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Abstract:    Docetaxel (DTX), as a member of taxoid family, has been widely used in the treatment of cancers. The 
present study prepared pH-sensitive DTX-loaded liposomes (DTX-Lips) by thin-film dispersion method and various 
physico-chemical and morphological properties were examined. The pH sensitivity of in vitro DTX release and the in vivo 
pharmacokinetics and tissue distribution using Kunming mice were also investigated. The mean particle size and zeta 
potential of DTX liposomes were (277±2) nm and (−32.60±0.26) mV, respectively. Additionally, in vitro drug release study 
showed that the cumulative release rate was 1.3 times more at pH 5.0 than at pH 7.4, suggesting a pH-dependent release 
ability of DTX-Lips. Pharmacokinetic and pharmaceutical studies in comparison with Duopafei® showed that the half-time 
period (t1/2) and area under the curve (AUC) of DTX-Lips in mouse plasma were 1.8 times longer and 2.6 times higher, 
respectively, and that DTX-Lips selectively accumulated in macrophage-rich organs such as liver and spleen. These 
results together suggest that the DTX-Lips could be a promising formulation for the clinical administration of DTX. 
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1  Introduction 
 
Docetaxel (DTX), belonging to the taxanes, is a 

semi-synthesized anticancer drug, representing a new 
class of cytotoxin, with a novel mechanism of action 
(Gelmon, 1994; Hait et al., 2007). DTX exerts lethal 
effects on dividing cancer cells by various mecha-
nisms, all of which result in failure of the cell to di-
vide or subsequently to grow and develop (Hanauske 
et al., 1994; Friedenberg et al., 2003; Herbst and 
Khuri, 2003; Vassilomanolakis et al., 2005). Thus, 
DTX plays an important role in the treatment of solid 
tumors and has been applied in clinical trials against 

ovarian carcinoma, breast, lung and head/neck can-
cers (Bissery, 1995; Posner and Lefebvre, 2003; Yang 
et al., 2011). It has been reported that DTX is more 
effective and safer than paclitaxel (Grant et al., 2003). 
Unfortunately, despite these advantages, clinical use 
of DTX is still limited due to its low water solubility 
and serious adverse effects, including neutropenia, 
peripheral neuropathy and hypersensitivity reactions 
(Engels et al., 2005; Izquierdo et al., 2006; Baker et 
al., 2009). It has been reported that the toxicity is 
closely related to formulation (Rowinsky, 1997; 
Immordino et al., 2003). As a result, current investi-
gations are mainly focused on developing new drug 
delivery systems and using nanotechnological mate-
rials, such as liposomes, vesicles, polymeric micelles, 
and nanospheres (Parveen et al., 2012). Among these 
various drug carrier systems, liposomes are one of the 
most promising nanomedicines, with several Food 
and Drug Administration (FDA)-approved formula-
tions for cancer treatments (Lian and Ho, 2001; 
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Torchilin, 2005; Muthu and Singh, 2009). Liposomes 
are promising because of their merits in improving 
drug solubility as well as its considerable potential for 
encapsulation of both lipophilic and hydrophilic 
drugs. Therefore, reformulating DTX by liposome 
will help us to make a better use of the drug in clinical 
trails. 

Resently, high polymer modified strategy was 
developed to improve targeting ability (Tosi et al., 
2010; Zhang et al., 2012). However, in vivo degra-
dation of artificially synthesized polymers is not well 
studied and the safety of the carriers limits their 
clinical use. Phosphatidylethanolamine (PE) is a 
natural phospholipid and can change from double 
phase to hexagonal phase. Interestingly the phase 
transition of PE is triggered by the alteration of pH, 
and the value of enthalpy change is small during the 
transition (Kale and Torchilin, 2010). Moreover, it 
has been reported that the microenvironment of cer-
tain tumors is slightly acidic compared to healthy 
tissues, which enables the drug release selectively 
from pH-sensitive liposomes and reduces side effects 
(Torchilin et al., 1993; Zignani et al., 2000; Maurer et 
al., 2001; Hiraka et al., 2008; Yuba et al., 2010). 
Therefore, designing a novel liposome based on PE 
and other natural materials, such as oleic acid (OA), 
could be a promising way to guarantee the safety of 
carries and enhance the delivery efficiency of bioac-
tive drugs into cells (Ducat et al., 2010; Li et al., 2010; 
Sánchez et al., 2011).  

