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ABSTRACT 

Objective: Capecitabine is widely used in colorectal cancer treatment and has first-pass metabolism problem. Despite of its promising anticancer 
potential, capecitabine has not been used due to its poor solubility in water. The purpose of this study was to develop colon targeting capecitabine 
loaded stealth liposomes, which is a promising technique to avoid first-pass metabolism to achieve the desired bioavailability profile, increased 
water solubility and sustained release. 

Methods: Thin film hydration method was used to prepare capecitabine stealth liposomes. Prepared liposomes were characterized for drug release 
kinetics, stability studies, cell viability studies to determine the cytotoxic effect and in vivo studies in mice bearing colon carcinoma for evaluation of 
antitumor potential.  

Results: In vitro releases of liposomes were best fitted in the Higuchi matrix kinetic model with an n value from 0.868-0.964, indicating non-fickian 
release diffusion. Stability data indicated that liposomes were stable for at least 06 mo at 5±3 ° C. inhibiting activity was increased and with a 
Significant improvement in AUC, MRT and t1/2 observed as 29.65±5.08, µg h/ml for Stealth liposomes compared with the pure capecitabine and the 
conventional liposomes.  

Conclusion: Results suggested that Capecitabine-loaded stealth liposomes can be an effective delivery system for targeting colon cancer. 

Keywords: Capecitabine, Stealth liposomes, Colon cancer, Stability, Release kinetic, Sustained release 

© 2022 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/) 
DOI: https://dx.doi.org/10.22159/ijap.2022v14i2.43658. Journal homepage: https://innovareacademics.in/journals/index.php/ijap  

 

INTRODUCTION 

Colon cancer is considered much leading cause of deaths in the 
world. Colon cancer is a very lethal malignant tumor with an 
increased incidence rate in 40–50 y of age, associated with high 
morbidity and mortality worldwide [1, 2]. Colon cancer arises from 
the epithelial cell lining of the colon or rectum in the gastrointestinal 
tract (GIT) most often it may be a result of a mutation in the Want 
signaling pathway that falsely increases signaling activity [3, 4]. For 
colon cancer Chemotherapy, Radiotherapy, and surgery are the 
Clinical therapeutic strategies. Chemotherapeutic approaches often 
suffer from multidrug resistance, poor bioavailability, and high 
system toxicity, which may result in poor efficacy and significant 
adverse effects [5, 6]. To overcome these problems, different 
approaches have been attempted by giving “selective” delivery to 
the affected area. Targeting the drug to only those tissues, cells or 
organs, which are affected by the disease, would be a better solution. 
Presently, taking the response to chemotherapy of cancer drug 
delivery into consideration, methods like nanoscale systems 
(liposomes, micelles and nanoparticles) is growing steadily [7]. 

It has enormous applications, like the increase in drug uptake by 
cancer-affected cells, controlled drug expulsion, and capacity to boost 
drug stability and increase liposomes solubility [8, 9]. Their 
desirability lies in the composition, making them biodegradable and 
biocompatible [10, 11]. Liposomes are being considered widely as 
drug delivery systems of potential importance ever since the 
observation of Bangham and coworkers was published. Liposomes are 
biocompatible, biodegradable, nonimmunogenic and nontoxic [12, 13]. 
Liposomes made up of phospholipids are weakly immunogenic, 
biologically inert with low intrinsic toxicity. Drugs having different 
lipophilicities can also be encapsulated in the liposomes: strong 
lipophilic drugs can be entrapped almost completely inside the bilayer 
of lipid; strong hydrophilic drugs are located specifically in aqueous 
compartment [14, 15]. Liposomes which are composed of a lipid 
bilayer are used as drug delivery vehicles. Liposomes on the same 
molecule have both non-polar and polar groups [16]. On in vivo 
administration of conventional liposomes, they rapidly get cleared 

from the blood circulation by the macrophages and monocytes. Unlike 
the conventional liposomes, with PEGylated liposomes hepatosplenic 
rapid uptake is avoided [17]. Stealth liposomes delay opsonization 
because of their biocompatible PEG coating on the surface, and hence 
have comparatively longer blood circulation time, thus giving a 
possibility in targeting pathogens which are intercellular and 
macrophages (which are infected) outside the spleen and liver. 
PEGylated liposomes after a long-term circulation of blood extravasate 
into the infected tissues and thus act as drug delivery systems with 
site-specificity [18, 19]. 

