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Abstract: In order to research and enhance bioavailability of chlorogenic acid and rutin(CA-R) via the oral route, 
chitosan coated composite phospholipid liposomes (C-CPLs) were applied to study on preparation, permeability and 
pharmacokinetic of C-CA-R-CPLs. TheC-CA-R-CPLs were prepared by the method of ethanol injection. The 
entrapment efficiency (EE), average particle sizes, polymer disperse index (PDI), zeta potential, shape and in vitro drug 
release were investigated to characterize physicochemical parameters of C-CA-R-CPLs. The penetration properties from 
C-CA-R-CPLs were studied through Caco-2 cells model and the pharmacokinetics in Sprague-Dawley (SD) rats were 
evaluated by rat jugular vein intubation tube. The EE of C-CA-R-CPLs of CA and R was 91.3±2.13% and 92.6±2.44%, 
particle size of C-CA-R-CPLs was 176.7±2.3 nm, PDI was 0.207±0.014 and zeta potential of 12.61±1.33 mV. CA-R-
CPLs and C-CA-R-CPLs were spherical or elliptical sphere and the bilayer of the CPL was observed obviously under 
transmission electron. The C max, t1/2 and AUC0-12 h values of CA and R for groups of C-CA-R-CPLs were significantly 
increased.In conclusion, TheC-CA-R-CPLs as a novel nano-formulation have potential to be used to enhance the oral 
bioavailability of poorlywater-soluble drugs after oral administration. 
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INTRODUCTION 
 
Saussurea involucrata (Traditional Chinese medicine, 
Uyghur, Mongolian and Kazakhstan medicine), belongs to 
the Asteraceae family, is widely used for different 
therapeutic purposes in Xinjiang Uighur Autonomous 
Region of China (Xie et al., 2017). Based on recent 
several studies, Saussurea involucrata is rich in 
phenylpropanoid and flavonoid content and has 
therapeutic effects on diabetes, hypercholesterolemia, 
fatty liver, hypertension and so forth (Liou et al., 2017; 
Yao et al., 2012).  
 
Chlorogenic acid and rutin (CA and R, fig. 1) from the 
prepared Saussurea involucrataherba extract (SIHE), are 
two major active components and have a lot of significant 
biological activities, including anti-oxidant, anti-
inflammatory and liver damage-resistant properties 
(Byambaragchaa et al., 2014). Both CA and R are 
reported to play a significant role in hepatoprotective via 
improving liver oxidative stress resistance and inhibiting 
hepatic inflammatory (Su et al., 2014). Thus, CA in 
combination with R could have obvious synergies effects 
to treat liver injury.  
 
However, CA and R have low water solubility and poorly 
absorbed after oral administration (Chik et al., 2015). In 
addition, they are unstable in the gastro-intestinal 

environment and they were rapidly metabolized. These 
characteristics strongly influence absorption, cause low 
oral bioavailability (plasma concentration) and limit the 
effective applications and therapeutic efficacy of them. 
For these reasons, studies have been focused on means to 
improve their solubility in water and oral bioavailability.   
 
In recent years, Composite phospholipid liposome (CPL) 
is an advancednano-preparation delivery vehicle, which 
has been applied to pharmaceuticals to improve the bio-
compatibility, oral bioavailability of poorly water-soluble 
compounds, stability, cell membrane permeability and 
hepatic targetability, in addition, it has low toxicity (Vanić 
et al., 2013; Klemetsrud et al., 2016). According to 
several studies (Caddeo et al., 2017; Zhou et al., 2014; 
Tejera-Garcia et al., 2014; Wang et al., 2017), CPLs have 
smaller particle size, which can avoid reticuloendothelial 
system elimination and allow for a longer circulation 
plasma half-life. Besides, chitosan has hydrophilic, 
biocompatible, bioadhesive, biodegradable and low 
toxicity (Huang et al., 2014), which are able to resist the 
acid conditions of the stomach, interact with the 
gastrointestinal mucosa and promote the transport of 
macromolecules across epithelial tissue (Wieber et al., 
2011; Park et al., 2014; Zeng et al., 2017). Theoretically, 
it can enhance and promote the paracellular permeability 
of macromolecules and absorption of drug. 
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Up to now, neither permeability of Caco-2 cells nor in 
vivo investigations have not been reported by any studies 
on the effectiveness of CPL as a delivery system to 
enhance oral bioavailability of CA and R. Thus, for the 
first time, in this study, we have successfully prepared C-
CA-R-CPLs to enhance drug delivery and compared to 
CA-R-solution and CA-R-CPLs in terms of transepithelial 
transport and oral bioavailability. 
 