In this paper, a novel pH-sensitive DTX-Lips 
based on PE and OA were prepared by thin-film de-
pression technique. Furthermore, the pharmacoki-
netics and tissue distribution of DTX-loaded lipo-
somes (DTX-Lips) and Duopafei®, a commercially 
available DTX formulation containing a high con-
centration of nonionic surfactant tween 80, in mouse 
plasma and tissue samples after a single intravenous 
(i.v.) administrtion were studied. This study provides 
important evidence for the further evaluation and 
clinical development of pH-sensitive liposome en-
capsulated DTX formulation. 

 
 
2  Materials and methods 

2.1  Materials 

DTX (bulk drug) and Duopafei® (batch 

1070172TA) were purchased from Qilu Pharmaceu-
tical Co., Ltd. (Jinan, China). DTX (batch 10100666- 
201002, purity ≥98.0%) and paclitaxel (batch 
100382-200301, purity ≥98.0%) were obtained from 
the National Institutes for Food and Drug Control. PE 
was purchased from AMRESCO (Solon, OH, USA). 
Cholesterol (CHOL), OA, and methanol (batch 
S93191) were purchased from Sigma-Aldrich (St. 
Louis, MO, USA). Acetonitrile (batch 1105290) was 
from TEDIA (Fairfield, OH, USA). Ultrapure water 
was prepared by Milli-Q purification system (Milli-
pore Corp., Bedford, MA, USA). 

2.2  HPLC operating conditions 

Agilent 1260 serious system (Agilent Tech-
nologies, Santa Clara, CA, USA) consisting of pump, 
degrasser, autosampler, diode array detector, and 
temperature controller was used for high performance 
liquid chromatography (HPLC) analyses. The auto-
sampler was used to inject 20 µl aliquots of the 
processed samples on a Zorbax-SB C18 column 
((4.6×150) mm, 5 µm, Agilent Technologies). The 
mobile phase was acetonitrile-water (55:45, v/v). The 
flow rate was 1 ml/min and the ultraviolet (UV) ab-
sorbance of the sample was measured at the wave-
length 229 nm. Data collection and processing were 
performed on Agilent 1260 Chemistation. 

2.3  Preparation of DTX-Lips 

Both thin-film dispersion method and diethyl 
ether injection method were investigated using en-
trapment efficiency (EE) as the assessment index to 
select the best preparing process. The EE was calcu-
lated from the ratio of the drug amount contained in 
the liposome to the total charged drug amount. The 
formation of EE is shown as follows: 

 
Weight of drug in liposome

EE 100%
Weight of feeding drug

= ×  

 
The thin-film was formed by dissolving 

PE/CHOL/OA/DTX (3:2:3:1, w/w) in chloroform 
and the solvent was removed by vacuum at 30 °C. The 
desired film was then hydrated in phosphate buffered 
saline (PBS). In diethyl ether injecting method, the 
mixture consisting of PE/CHOL/OA/DTX (3:2:3:1, 
w/w) dissolved in diethyl ether was injected into PBS 
dropwise. 
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DTX encapsulated in liposomes was quantified 
by pretreatment using methanol, sonication, and fil-
tration followed by HPLC analysis. Briefly, the sus-
pension of DTX-Lips was filtered by a Millipore filter, 
and then methanol was added to break the emulsion. 
Subsequently, the suspension was sonicated and cen-
trifuged for 5 min at 12 000 r/min. The supernatant 
was subjected to HPLC analysis as described above.  
Single-factor analysis and orthogonal design were 
carried out to optimize the prescription.  