Poly-ethylene glycols are extensively used in the derivatization of 
therapeutic peptides and proteins, increasing the drug stability, 
lowering toxicity, increasing solubility half-life, decreasing 
immunogenicity and clearance. The PEG presence on the liposomal 
surface avoids the aggregation of vesicle and helps to improve 
formulations stability [20, 21].  

Capecitabine drug has been approved by the Food and Drug 
Administration (FDA) for colorectal cancer treatment in the year 
2005. It is a pro-drug which can be enzymatically converted into 5-
fluorouracil in the tumor cells. This 5-fluorouracil inhibits the 
Deoxyribonucleic acid (DNA) synthesis and slows down the tumor 
cell growth gradually. The drug capecitabine has a half-life of 38-45 
min with frequent dose administration and causes more of adverse 
effects like angina, hand-foot syndrome, myocardial infarction, 
diarrhea, stomatitis, nausea, anemia, thrombocytopenia, and 
hyperbilirubinemia when used in the conventional dosage form. 
These problems can be overcome by delivering capecitabine in 
stealth liposomes which can deliver the drug in a very controlled 
manner using much of the reduced dosing schedule to increase the 
therapeutic efficiency [22]. 

MATERIALS AND METHODS 

Methods  

For the preparation of liposomal formulation, Capecitabine was a 
received gift sample from Mylon Laboratories, Bangalore, India. 
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DSPC (1,2-dioctadecanoyl-sn-glycero-3-phosphocholine) and PE-
PEG 2000(1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-
[methoxy (polyethylene glycol)-2000] (ammonium salt)) were 
purchased from Lipoid Germany. All other reagents and chemicals 
used were of the analytical grade. 

Cell lines 

HCT116 and HT-29 Cell lines were obtained from NCCS, 
Ganeshkhind, Pune). RPMI supplemented with a 10% FBS, a 1% 
penicillin and a 0.16% kanamycin was used to culture Cells are 
grown in the humidified CO2 incubator at a temperature 37 °C. 

Animals 

Male mice (20 ± 3 g) were purchased from Venkateswara 
enterprises, Bangalore. All the animal experiments are performed at 
the Animal Experimental Center of Aditya BIPER. Protocols 
approvals were taken from proforma B, for the animal studies and 
were submitted for the IAEC of Aditya Bangalore institute of 
pharmacy education and research Bangalore. The Approval no. was 
1611/PO/Re/S/12/CPCSEA. A standard diet was fed to animals and 
they had access to the water and the food ad libitum for a week and 
were kept in the laboratory environment at 25 °C ± 2 temperatures 
of before the experiment was started.  

Preparation of liposomes 

Thin film hydration method was used for the preparation of PEGylated 
liposomes of capecitabine using varied combinations of phospholipids. 
The weighed quantity of drug, phospholipids and cholesterol was 
dissolved in a mixture of anhydrous Ethyl acetate and ethanol (2:1) in 
a sterile flask with round bottom and is attached to a rotary 
evaporator subjected to evaporation to get a thin, dry film of lipid. The 
lipid film is thoroughly dried, and the film was allowed to hydrate 
using phosphate buffer saline, pH 7.4 above transition temperature 
and subjected to sonication. The non-entrapped drug was removed by 
centrifugation; this step is called as liposome purification. The 
liposomal dispersion after centrifugation was filled in glass vials and 
covered with special stoppers for lyophilization [23, 24]. 

In vitro release studies 

The capecitabine in vitro release from the PEGylated liposomes is 
determined by dialysis method. The liposomal dispersion was 
placed in a dialysis tube (donor compartment), then the tube was 
immersed in a beaker containing release medium, i.e. phosphate 
butter saline pH 7.4 and mixed with magnetic stirrer at a speed of 
100 rpm to maintain sink condition. The sample (1 ml) was taken at 
fixed time intervals at 1st, 2nd, 4th, 6th, 12th, 24th, 28th, 30th and 
36th hours from release medium and the samples were withdrawn 
with a replacement of equal volumes of fresh dissolution medium 
into the cell. By using the UV spectrophotometric method, drug 
concentrations in the dissolution medium were determined [25, 26]. 

Drug release kinetic study 

The mechanism of the drug release kinetics of dosage forms was 
analyzed by fitting the obtained formulations into different kinetic 
equations of zero order, first order, Higuchi model and korsemeyer-
peppas model. The best model was considered based on the 
maximum correlation coefficient value [27]. 