MATERIALS AND METHODS 
 
Materials, chemicals and reagents 
CA and R were obtained from Xinjiang Institute of 
Materia Medica (Xinjiang, China), purity 96%. Soybean 
Phospholipid (SPC, purity: 96%) were purchased from 
Lipoid Company (German). Lecithin Hydrogenated 
(HSPC, purity: 98%) were purchased from Shanghai 
Advanced Vehicle Technology Pharmaceutical Ltd., 
(Shanghai, China). Cholesterol were purchased from Hui 
Xing biochemical reagent Co. Ltd., (Shanghai, 
China).Chlorogenic acid (purity: 98%) and Rutin (purity: 
98%) were purchased from National institutes for food 
and drug control (China). Sephadex G-50 were purchased 
from Beijing Pharmacia Company (China). Minimum 
essential medium (MEM) and fetal bovine serum (FBS) 
were purchased from Thermo Fisher Scientific (Beijing, 
China).Other chemicals and reagents used were 
chromatographic or analytical grade. 
 
Cells 
The human colon cancer epithelial (Caco-2) cells were 
purchased from Cell Resource Center of Peking Union 
Medical College (Beijing, China). 
 
Animals 
Male SD rats weighing 200-240 g were obtained from 
Animal Center of Xin Jiang Medical University (XinJiang, 
China). The animals were bred and housed under 
conventional experimental animal facilities with free 
access to food and water. The animals were housed in a 
temperature and humidity controlled room (26 , 52 %air 
humidity) with free access to water for 1 week, before the 
experiment. In addition, the protocol was approved by the 
Committee on the Ethics of Animal Experiments of 
Laboratory Center of Xinjiang Medical University 
(Permit Numbers: SYXK2011-0004; Urumqi, China). 
 
Preparation of C-CA-R-CPLs 
CA-R-CPLs were prepared through the method of ethanol 
injection as previously described (Zeng et al., 2017). 
Briefly, CA, R, SPC, HSPC and Cholesterol were 
dissolved with the ethanol solution. The mixture was 
completely homogenized through using the ultrasound, 
then injected into the Phosphate Buffered Saline (PBS, pH 
= 7.4 and 37oC) and stirred for 45 min via magnetic stirrer 
and reclaimed. The mixture was sonicate for 5 min by 
probe sonication for 1 min cycles (1 s working and 2 s 

rest) at 400W (Ningbo Xinzhi Bio-tech Co. Ltd., China). 
Finally, the resulting CA-R-CPLs suspension was 
extruded via sterile Millipore Express (PES, Millipore, 
USA) with 0.22 µm pore size.  

 
Fig. 1: Chemical structures of A: rutin and B: chlorogenic 
acid. 

 
Fig. 2: HPLC chromatograms A. controls; B. CA-R-
solution; C. C-CA-R-CPLs; D. negative controls (C-CPLs 
of blank)(1. chlorogenic acid; 2. Rutin). 

 
Fig. 3: Jugular blood collection in a rat jugular vein 
cathetherization model (conscious). 
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The chitosan solution was dissolved in 1% acetic acid 
solution, under continuous magnetic stirring at room 
temperature for 30 min. The CA-R-CPLs were added to 
chitosan solution in 1:5 ratios under magnetic stirring for 
1 h. The C-CA-R-CPLs were stored in the refrigerator 
(4oC) overnight before further use. 

 
Fig. 4: The particle size and Zeta potential; of different C-
CA-R-CPLs. 