2.4  Characterization of DTX-Lips 

The morphology of DTX-Lips was examined by 
transmission electron microscope (TEM) (JEM- 
1200EX, JEOL, Tokyo, Japan). The average particle 
size and particle size distribution were measured by 
the light dynamic scattering (DLS) method using 
Delsa™ Nano Submicron Particle Size Analyzer 
(A53878, Beckman Coulter Inc., Indianapolis, IN, 
USA). The Zeta potential was measured by the laser 
doppler anemometry (LDA) on zeta Plus Zeta  
Potential Analyzer (Brookheaven Instruments  
Corporation).  

2.5  In vitro release of DTX-Lips 

The drug release from the liposome was evalu-
ated by a dialysis bag method using buffers with 
various pH values (pH 7.4, 5.0, 4.0, and 3.4). The 
dialysis bags, with loaded free DTX or liposomes 
containing DTX, were immersed in buffers (pH 7.4, 
5.0, 4.0, and 3.4) containing 0.5% Tween 80 (disso-
lution medium) and were stirred (50 r/min) at 37 °C. 
At different time intervals up to 72 h, the sample was 
taken out and the fresh PBS was replaced corre-
spondingly. The drug content in the sample was 
analyzed by HPLC. 

2.6  Pharmacokinetics and tissue distribution  

2.6.1  Plasma and tissue samples preparation 

A volume of 100 µl of plasma or tissue samples 
and 250 μl methanol were added to a centrifuge tube. 
To each tube, 50 µl of paclitaxel solution was added. 
The mixture was vortex-mixed for 3 min and centri-
fuged at 13 000 r/min for 10 min. The supernatant was 
used for analysis. 

2.6.2  Pharmaceutical and tissue distribution study 

Kunming mice were randomly divided into three  

groups (40 mice per group). Group 1 was treated with 
DTX-Lips. The dosage was 16 mg/kg via the tail vein, 
while Group 2 was given the same dosage of Du-
opafei®. Group 3 was donated to the blank blood and 
tissue sample. Blood samples (1 ml) were obtained 
from removing the eyeball of the mice and were 
added into heparinized centrifuge tubes just before 
dosing (0 h) and after 0.083, 0.25, 0.5, 1, 2, 4, 6, and 
8 h, the samples were then centrifuged at 4 000 r/min 
for 10 min to separate the plasma. At the same time, 
various tissues (the heart, liver, spleen, lung, and 
kidney) were rapidly removed, washed with 0.9% 
(9 g/L) saline solution, then wiped with filter paper, 
weighed and homogenized with 0.9% saline (1 ml per 
tissue, the lung was cut and weighted for about 0.2 g). 
All blood samples and tissue homogenates were 
stored at the −20 °C before testing. Animal experi-
ments were approved by the Shandong University 
animal ethical experimentation committee. 

2.6.3  Pharmacokinetic analysis and statistics 

Pharmacokinetic parameters of DTX in mice 
plasma and tissue were calculated by a statistical mo-
ment algorithm—Drug and Statistics by DAS program. 
Further pharmacokinetics analysis was performed to 
calculate the area under the curve (AUC), the elimina-
tion half-lives (t1/2), apparent volume of distribution 
(V), and the clearance rate (CL). 

 
 

3  Results and discussion 

3.1  HPLC analysis of DTX 

A typical chromatograph of DTX is shown in  
Fig. 1. The accuracy and precision of the method is 
described in Table 1. Drug recoveries of 40, 50,  
 

 
 
 
 
 
 
 
 

 
 
 Fig. 1  Typical chromatograph of DTX 
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and 60 mg were 104.6%, 99.5%, and 93.0%, respec-
tively (data not shown). These suggest that the 
method is reliable to determine DTX in the samples 
obtained by in vitro experiments. 