Stability studies 

Stability studies are performed for formulations (optimized) 
according to ICH guidelines. Formulations are divided into sets of 2 
samples each and were stored at 5 °±3 °C, 25 °±2 °C and 60% 
RH±5% RH in amber-colored sealed glass vials for 6 mo. The 
liposomal formulated suspensions were observed visually for their 
appearance, ease of their redispersion, and the sedimentation. The 
samples were evaluated for their particle size, the drug release and 
the drug entrapment at the specified time interval’s viz., 0, 1, 3, 6 mo 
in the triplicates [28, 29]. 

Cell viability studies 

The in vitro antitumor activity of capecitabine-loaded liposomes and 
pure drug were determined by MTT assay. The MTT assay test was 

used for the evaluation of the cellular viability, for the determination 
of the cytotoxic effects of the free and liposomally entrapped 
capecitabine on the human colorectal carcinoma cellsHCT116 and 
HT-29. The evaluation of viability of cells was determined by 
estimating the quantity of colored formazan crystals which are 
formed while performing the biological test. 1.6 × 103/100 μl cancer 
cells were transferred aseptically in each well of 96-well plate in 
triplicates and incubated at 37 °C. Cells were treated with varying 
amounts of capecitabine and capecitabine stealth liposomes and 
incubated for 24 h. The Cells are incubated for 24 h time period at a 
temperature of 37 °C in a CO2 incubator. After a time of incubation, 
MTT of 20 μl (5 mg./ml. dissolved in PBS) are added into each of the 
wells and were again incubated for a time period of3 h. Supernatant 
was removed from the wells after 3 h and a200 μl of the dimethyl 
sulfoxide was then added for dissolving formazan crystals. Later 96 
of the well-plates are shaken slowly and absorbances of the different 
samples were measured using the ELISA microplate-reader at 295 
nm. The cell viability percentage was calculated according to the 
given following equation [30, 31]. 

Abs T represents absorbances of the cells treated and Abs C, 
absorbances of the control cells (Untreated cells). 

Cell viability = AbsT/AbsCX100 

In vivo anti-tumor efficacy 

Using male albino mice (20–25 g) the Pharmacokinetic studies, were 
done. In the study, animals were arranged randomly into four 
groups. Each group was comprised of six animals. 2.5X104 HT-29 
cells were suspended in the Phosphate buffer solution and then 
were subcutaneously injected into the right flank of the mice and, 
the tumor was allowed to grow. After 7-10 d of tumor implantation, 
the free-capecitabine, Conventional-liposomes and the stealth-
liposomes were administered into the mice with tumor through the 
tail vein at 10 mg/kg animal body weight. The group I was given a 
normal saline buffer solution via tail vein of the mice. Similarly, 
group II, III and IV administered with 10 mg/kg dose of the pure 
solution of the drug in the saline buffer, the conventional liposomes 
and stealth liposomes, respectively. After 10 d of the implantation 
(HT-29) of tumor, when the tumor sufficiently developed and grew 
with a specific volume, the samples of blood are drawn at intervals 
of 1h, 6h, 12h, 24h and 48 h from retro-orbital plexus. The amount of 
capecitabine in each blood sample was measured by using HPLC 
analysis. The albino mice were sacrificed by euthanasia (Ketamine 
90 mg/kg-IP route and xylazine 10 mg/kg-IP route) and the colon 
region with the tumor removed. This was washed with a normal 
saline solution and was subjected to homogenization, and then was 
analyzed by HPLC to estimate capecitabine. Distribution profiles of 
capecitabine in different organs also including the plasma are 
analysed by HPLC analysis in this the stationary phase is C18G (250 
× 4.6 mm, 5 μm) and the mobile phase is Acetonitril e: methanol 
(55:45) with a flow rate of 1.0 ml/min, Injection volume: 20 μL and 
the detection wavelength was295 nm. Capecitabine was estimated 
using a standard curve. The solution was later injected inside the 
unit and the chromatogram was then recorded. For measuring In 
vivo Antitumor Activity, the anti-cancer activity of capecitabine was 
calculated by estimating its effect of cytotoxicity on the tumor by 
estimating its dimension in a suited animal model depending on the 
parameters of tumor volume, and tumor weight [32]. 