 
Fig. 5: Particle size values measurements for C-CA-R-
CPLs. 

 
Fig. 6: TEM images of morphology of A (CA-R-CPLs) 
and B (C-CA-R-CPLs). 
 
Size measurements 
The average size and polymey disperse index (PDI) of the 
CA-R-CPLs and C-CA-R-CPLs were measured via 
zetasizer (Zetasizer S90, Malvern Instruments, Malvern, 
UK). Measurements were performed at a scattering angle 
of 90°and a temperature of 25oC. Prior to their 
measurements, all of the CA-R-CPLs and C-CA-R-CPLs 
were previously filtered through 0.22 µm filters to achieve 
a count rate between 100 and 300 Kcps. 
 
Zeta potential measurements 
The zeta potential measurements were performed on a 

Zetasizer (Zetasizer S90, Malvern Instruments, Malvern, 
UK) with the optical modulator operating at 1000 Hz 
using a dip cell (ZEN1002). To ensure valid 
measurements, the instrument was calibrated through 
measurements of the Malvern Zeta Potential Transfer 
Standard (-50±5 mV). All of the zeta potential 
measurements were performed at 25oC. 

 
Fig. 7: Integrity of Caco-2 cell monoayers. (A) 
Morphology of Caco-2 cell monolayers (×10); (B) 
Morphology of Caco-2 cell monolayers (×20); (C) 
Morphology of Caco-2 cell monolayers (×40). 

 
Fig. 8: Cytotoxicity of blank CPLs and blank C-CPLs. 

 
Fig. 9: Permeability values of A (CA-R-solution), B (CA-
R-CPLs) and C (C-CA-R-CPLs) (Compared with CA-R-
solution, *P<0.05, **P<0.01). 
 
Chromatographic system 
The High Performance Liquid Chromatography (HPLC) 
method with DAD detector was developed for the 
determination of CA and R. The HPLC system consisted 
of an SCL-10Avp system controller, an LC-10Avp pump, 
a DGU-14A degasser and a CTO-10Avp column oven 
(Shimadzu, Kyoto, Japan).A chromatographic C18 
column- SPD-10Avp (4.6mm × 250mm,5µm,) was used 
as analytical column. A binary mobile phase, consisting of 
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0.4% phosphoric acid (solvent A) and acetonitrile (solvent 
B), was used at a flow rate of 1.0mL min-1 and with an 
injection volume of 10µL. The gradient elution of the 
mobile phase was 12% B in 0-15 min, 12-15% B in 16-35 
min, 15-12% B in 35-40 min. The column temperature 
was kept at 35 . The detection wavelength was set at 353 
nm. The 10µl of the controls, CA-R-solution, C-CA-R-
CPLs and blank C-CPLs were injected respectively. As 
shown in fig. 2, no interferences were found.  

 
Fig. 10: Mean ± SD plasma concentration-time profile of 
CA and R after oral administration of CA-R-solution, CA-
R-CPLs and C-CA-R-CPLs at 20 mg/kg dose to rats. 
 
Entrapment efficiency (EE) 
EE was determined via gel-filtration method with 
SephadexG-50 column. In brief, SephadexG-50 solution 
(10 %, w/v) was prepared in water and was kept aside for 
48 h. Cotton was inserted in column (length: 27 cm, inner 
diameter: 1 cm) and then swollen SephadexG-50 was 
added carefully to avoid air entrapment in the column. 
SephadexG-50 was balanced by PBS (pH=7.4).CA-R-
CPLs and C-CA-R-CPLs (3 mL) were slowly added into 
prepared column, flow rate of elution was set at 1 mL/min 
and volume of elution was 10 times the prepared column 
volume.  
EE (%) = Min/M total× 100% (Zeng et al., 2017) 
Where Min is the drug amount entrapped, M total is the 
total drug amount used in the preparation.  
 
Transmission electron microscopy (TEM) 
The morphologies of CA-R-CPLs and C-CA-R-
CPLswere observed using a TEM (H-600, Hitachi, Japan). 
After dilution with distilled water, the samples were 
negatively stained with 2% (w/v) phosphotungstic acid 
for observation. 
 