3.2  Preparation of DTX-Lips 

Average EE values of DTX in DTX-Lips pre-
pared by thin-film dispersion method was higher 
(36.4%) than that by diethyl ether injecting method 
(28.7%) (data not shown). Moreover, chloroform, 
which was used in thin-film dispersion method to 
increase the dissolving ability of drugs, can be re-
moved under vacuum. Based on these two aspects, the 
thin-film dispersion method was chosen for the 
preparation of DTX-Lips.  

To optimize the prescription, DTX-Lips were 
prepared by various conditions and the EE values 
obtained were statistically analyzed. The scheme and 
results of the orthogonal design are shown in Tables 2 
and 3. The important factors that have impact on EE, 
obtained from single-factor research, are the time of 
hydration mixing (A), the temperature of hydration 
mixing (B), the ratio of PE to CHOL (C), and the ratio 
of PE to OA (D). R represents range, the greater the R 
value indicates the deeper influence of a factor. K 
represents the mean value of different levels; the 
higher of the mean refers to the higher encapsulation. 
Thus, the sequence of factors is: B>C>A>D, and the 
sequence of levels is: A3>A2>A1, B1>B3>B2, 
C2>C1>C3, D3>D2>D1. The best prescription is 
B1C2A3D3, which is PE/CHOL/OA (6:2:3, w/w). The 
fixed amount of DTX of 10 mg was used in all studies, 
and the temperature is 60 °C, the time for hydration is 
0.5 h. Three different batches of DTX-Lips were 
prepared using the best prescription and the average 
EE is (82.3±4.24)% (data not shown). Compared with 
previous EE ((88±11)% and (90±0.36)%, respectively) 
(Immordino et al., 2003; Zhao et al., 2009), the pre-
sent EE is good, suggesting the formulation and 
preparation process is practical. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Negatively charged lipids such as OA distributed 

among PE molecules provide electrostatic repulsions 
which decrease PE intermolecular interactions, thus 
preventing interbilayer interactions under physio-
logical conditions (Connor and Huang, 1985; 
Straubinger et al., 1985; Chu et al., 1990). The pro-
tonation of OA in the acidic endosomal compartment 
neutralizes their negative charges, and the vesicles 
become destabilized as the PE component reverts to 
hexagonal II (HII) phase. Additionally, OA from 
pH-sensitive liposomes will be redistributed between 
liposome and endosome membranes during the 
process of liposome capture by the cell. The loss of 

Table 1  Accuracy and precision of HPLC analysis method  

Mean±SD Accuracy (%) RSD (%) Added concentration 
(µg/ml) Intra-day Inter-day Intra-day Inter-day Intra-day Inter-day 

5 4.09±0.0108 5.22±0.0312  97.6 100 1.70 6.48 

30 30.4±0.451 32.3±0.0507 101.0 108 3.16 2.35 

50 49.9±0.453 50.5±1.82  99.8 101 1.48 6.12 
   n=5, SD: standard deviation; RSD: relative standard deviation 

Table 2  Levels of experimental factors 

Factor 
Level 

Aa (°C) Bb (h) Cc Dd 

1 40 0.5 6:1 6:1 

2 50 1 6:2 6:2 

3 60 2 6:3 6:3 
a The time of hydration mixing; b The temperature of hydration 
mixing; c The ratio of PE to CHOL; d The ratio of PE to OA 

Table 3  Scheme and results of the orthogonal design

Factor 
No.

Aa Bb Cc Dd 
EE (%)

1 1 1 1 1 76.9 

2 1 2 2 2 61.0 

3 1 3 3 3 46.5 

4 2 1 2 3 97.7 

5 2 2 3 1 37.2 

6 2 3 1 2 72.3 

7 3 1 3 2 85.4 

8 3 2 1 3 79.7 

9 3 3 2 1 85.2 

K1 0.611 0.863 0.760 0.661  

K2 0.691 0.593 0.813 0.729  

K3 0.835 0.680 0.564 0.746  

R 0.224 0.270 0.249 0.085  
a The time of hydration mixing; b The temperature of hydration 
mixing; c The ratio of PE to CHOL; d The ratio of PE to OA 
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OA may lead to the structural destruction of 
pH-sensitive liposomes, and at the same time, the 
entrapped drug will be transferred into cytoplasm 
(Philippot et al., 1985; Torchilin et al., 1992). Both 
PE and OA are natural materials, which could make 
the present DTX-Lips safer than liposomes reported 
by previous studies (Ducat et al., 2010; Sánchez et al., 
2011). 