Tissue distribution study 

To estimate the pattern of distribution of capecitabine in the 
biological organs which give assurance for either the localization of 
the drug to the required tumor site via prolonged circulation or drug 
uptake by the RES rich organs, like the liver and spleen, which stop 
the desired localization. Hence, the distribution profile of the 
capecitabine having, both liposomes conventional and stealth are 
checked with the use of animal model bearing tumor. Similar 
manner, like pharmacokinetics section by receiving a 10 mg/kg dose 
of the pure drug solution in buffer saline, conventional-liposomes 
and stealth-liposomes after tumor implantation, and when the solid 
tumor sufficiently grown with a specific volumes mice were 
sacrificed and the major organs-liver, spleen, kidneys and lungs. The 
tumors are removed, was washed using the (normal) saline solution 
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and was subjected to centrifugation at a speed of 25000 rpm for 
duration of 10 min. The aliquots are then analyzed using HPLC to 
estimate capecitabine content in the various organs, in due respect 
to the time, by preparing a standard curve of capecitabine [33, 34].  

Effect on solid tumor volume 

Colon carcinoma cell line, i.e. HT-29 cell line, was diluted using 
phosphate buffer solution and was subcutaneously injected into the 
right flank of the mice and tumors were let to develop. After 10 d of 
tumor implantation, the free capecitabine, the Conventional-
liposomes and the stealth-liposomes were injected into the mice 
having tumor through the tail vein with a dose of 10 mg/kg. The size 
of tumor and the weight of each individual mouse were monitored 
from thereon. The Anticancer effect of capecitabine loaded 
formulation was then evaluated on the basis of changes observed in 
the volume of tumor and the weight obtained at the chosen time-
interval, i.e. when the tumor acquires a particular size after the 
implantation of HT-29 cell line (at the 10th day) and the 
administration of the sample. In the selected days of interval, the 
mice are sacrificed for tumor harvest for determination of the 
volume of the tumor, two bisecting diameters each of the tumors 
was measured with the help of slide caliper and calculations are 
performed using the formula. 

V=0.5 X ab2 

a=largest of the diameter of the tumor (mm) 

b= smallest of the diameter of the tumor (mm) [35, 36]. 

Effect of the solid tumor weight 

By the end of the study, weight profiles of the tumor after treatment 
using the different forms of capecitabine as, pure capecitabine, 
optimized conventional and the stealth liposome formulation were 
analyzed by comparing with measuring the tumor weight, with 
which implicates the capecitabine anticancer activity [37]. 

RESULTS AND DISCUSSION 

In vitro drug release studies 

In vitro dissolution study performed was by using the dialysis 
method. The release profile of all the formulations is presented in 
(table 1) and shown in (fig. 1). The maximum percentage of 
capecitabine release was observed in the formulation F3 CAP and 
F7CAP. As expected for the liposomes, fast drug release behavior 
was observed due to the enhanced dissolution and forming of the 
lipid vesicles as much as the smaller size of the vesicles [25]. 

 

Table 1: In vitro drug release profile of capecitabine stealth liposomal formulations 

Time in h F1 CAP F2 CAP F3 CAP F4 CAP F5 CAP F6 CAP F7 CAP F8 CAP 
1 4.0±0.03 3.9±0.7 9.3±0.2 4.9±0.5 7.3±0.1 5.12±0.5 9.7±0.5 3.05±0.2 
2  10.2±0.5 16±0.01 21±0.7 9.5±1.2 11.5±1.8 17±0.26 20±1.6 14±1.4 
4 22.5±0.5 23.8±0.04 28.2±0.02 14.6±0.5 24.5±1.1 23.8±0.02 26.2±1 19.4±0.2 
6 30.0±0.5 35.7±0.5 31.6±0.4 29.5±0.6 28.6±0.02 32.7±0.5 30.6±1.8 24.5±0.6 
12  47.1±0.7 54±0.8 52.6±0.2 37±0.4 51.6±0.6 50±0.1 54.6±0.3 35±1.0 
24 53.5±0.1 60±0.54 70±0.05 50.5±0.5 65±0.34 56±0.22 68±1.0 49.5±0.3 
28 65.2±0.34 62.4±0.2 77±0.6 56±0.7 72.3±0.27 62.4±1.2 75.3±0.1 54±0.1 
30 74.3±0.4 74.4±0.02 90±0.5 66.0±0.6 86±0.12 76.4±0.0 88±0.23 69.0±0.1 
36 79.4±0.5 80±0.5 95±0.33 73±0.1 92±0.3 89±0.04 94±0.05 72±0.01 