CA-R-CPLs and C-CA-R-CPLsstability study 
CA-R-CPLs and C-CA-R-CPLs(approximately 50 mL) 
were stored in plastic centrifuge tube (50 mL) at 4℃ in 
the dark for 6 months. The mean particle size, PDI and EE 
of CA-R-CPLs and C-CA-R-CPLs were determined at 
before and after 6 months. 
 

Cell cultures 
The Caco-2 cells were maintained in 75 cm2 flasks to 
which 12 mL of Minimum essential medium (MEM), 
supplemented with 10% (v/v) fetal bovine serum, 1% (v/v) 
non-essential amino acids,1% L-glutamine (v/v). The 
cells were incubated at 37oC in an atmosphere with 95% 
relative humidity and a CO2 flow of 5%. The medium was 
changed every 3 days. When the cell monolayer reached 
80% confluence, the cells were detached with a solution 
of trypsin (0.25 g/L) and EDTA (ethylene diamine 
tetraacetic acid,0.22 g/L), and reseeded at a density of 1-
1.5 × 104 cells/cm2 (The assays were performed with 
cultures between passages 22 and 30).  
 
The transport assays were carried out in 12-well plates 
with polyester membrane inserts (12 mm diameter, pore 
size 0.4 µm, Tran swell, Costar Corporation, Beijing, 
China). In this system the cells are seeded onto the porous 
membrane of the insert that separates the well into two 
compartment: Apical (upper) and basolateral (lower). 
Cells were seeded (8×104 cells/cm2) onto the inserts, with 
the addition of 0.5 mL of MEM to the apical chamber and 
1.5 mL of MEM to the basolateral chamber. The cells 
were incubated at 37oC, with 5% CO2 and 95% relative 
humidity, with a change of medium every 2 days until cell 
differentiation was reached (16-18 days post-seeding). To 
evaluate the evolution of the monolayers during cell 
differentiation in the two-compartment system, the 
transepithelial electrical resistance (TEER) was measured 
using a Millicell-ERS voltohmmeter. The cell monolayer 
was considered completely formed when the resistance 
reached in the range of 400-600 ohm·cm2, cell monolayer 
was used for transport studies (Fu et al., 2015). Wells with 
TEER value of >533 ohm·cm2. 
 
Permeability studies 
The permeation studies of CA-R-solution, CA-R-CPLs 
and C-CA-R-CPLswere carried out with Caco-2 cells. 
Culture medium was replaced from each well by Hank’s 
Balanced Salt Solutions (HBSS) in the apical and 
basolateral side of the well and cell monolayers were 
subsequently equilibrated for 30 min at 37oC. CA-R-
solution, CA-R-CPLs and C-CA-R-CPLswere added into 
the apical side of the monolayer. The wells were then 
placed on a shaker at 60 rpm and 37oC for 4 h.  
 
Apparent permeability co-efficient (cm/s) was calculated 
by the following equation: 
Papp = (dC/dt)/(AC0) 
Where, dC/dt = rate of drug permeation (µg/s), A = 
Surface area of the insert (cell monolayer) (1.12 cm2), C0 
= Initial concentration of drug in the apical side (µg/mL). 
Data reported were arithmetic mean values ± standard 
deviation (mean ± SD). The statistical significance of the 
differences was performed using an analysis of variance 
(ANOVA) test and a p value <0.05 or 0.01 was considered 
significant. 
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Evaluation of cytotoxicity 
The Caco-2 cells used for the Cell Counting Kit-8 (CCK-
8) assay were seeded at a density of 2 ×104 cells/well in 
96-well cell culture plates and were pre-incubated for 24 
h before sample treatment. Next, the cells were treated 
with CA-R-CPLs and C-CA-R-CPL sat various lipid 
concentrations from 1 to 600µg/mL in serum-free medium 
(pH 7.4) for 24 h. The samples were removed, the cells 
were incubated with 100µl of 10% (v/v) CCK-8 and 90% 
(v/v) MEM for 3 h. The relative cell viability (%) was 
calculated based on absorbance at 450 nm using a 
microplate reader. The viabilities of the non-treated 
control cells were arbitrarily defined as 100%.Relative 
cell viability (%) was calculated by the following 
equation: 
 
Relative cell viability (%) = (OD450, sample - OD450,blank) / 
(OD450,control– OD450,blank) × 100% 
where OD is the optical density at an absorbance of 450 
nm. 
 
