies in vivo 

In order to confirm whether the PL-BSA-NPs drug 

delivery system has improved bioavailability, the 

pharmacokinetics in rats were evaluated with PL as the 

control group. The plasma concentration-time profiles of 

the PL and the PL-BSA-NPs are shown in fig. 4 (b). The 

pharmacokinetic parameters are displayed in table 1. The 

pharmacokinetic parameters were obtained by using DAS 

2.0 pharmacokinetic data analysis software and the 

principle of statistical moments to analyze the blood 

concentration-time curve of the PL-BSA-NPs and PL by 

non-compartment model analysis. It can be clearly seen 

that the PL group and the PL-BSA-NPs group are 

significantly different from each other in parameters. 

Compared to rats treated with PL, rats treated with the 

PL-BSA-NPs showed higher drug concentrations at all 

time points. Consequently, the terminal elimination half-

life (T1/2) was prolonged for the PL-BSA-NPs over PL 

alone (141.34±4.37 vs 69.13±5.28 min). The T1/2 for the 

PL-BSA-NPs was over two times that of PL. The mean 

residence time (MRT0-∞) for PL was 93.94±2.41 min and 

the MRT0-∞ for the PL-BSA-NPs was 151.75±3.25. The 

MRT0-∞ for the PL-BSA-NPs was about twice as long as 

PL alone. The conclusions derived from the MRT0-∞ data 

are consistent with the conclusions for T1/2. Furthermore, 

the systemic clearance (CL) was significantly reduced for 

the PL-BSA-NPs when compared to PL (0.14±0.07 vs 

0.26±0.11 L/min/kg) and the CL of the PL-BSA-NPs was 

approximately half that of PL. In the PL group virtually, 

no drug was detected in their plasma at about 8 hours. 

However, there was still drug present in the plasma of rats 

from the PL-BSA-NPs group, and the drug stayed in vivo 

for longer. The area under curve (AUC0-∞) for PL and the 

PL-BSA-NPs were 168.79±21.42 and 372.31±18.36 

mg/mL*min, respectively. When compared to the AUC 

for the PL-BSA-NPs, the value was more than double that 

seen for PL and this higher AUC indicated a significant 

increase in vivo bioavailability. 

 

In vitro cell cytotoxicity test 
Next cell viability was determined using the MTT assay 
to characterize cell growth inhibition caused by PL and 
the PL-BSA-NPs using a human hepatocellular carcinoma 
cell line (HepG2 cell). HepG2 cells were exposed to 
different concentrations for 24h and cellular 
morphological changes were observed and this can be 
seen in the histogram from fig. 5 (a). Here, the ability of 
PL and PL-BSA-NPs to inhibit cell proliferation increased 
with increasing dose. The concentration of PL was 
proportional to proliferation inhibition in these cells. As 
the concentration of PL increased, the inhibitory effect on 
HepG2 cells became stronger. In addition, when the 
concentration of PL reached 20µmol/L, the cell survival 
rate of the PL group was 43.21% and that of the PL-BSA-
NPs group was 26.18%. The half maximal inhibitory 
concentration (IC50) of the PL-BSA-NPs was found to be 
approximately 12.62 µmol/L while that of PL alone was 
17.31 µmol/L.  
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Determination of cell ROS accumulation 

The effects of PL and PL-BSA-NPs on cellular ROS 

levels were determined by flow cytometry and a redox-

sensitive fluorescent probe DCFH-DA. It can be observed 

in fig. 5 (b) that after 24 hours of treatment with different 

concentrations of PL and PL-BSA-NPs, the increased 

level of ROS in cancer cells was proportional to the dose. 

In addition, compared with PL, PL-BSA-NPs had higher 

ROS levels due to enhanced tumor uptake (p<0.05).  