*Data are expressed as mean±SD (n=3) 

 

 

Fig. 1: Mean in vitro drug release profile of capecitabine loaded stealth liposomes 

 

Release kinetic studies 

To study the mechanism of drug release, data which were obtained 
from in vitro drug release studies fitted in kinetic models. The 
correlation coefficient (2) was used as a tool for best fitting, 
regression values for formulation were between (2) = 0.744 to 
0.991 and all the formulations F1 CAP to F8 CAP was best fitted in 
the Higuchi matrix kinetic model with a n value from 0.868-0.964 
indicating non-fickian release diffusion. The n value was higher than 
0.5 for stealth liposomes containing capecitabine. The kinetic data of 
all the formulations are shown in (table 2). The kinetic plots 
obtained of respective batches are shown in (fig. 2). The drug 
release pattern was obeying the Higuchi diffusion model. The 
highest correlation coefficients were found with the Higuchi model 
(r=0. 0.991) among all models. Drug release profiles of capecitabine 

stealth liposomes follow a diffusion mechanism. The release of 
capecitabine stealth liposomes was found to be sustained over a 
time frame. The model Korsmeyer-Peppas power law equation 
states type of the diffusion, which was evaluated by n value, which 
was higher than 0.89, which had implied that drug release from 
system, follows Super case II transport [38]. 

Stability studies 

Stability studies of optimized formulation, F7 CAP pegylated 
liposomes, at 25°±2 °C, 60% RH±5% showed no significant changes 
in the drug release profile. Alteration in the drug release profile of 
the optimized formulations, when stored at 5±3 °C, was negligible. 
Entrapment efficiency of the optimized formulation when stored at 
5±3 °C was not changed significantly [29]. The formulation was 
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stable at a temperature of 5±3 °C and significant changes in 
entrapment efficiency of the drug and also the size of the liposomes 
was not observed and presented in (table 3). No significant changes 
in physical appearance, particle size, and the size distribution were 

observed for the formulations during the stability studies at 5±3 
°C. However, when the formulation of liposomes was subjected to 
25 °±2 °C and 60%±5%, there was a loss of liposomal structure and 
entrapment efficiency. 

 

Table 2: R2 values of various kinetics models of capecitabine stealth liposomal formulations 

Formulation code R2 values   
Zero-order First-order Huguchi model Hixson crowell Korsmeyer-peppas Best fit model 

R2 n value 
F1CAP 0.927 0.956 0.974 0.958 0.853 0.964 Huguchi 
F2CAP 0.879 0.936 0.963 0.928 0.807 0.945 Huguchi 
F3CAP 0.951 0.905 0.991 0.963 0.744 0.871 Huguchi 
F4CAP 0.948 0.963 0.974 0.967 0.855 0.919 Huguchi 
F5CAP 0.954 0.92 0.982 0.962 0.820 0.930 Huguchi 
F6CAP 0.916 0.864 0.957 0.909 0.795 0.912 Huguchi 
F7CAP 0.947 0.909 0.987 0.959 0.745 0.868 Huguchi 
F8CAP 0.953 0.961 0.977 0.967 0.831 0.924 Huguchi 

 

 

Fig. 2: In vitro drug release kinetic plots of F3 CAP stealth liposomes a). Zero-order, (b) First order. (c). Higuchi, (d). 
Hixson, (e). Korsmeyer–peppas 

 

Table 3: Stability data of optimized liposomal formulation F7 CAP 

Retest time for optimized formulation Parameters (Changes due to different storage conditions) 
Particle size Entrapment efficiency In vitro drug release profile (%) Zeta Potential 

Within 0 d 
5±3 °C 110±2.61 73±1.2 94±0.05 -12.3±0.83 
 25±2 ° C/60%±5% RH 110±2.610 73±0.7 94±0.05 -12.3±0.83 
Within 1 mo 
5±3 °C 112±0.21 72±1.5 92±0.08 -14.5±0.26 
 25±2 ° C/60%±5% RH 118±1.2 69±1.1 86±1.02 -26.3±0.82 
Within 3 mo 
5±3 °C 115±0.25 71±0.7 91±0.07 -20.3±0.24 
 25±2 ° C/60%±5% RH 136±0.13 57±1.1 71±0.8 -31.3±0.36 
Within 6 mo 
5±3 °C 117±0.72 68±1.0 90±0.18 -15.3±0.64 
 25±2 ° C/60%±5% RH 154±1.42 51±0.9 63±0.23 -39.3±0.59 