3.3  Characterization of DTX-Lips 

The particle size distribution of DTX-Lips was 
shown in Fig. 2. DTX-Lips prepared in this study 
were a milky white suspension, well-distributed, and 
well-shaped. Particle size and zeta-potential of lipo-
somes were (277±2) nm and (−32.60±0.26) mV, re-
spectively. Fig. 3a shows a typical TEM image of the 
liposomes at pH 7.4. It presents a similar spherical 
morphology of the self-assembled liposomes. In 
contrast, as shown in Fig. 3b, the liposomes which 
were stable in the physiological environment were 
broken under pH 5.0. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

When the pH-sensitive liposome retaining DTX 
was internalized in the endosomes, the liposome 
would be rapidly exposed to the acidic environments 
of endosomes and become unstable, resulting in the 
rearrangement of structure as described above. These 
changes in structure are thought to allow the release 
of drugs at low pH (endosome), hence to increase the 
cellular uptake of drugs. Based on the facts that the 
acidity around cancer cells is higher than that of 
normal cells, we predict that the pH-sensitive lipo-
somes would target tumors and decrease side effects.  

3.4  In vitro release of DTX-Lips 

The cumulative release of free drugs and the 
drugs from DTX-Lips was shown in Fig. 4. Within  
8 h, the release of free drug is up to 80%, while the 
released drug from the liposome is approximately 
20%. Since the control release by DTX-Lips was 
observed up to 72 h (Fig. 5), the property would  
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Fig. 2  Particle size distribution of DTX-Lips 
The particle size was (277±2) nm 
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Fig. 3  Morphological images of liposomes by TEM 
under different pH conditions 
(a) At pH 7.4, the liposomes were spherical; (b) At pH 5.0, 
the loposomes were broken 
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Fig. 4  Drug release of DTX-Lips and free drug at pH 7.4
The cumulative release of free drug was 4 times higher 
than that of DTX-Lips within 8 h 
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increase retention time of DTX in blood circulation  
and enhance the drug effects. Furthermore, the 
acid-trigged character of liposomes was partly re-
vealed from the in vitro study as shown in Fig. 5. 
After 72 h, the cumulative release percentage reached 
86.9% at pH 5.0, while the percentage at pH 7.4 was 
only 64.6%, suggesting that the DTX-Lips possess 
pH sensitivity. 

3.5  HPLC analysis of DTX in plasma and tissue 
samples 

The typical equations for the standard curves are 
listed in Table 4. The linearity of this method was 
good to determine DTX in plasma and various tissues 
in mice. The assay method offered the limits of 
quantification of 20.0 ng/ml in mouse plasma and 
25.0 ng/g in tissue homogenate samples. It can be 
seen from Table 5 that the accuracy of plasma and 
tissue samples ranged from 91.2% to 107%. Thus, the 
analysis method was thought to be accurate and pre-
cise to determine DTX in the samples obtained by in 
vivo experiments. The extraction recoveries of do-
cetaxel in plasma, heart, liver, spleen, lung, and kid-
ney were within the range of 74.1%–83.9%, 84.2%– 
87.3%, 86.3%–96.9%, 84.8%–87.6%, 85.5%–97.1%, 
and 70.0%–89.4%, respectively (data not shown). 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 