Oral pharmacokinetics of CA-R-solution, CA-R-CPLs 
and C-CA-R-CPLs 
18 male SD rats (220±20g) randomly and equally divided 
into 3 groups. Before the oral administration, all rats were 
fasted for 12 h, but allowed free access to water. One 
group of rats was given 20 mg/kg dose of CA-R-solition 
(2 mg/mL CA and 2mg/mL R, suspended in 0.5% (w/v) 
CMC-Na aqueous solution) and the others given the same 
dose of CA-R-CPLs and C-CA-R-CPLs (2mg/mL CA and 
2 mg/mL R). The blood samples were collected from the 
jugular vein at specified intervals (0.01, 5, 15, 30, 45 
min,1,2, 3, 4,6,8, 10 and 12 h after oral administration) 
(fig. 3). Then the heparinized blood was immediately 
centrifuged at 3000 rpm for 10 min and treated as 
described in the “plasma sample preparation” section for 
further assay. 

 

STATISTICAL ANALYSIS 
 
All the experimental data were expressed as the mean ± 
standard error, and a value of P<0.05 was considered 
statistically significant. Date analyses were performed by 
using a two-compartmental pharmacokinetic model with 
the Kinetica 4.4.1 PK/PD analysis (Thermo Electron 
Corporation, USA). All statistical analyses were analyzed 
using t-test (paired), and the pharmacokinetic parameter 
drugs in plasma were achieved.  
 
RESULTS 
 
C-CA-R-CPLs were prepared by the method of ethanol 
injection and characterized in terms of particle size, 
encapsulation efficiency and zeta potential. As shown in 
fig. 4, chitosan solution was used at different 
concentrations to find the optimum coating level. Zeta 
potential values did not change whereas, particle size of 
the formulations were increased as chitosan concentration 
increase.  
 
Drug loading studies at different chitosan concentrations 
gave the highest encapsulation efficiency at 0.5% of 
chitosan concentration (table 1). Therefore, 0.5% of 
chitosan concentration was selected for coating and this 
final formulation (C-CA-R-CPLs) has a suitable and 
excellent particle size and PDI (fig. 5), which was used 
throughout the present study. Since, CA and R bear 
negative charge whereas chitosan has positive charge, 
they possess stronger interaction each other (Ciobanu et 
al., 2014). There fore, C-CA-R-CPLs may had higher EE 
compare to uncoated CA-R-CPLs. 
 
As shown in fig. 6, the morphological investigation using 
TEM revealed nano-formulation sized and spherical 

Table 1: Particle size, encapsulation efficiency and zeta potential measurements of CA-R-CPLs and C-CA-R-CPLs 
(n=6, mean ± SD) 
 

Formulation EE a (%) EE b (%) Particle size (nm) Zeta potential (mV) 
“1 82.33±4.28 85.71±3.51 116.7±3.7 -21.8±1.25 
“2 91.3±2.13 92.6±2.44 176.7±2.3 12.61±1.33 

1:CA-R-CPLs; 2: C-CA-R-CPLs;a: chlorogenic acid; b: rutin 
 
Table 2: Pharmacokinetic parameters of oral administration of free and formulated drugs in vivo 
 

