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Research Paper

RA is least prevalent and does not accumulate over 
time in body as it is metabolized rapidly[10]. 

Liposomal drug delivery systems are found to be 
effective for a variety of drugs with such limitations 
through sustained drug release, prevention of 
exposure toxicity and enhanced drug stability[11]. This 
investigations aim was to formulate a liposomal 9-cis-
RA delivery system using 1,2-distearoyl-sn-glycero-
3-phosphocholine (DSPC) and cholesterol as lipid 
core for the treatment of lung cancer. Characteristics 
of this liposomal 9-cis-RA preparation such as size, 
morphology, stability and in vitro drug release property 
evaluated. Percent encapsulation and retinoid level in 
cell lines also were measured. The anticancer effect of 
liposomal 9-cis-RA formulation on A549 cell line was 
evaluated using MTT and trypan blue assays and was 
compared with that of free 9-cis-RA.

Lung cancer being one of the leading causes of cancer 
deaths in the US[1] and worldwide, need special 
attention pertaining to development of new therapeutic 
regimens. Targeted drug therapy using liposomes is an 
intense research area in recent years for cancers having 
complex molecular changes during carcinogenesis. 
A very common human lung cancer cell line, A549, 
established from lung adenocarcinoma of epithelial 
origin in 1972 is being used for most of the anticancer 
and genotoxic studies for lung cancer[2-4]. 9-cis-Retinoic 
acid (9-cis-RA) binds and activates both its receptors 
retinoid X receptor (RXR) and retinoic acid receptor 
(RAR)[5] for producing molecular actions, among the 
both it binds RXRs with greater affinity[6]. Many in 
vivo and in vitro assays on tumour cell proliferation, 
differentiation and apoptosis have proven the 9-cis-RA 
as a promising therapeutic agent[7]. It is synthesized 
and approved as a potential therapeutic agent by the 
USFDA to treat Kaposi sarcoma[8]. But still its clinical 
use is under trials due to limiting challenges such as 
instability, toxic side effects, chirality (isomerization), 
targeted reach, poor pharmacokinetics, and 
development of drug resistance on prolonged use[9]. It 
was reported that, among the isomers of retinoid, 9-cis-
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MATERIALS AND METHODS 

Development of the liposomal 9-cis-RA formulation:

The liposomal 9-cis-RA formulation was prepared 
according to a reported method with slight 
modification[12] using a mixture of DSPC, cholesterol 
and synthetic 9-cis-RA (50:40:10 molar ratio) in 
chloroform in a rotary evaporator, subjected to vacuum 
drying, desiccation and then hydration of dry film with 
PBS (pH=7.4). The developed lipo-9-cis-RA solution 
was then subjected to probe sonication at 70 W for 
30 s. The unentrapped 9-cis-RA precipitated upon 
centrifugation was removed. 

Estimation of the percent drug encapsulation:

For estimating the percent entrapment of 9-cis-RA into 
the liposomes, liposomal solution was centrifuged in an 
ultracentrifuge and the unentrapped 9-cis-RA level in 
the supernatant was estimated on a spectrophotometer 
at 360 nm. The pellets were subjected to lysis in 
absolute alcohol in a bath sonicator since 9-cis-RA 
only dissolves in ethanol. The clear filtrate was then 
subjected to spectrophotometric analysis at 360 nm 
to measure the entrapped 9-cis-RA level. The percent 
entrapment of 9-cis-RA was calculated using the Eqn., 
percent entrapment (%) = (concentration of test 9-cis-
RA/total concentration of 9-cis-RA)×100.

Particle size and morphology analysis:

The Zetasizer Nano was used to measure the random 
size of the developed lipo-9-cis-RA in triplicate 
preparations. Briefly, 1 µm of lipo-9-cis-RA and bare 
liposomes were subjected to dynamic light scattering 
(DLS) analysis. The morphological and average 
particle size of the prepared encapsulated 9-cis-RA 
formulation was investigated in a scanning electron 
microscope (SEM) after gold coating the lyophilized 
samples of bare liposomes and 9-cis-RA-entrapped 
liposomes.