3.6  Pharmacokinetics study 
 

The mean plasma drug concentrations at various 
time points after i.v. administration in mice are shown 
in Fig. 6, and the main pharmacokinetic parameters 
are summarized in Table 6. The mean peak plasma 
concentration of DTX-Lips reached (0.93±0.33) 
µg/ml for Duopafei®, compared to (1.49±0.07) µg/ml 
for DTX-Lips. Injection of DTX-Lips gave a higher 
DTX concentration in plasma at each time point than  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 4  Linear ranges, standard curves, and correlation coefficients of DTX in different biosamplesa 

Biosample Linear range (µg/ml or µg/g)b Standard curve Correlation coefficient r 

Plasma 0.20–39.92 R=0.5163c+0.0158 0.9998 

Heart 3.61–720.72 R=0.4908c+0.0093 0.9995 

Liver 1.51–301.82 R=0.4900c+0.0196 0.9995 

Spleen 3.58–716.20 R=0.5229c−0.0171 0.9996 

Lung 2.61–522.87 R=0.5222c+0.0024 0.9996 

Kidney 1.35–270.45 R=0.5081c–0.0081 0.9994 
a The values are arithmetic means, n=3; b The unit of drug concentration in plasma: µg/ml; The unit of drug concentration in tissue: µg/g.
R: the ratio of docetaxel to paclitaxel; c: the concentration of docetaxel 

Table 5  Intra- and inter-day accuracy and precision of DTX in mice plasma and liver homogenatesa 

Mean±SD (µg/ml or µg/g) Accuracy (%) RSD (%) 
Sample 

Concentration 
(µg/ml or µg/g)b Intra-day Inter-day Intra-day Inter-day Intra-day Inter-day 

Plasma 0.399   0.390±0.0101  0.400±0.0352 97.6 100 1.75 7.48 

2.00     2.14±0.0789    2.15±0.0517 107 108 3.24 2.35 

29.9   30.4±0.453 30.2±1.82 101 101 1.48 6.02 

Liver 0.0846   0.410±0.0273   0.420±0.0372 102 106 6.03 6.37 

0.423   2.12±0.101     2.17±0.0881 106 109 4.69 3.52 

6.35 27.3±1.32   27.4±0.631 91.2 91.5 1.32 2.31 
a The values are arithmetic means, n=3; b The unit of drug concentration in plasma: µg/ml; The unit of drug concentration in tissue: µg/g. 
The concentrations of intra-day and inter-day are expressed as mean±SD 
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i.v. administration of DTX-Lips and Duopafei® in mice 
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that of Duopafei® (Fig. 6), suggesting that the pro-
tection by the lipid bilayer membranes lead to the 
slow drug release and slow clearance of DTX-Lips. 
The AUC increased from 0.80 mg/(L⋅h) for Du-
opafei® to 2.14 mg/(L⋅h) for DTX-Lips, which is 
consistent with the decrease of the clearance from 
19.9 L/(h⋅kg) to 7.47 L/(h⋅kg) (Table 6). The 
half-lives of DTX in plasma for Duopafei® and 
DTX-Lips were 0.85 and 1.54 h, respectively  
(Table 6). The evidence above demonstrates that 
DTX-Lips are more effective than Duopafei® for its 
merit of continuous and stable drug release.  

3.7  Tissue distribution study 

The tissue distribution of DTX after i.v. ad-
ministration of DTX-Lips and Duopafei® at different 
time points was shown in Fig. 7. Pharmacokinetic 
parameters (area under the curve of drug concentra-
tion (AUC) and mean residence time (MRT)) and 
targeting parameters (Re and Te) are given in Table 7. 
Re is a good indicator for the relative efficiency of 
two delivery systems to one tissue. All of the Re 
values exceeded 1, especially in the liver and spleen 
(4.76 and 6.35, respectively) (Table 7). MRT of 
DTX-Lips were greater than that of Duopafei®, es-
pecially in plasma and lung which were 1.7-fold and 
1.3-fold increased, this was mainly attributed to the 
sustained releases of DTX from liposomes. Ratio of 
Te indicates liposome targeting efficiency compared  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 6  Comparation of plasma pharmacokinetic parameters of Duopafei® and DTX-Lips after i.v. administration 
in mice  