 

DISCUSSION 
 

Characterization of PL-BSA-NPs 

The characteristic peak of PL did not appear in the DSC 

analysis of the PL-BSA-NPs, but in the physical mixture 

of PL&BSA and blank PL, which indicated that PL is 

encapsulated in albumin NPs. The conclusion can be 

further verified by the characterization of UV-Vis and 

XRD. The X-ray diffraction pattern observed for PL-

BSA-NPs is corroborated. The characteristic peaks of PL 

still remain in the PL&BSA diffractogram, indicating that 

the crystal form of PL does not change after physical 

mixing. However, in the diffraction pattern of PL-BSA-

NPs, the characteristic peaks of PL disappeared, 

indicating that the crystal form of PL in PL-BSA-NPs was 

changed, and it was encapsulated in BSA in an amorphous 

or disordered state. The results of DSC, UV-Vis and XRD 

all confirmed that PL was encapsulated into the 

nanoparticles and existed in an amorphous structure. This 

indicated that the drug can be continuously released from 

the nanoparticles and its bioavailability can be improved 

(Saleh et al., 2018). The morphological observation was 

attributed to the good dispersion of the nanoparticles and 

the uniform particle size. The particle size and zeta 

potential indicating that the more stable the system was, it 

could resist aggregation after dispersion and had good 

dispersion (Ali et al., 2011). 

 

Stability studies of PL-BSA-NPs 

By the stability studies, we can conclude that no obvious 

alteration in the encapsulation efficiency or the drug 

loading was seen, indicating good stability of the PL-

BSA-NPs. It demonstrated that PL-BSA-NPs can be 

stored stably for a long time and its properties basically 

do not change. 

 

In vitro and in vivo drug release study 

The results confirmed that the PL-BSA-NPs have a 

sustained release effect. The release profile of PL-BSA-

NPs indicated its potential applicability as a drug delivery 

system, with the advantages of significantly prolonged 

release time in vivo, better sustained release effect and 

significantly increased drug release amount. The 

Pharmacokinetic results indicated that the PL-BSA-NPs 

was eliminated in vivo more slowly than PL alone and 

improved the bioavailability of drugs in vivo. 

 

In vitro cell test  

The cell viability experiment showed that the PL-BSA-

NPs were more effective at inhibiting cell growth when 

compared to PL after a 24 h incubation time, and present a 

clear concentration dependence. We preliminarily inferred 

that PL-BSA-NPs could kill liver cancer cells by inducing 

an increase in the level of intracellular ROS. PL can 

improve the level of ROS in the tumor cells and further 

induce the death of tumor cells (Lakshmi et al., 2011). 

Therefore, we infer that the changes in cytotoxicity are 

related to the fluctuations of ROS levels (Hong et al., 

2018). 

 

CONCLUSION 
 

In this study, we successfully synthesized a novel drug 

delivery system PL-BSA-NPs using Nab TM. To improve 

the water solubility and in vivo bioavailability of PL, 

albumin was selected as the drug carrier. The results 

showed that the structure of the synthesized PL-BSA-NPs 

represented a relatively uniform spherical shape, with an 

average particle size of approximately 210nm, a drug 

loading of 2.1% and an encapsulation efficiency of 87.6%. 

Within the PL-BSA-NPs, the crystalline structure of PL 

changed and existed in an amorphous state and was 

encapsulated in albumin molecules. When the PL-BSA-

NPs were stored at 4°C they remained stable at 4 weeks. 

Furthermore, the PL-BSA-NPs possessed a sustained 

release in vivo and enhanced the inhibitory effect of PL 

on tumor cell proliferation. When compared to PL, the 

PL-BSA-NPs produced a higher ROS level due to the 

enhanced tumor uptake. 

 

Thus, our preliminarily study suggests that PL can destroy 

liver cancer cells by inducing an increase in intracellular 

ROS levels. Taken together, the biocompatible of the PL-

BSA-NPs is suitable for these nanoparticles to be used as 

an antitumor drug with high potential in a variety of 

applications, including chemotherapy. 

Table 1: Pharmacokinetic parameters of PL and the PL-BSA-NPs (n=4) (Comparison between PL and the PL-BSA-

NPs, *P<0.05; **P<0.01.) 

Parameters PL PL-BSA-NPs 

T1/2 (min) 69.13±5.28 141.34±4.37** 

AUC0-t (mg/L*min) 168.63±13.46 364.82±26.14** 

 AUC0-∞ (mg/L*min) 168.79±21.42 372.31±18.36** 

CL (L/min/kg) 0.26±0.11 0.14±0.07* 

MRT0-∞ (min) 93.94±2.41 151.75±3.25** 
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