Stability analysis:

The developed lipo-9-cis-RA formulation was divided 
into 3 portions and preserved in a sealed amber vial 
for 60 d in a refrigerator (4-8°), at room temperature 
(25±2°) and in an incubator (37±2°) to determine 
stability at different temperatures. The entrapped 
9-cis-RA content was assayed at 15 d intervals in the 
pellets obtained after ultracentrifugation of the samples 
following the method described under estimation of 
percent drug encapsulation[13].

 9-cis-RA drug release study in vitro:

Membrane dialysis method[14] was employed for the 
evaluation of 9-cis-RA release from the liposomal 
formulation. Briefly, dialysis bags (12 000-14 000 MW 
cut off) were washed and processed in PBS, pH=7.4 
and 75 % ethyl alcohol. The bags were then filled with 
free 9-cis-RA and liposomal 9-cis-RA formulation 
separately, tagged and then immersed in to buffer 
solution with constant stirring (100 rpm) using a 
magnetic stirrer. Portions of buffer solution (2 ml) was 
removed periodically and tested for the level of 9-cis-
RA released using a spectrophotometer at 360 nm and 
the percent drug release was calculated using the Eqn., 
percent drug release = (concentration of released 9-cis-
RA/total concentration of 9-cis-RA )×100.

Anticancer activity estimation with MTT assay:

The A549 lung cancer cell line was procured from the 
NCCS, Pune and maintained in DMEM media with  
10 % serum and antibiotic under a 5 % CO2 atmosphere 
at 37°. The cytotoxicity of liposomal 9-cis-RA 
formulation was analysed on A549 cells using the MTT 
assay[15]. As per the standard protocol, 96 well plates 
were seeded with 5000 cells/well and incubated for  
24 h. The cell lines were then treated with liposomal 
9-cis-RA and free 9-cis-RA in 2 different groups at 
1 µM concentration of 9-cis-RA and incubated for 
different time interval such as 24, 48 and 72 h[16]. The 
untreated and blank liposome-treated cells served as 
control groups. Four hour before completion of the 
reaction, 20 µl of MTT and 100 µl of DMSO was 
added to each well. OD values were measured at 570 
nm using an ELISA reader. The percent cell viability 
was then calculated using following Eqn., percent cell 
line viability (%) = (OD of treated cell lines/OD of 
control cells)×100.

Cell viability study by trypan blue assay:

A549 cells were treated with 1 µM 9-cis-RA and 
liposomal 9-cis-RA at different time intervals of 24, 48 
and 72 h[17]. The control groups were untreated cancer 
cell lines and the blank liposome-treated cancer cells. 
After the treatment, cells were washed with PBS and 
trypsinised followed by centrifugation at 100 g for  
10 min. Then cells were stained with 0.4 % trypan 
blue solution and counted using a haemocytometer. 
The viable cells did not take up the stain and remained 
unstained. Percent viable cells (%) = no. of viable cell/
sum of viable and dead cells×100.
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Analysis of retinoid content in the cell line:

The A549 cell lines were treated with 1 µM 9-cis-RA 
and liposomal 9-cis-RA and incubated at 37° in a CO2 
incubator for 24 h. The cells were then homogenized 
with 250 µl of 10 % ascorbic acid and 250 µl of ethanol 
to extract retinoid. The tubes were vortexed for 1 min 
followed by addition of 2 ml of n-hexane and further 
vortexed. The samples were centrifuged at 2000 rpm 
for 10 min. The hexane layer was removed, evaporated 
to dryness. The residue was then dissolved in 250 µl 
of methanol and the retinoid level was estimated at  
360 nm on a spectrophotometer. From the OD values, 
the concentration of retinoid was calculated using 
standard 9-cis-RA. 

Statistical analysis:

All data were expressed as mean±SD. The statistical 
analysis was done using one-way analysis of variance 
(ANOVA) followed by a Dunnett's test (using GraphPad 
InStat version 3.00; GraphPad Software, Inc., La Jolla, 
CA).

RESULTS AND DISCUSSION

The entrapment efficiency of liposomes of 9-cis-RA 
was found to be 83.33 % at higher drug concentration. 
The particle size found in DLS analysis was 301 d nm 
for free liposome and 648.7 d nm for 9-cis-RA-
entrapped liposomes as shown in fig. 1. The average size 
and morphology of both bare and 9-cis-RA-entrapped 
liposomes are shown in SEM photomicrographs  
(fig. 2). The bare liposomes have shown a coarse sphere 
appearances whereas 9-cis-RA-entrapped liposomes 
appeared as smooth spheres.