Parameter SIHE-solution SIHECPL c-SIHECPL 
C max (ug/mL) 0.95 ± 0.35 7.35 ±2.12 13.82 ±1.24** 
T max (min) 15.68±0.77 25.09±2.52 31.01 ±2.52* 
t 1/2 (min) 9.19± 0.28 12.89± 1.51 14.81 ± 1.38* 
MRT (0-∞) (min) 18.81± 0.62 27.34± 1.38 43.17 ±2.12* 
AUC0-24 h (min ug/mL) 41.13±7.54 328.98±22.29 609.98 ±22.29** 
CL (mL/min·kg) 4663.05±5.64 607.94± 2.23 327.88 ± 1.65** 

Values are expressed as mean ± SD (n= 6) 
* p< 0.05, compared with TFDM-solution 
** p< 0.01, compared with TFDM-solution 
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shaped CPL. According to TEM micrographs, C-CA-R-
CPLs ranged in size from 100 to 180 nm correlating well 
with measurement obtained.  
 
The average particle size, PDI of CPLs and the EE of CA-
R-CPLs and C-CA-R-CPLs were examined after 6 
months of storage at 4oC. An increase of size of CA-R-
CPLs from 116.7±3.7 nm to 139.3±2.6 nm and PDI from 
0.187±0.033 to 0.227±0.026 and size of C-CA-R-CPLs 
from 176.7±2.3nm to 181.5±1.9 nm and PDI from 
0.207±0.014 to 0.215±0.018 were observed. However, the 
EE of CA-R-CPLs and C-CA-R-CPLs determined after 6 
months of storage at 4oC were virtually in accordance 
with those obtained before 6 months suggesting that CA-
R-CPLs and C-CA-R-CPLs retain the CA and R 
constituent during the storage. 
 
The integrity of Caco-2 cell monolayers is shown in fig. 7. 
With observations under the light microscope, Caco-2 
showed a good monolayer formed by 15 day (figs. 7A, B 
and C). After 5 days of culture, the TEER values of Caco-
2 cells increased gradually until reaching maximum (533/ 
cm2) on 18 day, and these cells did not show any increase 
of TEER values with time. 
 
The cell viability was calculated as percent of control 
cells. As shown in fig. 8, CA-R-CPLs and C-CA-R-CPLs 
showed little or no reduction in cell viability over a wide 
concentration range from 1 to 600 µg/mL. The cell 
viability was approximately 100% even at a high 
concentration (600µg/mL) of CA-R-CPLs and C-CA-R-
CPLs. 
 
The in vitro transport studies in Caco-2 models revealed 
that the Papp ofCA-R-CPLs and C-CA-R-CPLs were 
significantly higher (P<0.05) than Papp ofCA-R-solution. 
As shown in fig. 9, nearly 4-fold and 10-fold increase on 
permeabilityresults of CA and R were obtained from CA-
R-CPLs and C-CA-R-CPLs when compared with CA-R-
solution. 
 
As shown in fig. 10, the plasma concentration of CA-R-
solution increased with time over the 15 min and decrease 
slowly up to 12 h and the plasma concentration of CA-R-
CPLs and C-CA-R-CPLs increased with time over the 30 
min and decrease slowly up to 12 h. Meanwhile, in table 2, 
the relevant pharmacokinetic parameters of CA-R-
solution, CA-R-CPLs and C-CA-R-CPLs were listed. The 
Cmax, AUC0-12hand CL of CA-R-solution, CA-R-CPLs and 
C-CA-R-CPLs showed a highly obvious difference 
(P<0.05). The C-CA-R-CPLs of Tmax and t1/2 extended 
to31.01±2.52 min and 14.81±1.38 min (P<0.05), 
respectively. The Cmax in CA-R-solution was 0.95±0.35 
µg/mL, which was different from that in the CA-R-CPLs 
of 7.35±2.12 µg/mL and C-CA-R-CPLs of 13.82±1.24 
µg/mL (P<0.01). The relative oral bioavailability of the 
encapsulated CA and R were 799.85 % (CA-R-CPLs) and 

1454.74 % (C-CA-R-CPLs) as compared with the CA-R-
solution, which was obviously enhanced (P<0.01). 
 