Group t1/2 (h) AUC(0–∞) (mg/(L·h)) MRT(0–∞) (h) Cmax (µg/ml) CL (L/(h·kg)) V (L/kg) 

Duopafei® 0.850 0.804 1.12 0.93 19.90 24.4 

DTX-Lips 1.540 2.140 1.99 1.49   7.47 16.5 
n=5. t1/2: half-time period; AUC: area under the curve of drug concentration; MRT: mean residence time; Cmax: maximum concentration of 
drug; CL: clearance rate; V: apparent volume of distribution of drug 
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Fig. 7  Distribution of DTX in mouse organs at various 
time points after i.v. administration  
(a) Duopafei®; (b) DTX-Lips. Data show average values from 
five experiments. The unit of drug concentration: μg/ml for 
plasma and μg/g for organs. The concentration of DTX-Lips 
was higher than that of Duopafei® in different organs, and 
DTX-Lips were selectively accumulated in macrophage-rich 
organs such as the liver and spleen 

Table 7  Target evaluations of  Duopafei® and DTX lipsomes after i.v. administration in mice 

AUC mg/(L·h) MRT (h) Te 
Tissue 

Duopafei® DTX lipsomes Duopafei® DTX lipsomes
Re 

Duopafei® DTX-Lips 
Ratio 
of Te 

Heart 1.12 5.01 1.02 4.78 4.18 0.034 0.045 1.32 

Liver 8.46 40.3 11.2 2.78 4.76 0.238 0.359 1.51 

Spleen 5.73 36.4 12.7 6.86 6.35 0.161 0.324 2.01 

Lung 14.7 16.4 4.17 5.47 1.12 0.413 0.146 0.353

Kidney 4.69 12.1 3.01 4.24 2.58 0.132 0.108 0.817

Plasma 0.804 2.14 1.12 1.99 2.66 0.023 0.019 0.844
n=5. AUC: area under the curve of drug concentration; MRT: mean residence time; Te: the relative effeciency of two delivery systems to 
one tissue; Re: the selectivity of a delivery system to one tissue 
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with Duopafei®. As shown in Table 7, DTX-Lips 
gave higher concentrations in liver and spleen 
compared to Duopafei®, suggesting that the lipo-
somal formulation causes the high distribution in 
these two organs and that the uptake of DTX-Lips 
mainly occurred in the reticuloendothelial system 
(RES)-rich organs. Pharmacokinetics study and tissue 
distribution experiment in mice indicated that the 
AUC and MRT were significantly increased when 
DTX was encapsulated in liposomes, especially the 
uptake in liver and spleen were increased in a great 
extent. These results demonstrated that the liposome 
carrier altered the tissue distribution pattern of DTX 
in mice significantly in comparison with Duopafei®. 
All these properties may help to increase the thera-
peutic efficacy and decrease the toxicity and side 
effect.  

 
 

4  Conclusions 
 
Novel DTX-loaded liposomes have been pre-

pared and their physico-chemical properties were 
investigated. DTX-Lips showed a pH-dependent re-
lease behavior, which would be favorable for selec-
tivity against tumor cells. Compared with Duopafei®, 
DTX-Lips gave a prolonged residence time of the 
drug in mice and an improved efficiency to RES or-
gans such as the liver and spleen but not to non-RES 
organs, which might potentially contribute to de-
crease the risk of toxicity. The present study investi-
gated one composition of pH-sensitive liposomes and 
its pharmacokinetics in healthy mice. In our further 
work, various compositions of pH-sensitive lipo-
somes will be investigated to compare their pharma-
cokinetic and pharmaceutical characteristics such as 
in vitro cytotoxicity and in vivo antitumor effects and 
to develop a reformulation of DTX which will be 
feasible and promising for clinical applications. 
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