*Data are expressed as mean±SD (n=3)* 

 

In vitro anticancer activity 

The biological efficacy of capecitabine entrapped in PEGylated 
formulation was tested on the human colorectal carcinoma cells 

HCT116, HT-29 by using MTT assay. Significant improvement in 
drug anticancer activity, in respect to the free drug, was observed 
and obtained with the help of PEGylated capecitabine loaded 
liposomes [37]. The inhibiting activity was increased in PEGylated 



M. Padmasree & B. A. Vishwanath 
Int J App Pharm, Vol 14, Issue 2, 2022, 135-142 

139 

stealth liposomes against HCT116, HT-29 cells when compared to 
pure capecitabine and represented in (table 4). The improvement in 
the anticancer efficiency of capecitabine on colorectal carcinoma 
cells, which was provided by the PEGylated formulation, suggested 
the protective and long circulation properties of it. At a same level 
concentration, the modified PEG-liposomal group showed a very 

strong inhibition of HCT116, HT-29 cells. The obtained results 
indicated, prolonged circulation of the delivery system can be useful 
in giving the strongest cytotoxicity against HCT116 cells, HT-29 
cells, it showed that the endocytosis mediated by PEG promotes 
cellular uptake. It can enhance cytotoxic effect of the modified 
PEGylated liposomes [39]. 

 

Table 4: IC50 values (μM) of capecitabine and capecitabine loaded stealth liposomes in human colorectal cell lines 

Cell lines Capecitabine Capecitabine loaded stealth liposomes 
 IC50 IC50 
HCT-116 1.96±0.34 0.923±0.12 
HT-29 3.56±0.56 1.54±0.42 

*Data represented the mean±SD, n=3/group. 

 

Pharmacokinetic study 

For assessing the pharmacokinetics of capecitabine loaded optimized-
conventional liposomes and stealth liposomes with a dose of 10 mg/kg 
is administered with the route I. V. to mice carrying HT-29 tumor. 
Plasma profile of free capecitabine, conventional liposomes, and 
stealth liposomes shown in the (fig. 3) and pharmacokinetic 
parameters is given in (table 5). Statistically significant improvement 
in the AUC total of the formulation was observed and was found to be 
29.65±5.08, µg h/ml for Stealth liposomes. Considering the 
pharmacokinetic profile, after administration of I. V. injection to the 
animal model comparatively, AUC, MRT and t1/2 of Stealth liposomes 
was much greater than pure capecitabine and conventional liposomes. 
This showed the improved residence time and also sustained release 
of drug from the formulation of Stealth liposomes, as a result of the 
decreased clearance of capecitabine loaded stealth liposomes. Rapid 
removal of conventional liposomes by RES represents one of the major 
drawbacks in drug delivery. This problem was addressed by using 
long circulated liposomes. Conventional liposomal grafting was done 
with a biocompatible and inert polymer like the PEG, led to the 

formation of much protective and a hydrophilic layer on the liposomes 
surface. The t1/2 of Stealth liposome and MRT increased than 
Conventional liposomes proved that prolong circulation half-life of 
Stealth liposomes reduced the chances of rapidity in uptake by the 
element of Mononuclear Phagocytic system (MPS) by incorporating 
PEG residue on vesicles which makes liposome formulations much 
hydrophilic and physiologically more stable.  

The relative percent bioavailability of capecitabine was found to be 
100 %, 72.1±0.2 and 86.4±3.5 % for pure capecitabine, conventional 
liposomes and stealth liposomes, respectively. Compared to the pure 
capecitabine solution, conventional and the stealth liposomes 
bioavailability has been decreased maybe because that the 
conventional liposomes may be rapidly are cleared from the systemic 
circulation, unlike the stealth liposomes have shown little higher 
values of the relative percentage-bioavailability when compared to the 
conventional liposomes (F7 CAP) due to long time in systemic 
circulation. The stealth liposomes altered the pharmacokinetic profile 
of capecitabine. The serum levels of capecitabine were significantly 
higher for stealth liposome’s in comparison to free capecitabine [30]. 