The stability of liposomal 9-cis-RA in terms of 
percent entrapped 9-cis-RA under different storage 
temperature at different time interval is shown in  
fig. 3. On observation, the percent entrapment of 

liposomal drug on 30 d of storage at 4° was found to be 
more stable, in comparison to the stability of the drug 
at different temperatures 25° and 37°, which degraded 
significantly. Complete degradation of liposomal 9-cis-
RA occurred on 60th d at 37°. For the measurement of 
release rate of drug 9-cis-RA from liposome was done 
at 37° in PBS, and compared with free 9-cis-RA release. 
Over a period of nine hours the OD measurement was 
taken after every hour at 360 nm. The drug release 
rate is then expressed in terms of percent of 9-cis-
RA released into the buffer through the dialysis bags 
as shown in fig. 4. The results shown a delayed and 
constant release of 9-cis-RA from liposome-9-cis-RA, 
where as a significantly rapid release were observed for 
free 9-cis-RA.

The toxicity of liposomal 9-cis-RA was quantitatively 
estimated by MTT assay (fig. 5), in which the formation 
of formazan dye depended on mitochondrial integrity. 
As a whole, the viability loss was found to be time-
dependent. At 72 h, 1 µM liposomal 9-cis-RA was 
found to be effective in inhibiting the cancer cells as 
indicated by the significantly less viability compared 
to the inhibition shown by free 9-cis-RA. 

Viable cells excluded the trypan blue dye, whereas dead 
cells taken up the dye as an indication of cytotoxicity 
of 9-cis-RA. The percent viability was then calculated 
from the dead cell count and compared with the 
untreated control cell lines and between the treatments. 
Viability was found to be less in liposomal 9-cis-RA that 
is 18±2 % when compared with free 9-cis-RA (fig. 6).

The uptake of 9-cis-RA by the liposomal 9-cis-RA- 
and free 9-cis-RA-treated A549 cell lines was assayed 
by measuring the absorbance of extracted retinoid at 
360 nm. From the standard value for 9-cis-RA, the 
levels of 9-cis-RA present in the retinoid extracts of 
treated cell lines was calculated and were found to 
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Fig. 1: Particle size analysis of liposomal formulations
A. Liposomal 9-cis-RA, Z-average (d. nm): 852.8, PDI: 0.621, intercept: 0.999; B. free liposome, Z-average (d. nm): 1812,  
PDI: 1.000, intercept: 1.18
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be 6.43±0.5033 µg/ml and 10.9±0.5291 µg/ml of 
9-cis-RA, respectively. From this it was inferred that 
the uptake level of 9-cis-RA level was significantly 
more in liposomal 9-cis-RA-treated cancer cells when 
compared with that of in free 9-cis-RA-treated cells. 

Lung cancer is known to be one of the most death-
causing disease in the world. There are different 
treatments available to treat lung cancer such as radiation 
therapy, chemotherapy, and surgery[18], in spite of which 
the lung cancer death rate is very high. This demand 
for newer strategies of treatments such as molecular-
targeted therapy as the gene level control may respond 
better than the other methods of treatment. 9-cis-RA 
is a metabolite of vitamin A, grouped as retinoid 
said to have antimigration, antiinvasion properties 
and to inhibit the growth of tumor cell lines[19]. The 
therapeutic effect of another retinoid all-trans retinoic 
acid has already been studied extensively in different 
in vivo lung cancer mice models as well as on HeLa 
cell line and reported to have an efficient therapeutic 

Fig. 2: SEM analysis of liposomal formulations
A. Liposomal 9-cis-RA showing smooth and spherical shape morphology. B. Free Liposomes showing rough and coarse shape

90.00%

80.00%

70.00%

60.00%

50.00%

40.00%

30.00%

20.00%

10.00%

0.00%
15th day                     30th day                                              45th day                                              60th day

Days

Pe
rc

en
ta

ge
 e

nt
ra

pm
en

t (
%

)