DISCUSSION 
 
In recent years, Caco-2 cell model has been universally 
applied to assess absorption of drug molecules and 
transmembrane transport of different liposomes through 
the intestinal mucosa. But it cannot response the complete 
physiology of the intestine, which resulting in 
inappropriate in vitro/in vivo correlations. In recent years, 
an novel intestinal in vitro triple culture permeability 
model including HT29-MTX cells, M cells and Parallel 
artifical membrane permeability assay (PAMPA) was 
developed (Hermidaet al., 2011). It was found that mucus 
strongly impacts mobility of nanoformulations and that 
specialized M cells are involved in particulate uptake 
(Maet al., 2013). Nanoformulations uptake mainly depend 
on size and which was strongly impacted by the mucus 
layer. In addition, nanoformulations were able to 
penetrate the intestinal barrier mainly via specialized M 
cells (Singhet al., 2014). And compared to single Caco-2 
cell monolayers, the higher uptake amounts are attributed 
to the presence of M cells, which are barely covered with 
mucus and play a significant role in nanoformulations 
entry of the intestinal epithelium (Zhang et al., 2015). 
 
Currently, C-CPLs have been commonly used for oral 
drug delivery to improve the oral bioavailability of some 
drugs that are not easily absorbed. Because of the 
amphiphilic nature of CPLs, these vesicular carriers, 
which are composed of SPC and HSPC, are able to carry 
hydrophilic or hydrophobic drug molecules. Just like the 
fig. 10 shown, a pharmacokinetically well defined plasma 
concentration profile was observed. One of the major 
causes for enhancing oral bioavailability might be that C-
CPLs could protect drugs from degrading or adsorbing in 
the stomach after oral administration (Lila et al., 2009). In 
addition, the majority of drugs stays inside of carriers of 
CPLs and thus drugs itself may not have a chance to 
contact esophagus and get higher oral bioavailability 
(Liuet al., 2015; Zheng et al., 2014). Meanwhile, CPLs 
were composed of the different phospholipid bilayers 
(SPC and HSPC), resulting in improving the membrane 
permeability and cellular absorption. Also, biocompatible 
stuffs have been used for surface layers of CPLs to extend 
the residence time in intestine (Zhu et al., 2015; 
Kheirolomoom et al., 2013). And the CPLs with 
cholesterol would also enhance stability of CPLs in vivo 
(Li et al., 2015). Because of the drug had to pass through 
the phospholipid bilayer, which made the drug release 
slowly and CPLs were extended residence time in 
intestine might conduce to improve the drug absorption 
(Zeng et al., 2016). In addition, chitosan incorporate CA-
R-CPLs made it more difficult to release the drug. 
Thereby the chitosan increased the prolonged time of CA 
and R in vivo (Shi et al., 2015). 
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Overall, according to our research about the oral 
administration, the relative oral bioavailability of C-CA-
R-CPLs had an outstanding improvement in comparison 
with the CA-R-solution, with almost 14-fold increase in 
relative oral bioavailability. Therefore, the extended 
circulation time and higher AUC of C-CA-R-CPLs will 
contribute to better therapeutic efficacy on liver disease. 
 
CONCLUSION 
 
CA and R are compounds of poorly soluble and low oral 
bioavailability were successfully prepared of C-CA-R-
CPLs by the method of ethanol injection. According to the 
physicochemical properties, which with high EE, small 
average particle size, well suited PDI. The final 
formulation was able to potentially increase uptake of CA 
and R through in-vitro transport studies (Caco-2 models). 
And according to the Pharmacokinetics studies, C-CA-R-
CPLs could be effective to enhance bioavailability of CA 
and R after oral administration in vivo. The result has 
indicated that the Caco-2 permeability and in vivo 
pharmacokinetics results have a certain correlation and 
similar variation trends to the oral absorption of C-CA-R-
CPLs, but have a certain degree of deviation in values. In 
addition, the CA-R-CPLs and C-CA-R-CPLs were also 
stable after 6 months of storage at 4 . Therefore, the 
novel  nano-formulation (c-CPLs) could be a promising 
oral drug deliver carrier for low water solubility and 
poorly absorbed drugs to enhance oral bioavailability of 
CA and R. 
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