 

Table 5: Comparative pharmacokinetic profile of pure capecitabine, conventional and stealth liposomes 

Pharmacokinetic parameters Units Free capecitabine Conventional liposomes Stealth liposomes 
AUC µg/ml 9.61±1.71 12.32±3.45 29.65±5.08 
Cmax µg/ml 4.34±0.82 6.23±1.23 11.12±1.32 
Vd L 191±0.29 174±1.78 150±0.24 
t1/2 H 0.85±0.43 5.32±1.42 12.32±0.11 
Ke h-1 0.75±0.03 0.94±0.13 0.07±0.031 
Cl ml/min 5.128±0.03 2.35±0.56 0.054±0.25 
MRT H 0.95±0.13 3.25±12 11.10±0.36 

*Data represented the mean±SD, n=6/group. 
 

 

Fig. 3: Mean plasma concentration-time profiles of capecitabine, capecitabine conventional liposmes and capecitabine stealth liposomes 
in mice bearing colon cancer 
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Tissue distribution study 

Tissue distribution of the pure drug, Conventional liposomes and 
Stealth liposomes was examined by inoculating HT-29 cell line into 
the mice. The biodistribution effect of capecitabine was evaluated, 
followed by the administration of 10 mg/kg of capecitabine injection 
through i. v., conventional, and stealth-liposomes in the mouse 
model shown in (table 6). The capecitabineAUC0–t and Cmax µg/ml 
of stealth liposomes were less in the spleen and liver, and more in 
the plasma and the tumor tissue when liver, plasma, and tumor 
tissue between both. The results showed that stealth liposomes 
decrease capecitabine uptake in the RES-containing organs (liver 
and spleen) when compared with conventional liposomes. The 
longer circulation time and a slower release of capecitabine from the 
stealth-liposomal formulation offered a fair chance, for capecitabine 
to get attained at the tumor through an increased permeability, the 
retention (EPR) effect, and also maintain the desired effective 
therapeutic level of dose for a long time period through depot 
effects. The stealth liposomes distribution pattern to spleen 
compared with the conventional capecitabine liposomes. There 
were much important differences observed in the spleen, was 
dynamically changed because of the steric stabilization from the 
inclusion of grafting PEG, which avoided the spleen uptake. In case 

of the free capecitabine, it was interestingly noted about its rapid 
appearance in the kidney after 1 h.  

The above phenomenon maybe because of the metabolism of 
capecitabine and a rapid eliminating, through the urine, but the 
entrapment of the drug into the vesicles protected against the 
metabolism with a small appearance inside the kidney. Grafting PEG 
on the stealth-liposome formulations was most promising for avoiding 
the uptake of capecitabine in the RES rich organs and enhanced the 
circulation and half-life of capecitabine, small vesicular size and steric 
stabilization promoted enhanced permeability retention (EPR) by 
favorably promoting stealth liposomes into the tumor interstitial 
space and extravasation-effect for maximum localizing the drug into 
the tumor cells. This kind of accumulation of the liposomes with long-
circulation having encapsulated drugs using the EPR effect represents 
the mechanism of passive targeting, increasing the drug delivery and 
the therapeutic potential of the drug. The biodistribution studies 
showed a higher uptake per a gram of tissue of pure capecitabine and 
conventional liposomes uptake was in the spleen and kidneys followed 
by the liver. The high uptake in the spleen and the liver was due to a 
fact that the mentioned organs are a part of mononuclear phagocyte 
system (MPS), which in turn is responsible, for the filtering of foreign 
particles from blood circulation [32]. 

 

Table 6: Biodistribution parameters of capecitabine in liver, kidney, spleen, lung, tumor and plasma in colon carcinoma induced mice 

Capecitabine 
formulat ion 

Liver  Kidney  Spleen  Lung  Tumor  
AUC0-t 
(µg⋅h/ml) 

Cmax 
µg/ml 

AUC0-t 
(µg⋅h/ml) 

Cmax 
µg/ml 

AUC0-t 
(µg⋅h/ml) 

Cmax 
µg/ml 

AUC0-t 
(µg⋅h/ml) 

Cma x 
µg/m l 

AUC0-t 
(µg⋅h/ml) 

Cmax µg/ml 

Pure capecita bine 7.13±1.52 2.05±0.12 6.02±0.97 9.02±0.35 8.02±1.02 10.16±0.53 4.02±0.62 0.85±0.12 9.02±1.71 4.34±0.82 
Conventi onal 
liposome s 