Fig. 3: The stability of drug at different temperatures
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Fig. 4: In vitro drug release of free 9-cis-RA and liposomal  
9-cis-RA
▬♦▬ Free 9-cis-RA; ▬■▬ liposomal 9-cis-RA
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Fig. 5: Cytotoxicity level of 9-cis-RA and liposomal 9-cis-RA on 
lung cancer cell line
Values are expressed in mean±SD (n=6); ***p≤0.001; aA549 
cancer control vs. 9-cis-RA and lipo-9-cis-RA.  A549 Control; 
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Fig. 6: Inhibition in the growth of A549 cells after treatment 
with increase in time period
Values are expressed in mean±SD (n=6); ***p≤0.001; aA549 
cancer control vs. 9-cis-RA and lipo-9-cis-RA.  A549 Control; 

 free liposome;  9-cis-RA;  liposomal 9-cis-RA
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effect[20-23]. 9-cis-RA regulates cell differentiation, and 
proliferation by binding to the RXR and also to the 
RAR, which forms the heterodimer complex and then 
binds with retinoic acid receptor responsive element[24].

Cancer treatment with suitable vehicle molecule is now 
gaining clinical acceptance and is under clinical trials 
for many cancer drugs, which are found to be ineffective 
when used in free form. Liposomes are gaining popular 
areas of research interest owing to the inherit, nature 
which includes high degree of biocompatibility, 
flexibility in their fabrication techniques and 
encapsulation of both the hydrophilic and hydrophobic 
drugs at large amount inside the vesicles[25]. Liposomes 
has drug retention control and increase cell uptake 
of drug by target cell fusion technique and liposome 
encapsulated drug has been found to be effective in 
inhibiting cancer with minimized side effects[26,27]. 
However liposomes prepared using different 
constituents have shown defects too in terms of charge, 
stability and targeted delivery. Several comparative 
studies have shown that the neutral liposome such as 
DSPC is a better choice for drug delivery as it induce 
very less immune response with reduced drug clearance, 
resulting in long term blood circulation[28]. Based on 
the literature, DSPC liposome was used in this study. In 
the present study, a DSPC/cholesterol liposomal 9-cis-
RA nano-formulation was developed for better drug 
delivery to the lung cancer cells, thereby enhancing 
the therapeutic effect. Liposome encapsulated 9-cis-
RA was prepared by incorporating 9-cis-RA into lipid 
emulsion. This liposomal formulation has the ability to 
alter the distribution characteristics and also enhances 
the inhibition of lung cancer. The liposomal 9-cis-RA 
developed in our study has shown good entrapment 
efficiency and was found to be in nano size with great 
stability and controlled drug release capacity compared 
with free form of 9-cis-RA. The previous reports 
suggested that the 9-cis-RA actively inhibits the cell 
proliferation, regulates cell differentiation and induce 
apoptosis in various types of cancers[29-31]. Especially in 
lung cancer, 9-cis-RA showed an efficient therapeutic 
effect as a combinatorial drug on in vitro and in vivo 
lung cancer models[32,33]. The in vitro anticancer study 
has shown a significant cytotoxicity as indicated by 
the percent inhibition on cancer cell growth. Choi 
and his research group used different concentration 
of 9-cis-RA to treat A549 cells and showed that 1 µM 
concentration of 9-cis-RA resulted in efficient growth 
inhibition[16]. Thus, we used 1 µM concentration of 
9-cis-RA for treatment of lung cancer cell line in this 

study. Our results revealed that the lipo-9-cis-RA at this 
concentration has shown a potent growth inhibition 
than the free 9-cis-RA. This may be due to the reason 
that the uptake level of 9-cis-RA in cancer cells is 
more for lipo-9-cis-RA treatment when compared with 
free form treatment, which might have initiated the 
molecular induction within cells leading to cell death. 
There was no significant cytotoxicity observed in 
liposome alone-treated group compared with untreated 
cancer cells. However pre-clinical in vivo trials with 
such lipo-9-cis-RA are required to further validate its 
efficiency.

In this study A549 cell lines derived from a lung 
carcinoma is used to study cytotoxic effect. The 
liposomal 9-cis-RA controls the cell line growth more 
than the free 9-cis-RA does, by enhanced delivery of the 
9-cis-RA in to the cells which is indicated by the uptake 
level of 9-cis-RA by the A549 cell line. The developed 
formulation of liposomal 9-cis-RA showed high 
stability, gradual drug release and efficient delivery to 
the target site. This showed that this formulation would 
be the effective drug to treat lung cancer, and further 
studies are needed to analyse the targeted molecular 
genes, which helps to suppress the cancer.
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