19.12±3.83 9.06±2.15 09.32±0.97 7.06±1.05 22.32±4.04 11.12±1.78 06.32±0.4 3.16±1.09 12.32±3.45 6.23±1.23 

Stealth liposomes 9.65±1.92 2.05±0.82 5.4±1.86 1.92±0.16 11.65±2.3 3.05±0.82 4,3±0.16 0.81±0.04 29.65±4.12 10.52±1.32 

*Data represented the mean±SD, n=6/group 
 

Effect on tumor volume 

The Mice, bearing HT-29 tumor are parenterally given free 
capecitabine, conventional-liposomes, capecitabine loaded stealth-
liposomes for cancer therapy. Stealth liposomes 10m g/kg dose and 
the mice were given a saline solution as a control. The pure form of 
capecitabine was not of much effect in preventing tumor growth in 
comparison with the conventional-liposomal treatment; 
conventional-liposomes displayed a stronger inhibition of tumor 
having the volume of tumor found as 2.7±0.21 cm3 unlike with pure 
capecitabine treated tumor volume was 3.2±0.23 cm3 were 
presented in (table 7). When the tumor was treated using the 
stealth-liposomes, they provided cellular advantages in terms of the 
tumor site accumulation of capecitabine because of the PEG coating. 
Here, stealth liposomes distribution to tumor cells induced 
interaction to the tumor cell membranes and consequently to 
promote the effective drug delivery, it reduces the volume of the 

tumor to 1.1±0.12 cm3after 30 d of study, notably was lower 
compared to conventional liposomes and the free-drug [37, 39]. 

Effect on tumor weight 

As shown in the table 8 the influence of the formulation, on the 
tumor’s weight, indicated that, the weight of the tumor was 3 times 
less compared to (1.4±0.21 gm) the control group, as (7.41±1.22 
gm), hence the growth of the tumors was retarded up to 30 d of the 
study. The same way the influence of the pure-capecitabine and the 
optimized, conventional liposomal formulation on the weight of 
tumor was (6.74±1.35 gm to 4.38±0.85 gm) respectively and 
reported in the. Additionally, capecitabine concentration from 
stealth liposomes in the tumor was notably high compared with 
conventional liposomes, which was mostly may be due to targeting 
nature of stealth liposomes caused much greater accumulation of 
carrier inside the tumor and also subsequently increasing the drug 
delivery [37, 39]. 

 

Table 7: Effect of pure capecitabine, conventional liposomes, stealth liposomes on tumor volume 

Treatment Tumor volume (cm3)     
 Dose 10 D 15 D 20 D 25Days 30 D 
Saline solution 10 mg/kg 1.0±0.23 1.9±0.23 2.6±0.32 3.4±0.11 4.8±0.12 
Pure capecitabine 10 mg/kg 0.8±0.27 0.86±0.21 1.7±0.14 2.3±0.12 3.2±0.23 
Conventional liposomes 10 mg/kg 0.5±0.21 0.9±0.27 1.2±0.2 1.9±0.23 2.7±0.21 
Stealth liposomes 10 mg/kg 0.3±0.15 0.5±0.1 0.7±0.19 1.0±0.21 1.1±0.12 

*Data represented the mean±SD, n=6/group. 
 

Table 8: Effect of pure capecitabine (CAP), Capecitabine conventional liposomes (CAP-CL), Capecitabine stealth liposomes (CAP-SL) on 
tumor weight 

Treatment Dose Days Tumor weight (gm) 
Saline solution 10 mg/kg 30 7.41±1.22 
Pure Capecitabine 10 mg/kg 30 6.74±1.35 
 CAP-CL 10 mg/kg 30 4.38±0.85 
CAP-SL 10 mg/kg 30 1.4±0.21 

*Data represented the mean±SD, n=6/group. 
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CONCLUSION 

The results demonstrated that compared with capecitabine, 
modified-liposomes possessed a notable prolonged circulation time, 
with high drug concentrations in the plasma compared with free 
capecitabine and conventional capecitabine liposomes. Liposomes 
with PEG showed higher uptake by the tumor, but also toxicity was 
lower inside organs like liver, kidneys, and spleen with PEG in mice 
with HT-29 colon carcinoma. Capecitabine stealth liposomes showed 
a prolonged circulation of drug in plasma, has increased the 
targeting of tumor and also improved therapeutic efficiency. 
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