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Abstract
Aim: Tamoxifen is a nonsteroidal estrogen receptor modulator indicated in the treatment of breast
cancer. Apoptosis has been reported to be a major mechanism for its antitumor effect. Tamoxifen has
also shown significant potential in treating various dermatological disorders including psoriasis, charac-
terized by hyperproliferation of epidermal keratinocytes. An endeavor was made in the current studies
to investigate the potency of vesicle-encapsulated tamoxifen on human epidermal keratinocyte cell
lines. Methods: Drug was encapsulated in the phospholipid-based vesicular systems, namely, conven-
tional liposomes and flexible-membrane liposomes. In vitro cytotoxicity evaluation of the formulations
was carried out employing MTT cell proliferation assay. Results: A composition-dependent strong inhibition
in the viability of epidermal keratinocyte cells was observed. Conclusion: The encouraging findings of this
work construe immense potential of the tamoxifen-encapsulated vesicular systems in the management of
psoriasis.
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Introduction

Tamoxifen (TAM) is a nonsteroidal selective estrogen
receptor modulator widely employed in the chemo-
therapy of breast cancer1,2. It provides effective treat-
ment for the patients with metastatic breast cancer
and reduces the risk of recurrence and death from
breast cancer when administered as an adjuvant ther-
apy. Use of TAM is specifically indicated in postmeno-
pausal women suffering with breast cancer3,4. A case
study reports the treatment of a breast cancer patient
with TAM who was also suffering with chronic plaque
psoriasis. Serendipitously, it was found during the
study that her psoriasis responded quite favorably to
TAM administration5. There are a few more such
reports in support of TAM in the management of
psoriasis6–9.

TAM is currently available only as the oral dosage
forms. Systemic absorption of TAM can result in the
increased risk of endometrial cancer, deep vein throm-
bosis and pulmonary embolism, alteration in liver
enzyme levels, ocular disturbances, etc., accountable to
its wide distribution in the body10–14.

Accordingly to surmount these problems, our
research group developed liposomal systems of TAM
for direct topical application to the target skin sites (i.e.,
breast and psoriatic lesions), which could serve the
desired objectives more efficiently without affecting
other naive body organs15. Development and character-
ization of the test formulations has already been
reported by us earlier16. In this study, we aim to explore
the in vitro cytotoxicity of these developed lipid vesicu-
lar systems employing human epidermal keratinocyte
(HEK001) cell line.
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Materials and methods

Materials

TAM citrate and saturated phospholipid (soya phos-
phatidylcholine; 90H) were the generous gift samples
from M/s. Biochem Pharmaceutical Industries (Mumbai,
India) and Phospholipid GmbH (Nattermannallee,
Germany), respectively. Dimethyl sulfoxide, 3-(4,5-
dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), fetal bovine serum, ethylenediamine tetraacetic
acid, trypsin, cholesterol, and sorbitan monooleate
were procured from M/s. Sigma Chemicals Co. (St.
Louis, MO, USA). The HEK001 (ATCC-CRL-2404™) cell
line and keratinocyte serum-free (KSF) medium were
obtained from American Type Culture Collection
(Manassas, VA, USA). All other chemicals used in the
study were of analytical grade.

Methods

Cell culture and growth conditions
Epidermal keratinocyte cells were grown in the KSF
medium containing 5 ng/mL of human recombinant
epidermal growth factor and 2 mM L-glutamine (with-
out bovine pituitary extract and without serum). The
cells were grown in a CO2 incubator (Thermo Electron
Corporation, Milford, MA, USA) at a temperature of
37°C with 98% humidity and 5% CO2 gas environment.
The HEK cells were grown in a T-75 cell-culture flask.
When the cells were growing in the logarithmic phase
(i.e., about 80% confluent), the culture media was
removed and cells were rinsed with the Ca2+/Mg2+-
free phosphate buffer saline of pH 7.4. To this, 2.0 mL
of 0.53 mM ethylenediamine tetraacetic acid solution
containing 0.05% (w/v) of trypsin was added to detach
the cell layers. Detached cells were dispersed gently by
pipetting into the fresh KSF medium containing 10%
fetal bovine serum. Thereafter, the cell suspension was
transferred into the centrifuge tubes and spun for 5
minutes at 125 × g at 4°C temperature. The supernatant
obtained was discarded and the sedimented cells were
resuspended in the fresh KSF medium. The required
cell suspension (1 × 104/100 μL) was distributed into a
96-well plate and incubated in the CO2 incubator.

Preparation of lipid vesicular systems
Drug-loaded liposomes (TAM-Lipo) for topical applica-
tion were prepared by thin-film hydration technique, as
described previously16. Briefly, a dry film of lipid
(phospholipid and cholesterol; 2:1 weight ratio) was
hydrated in water. The flexible-membrane liposomes
(TAM-FMLipo), on the other hand, were composed of
phospholipid and sorbitan monooleate in a weight ratio
of 4:1. Analogously, the placebo formulations were

prepared employing the identical composition and
methods of preparation, but without the addition of
drug.

Cytotoxicity test
Cell proliferation was studied using modified MTT
assay17,18. The HEK cells (1 × 104 cells) were grown in a
96-well tissue culture plate in 100 μL of complete KFS
medium. The cells were treated with pure drug and
vesicular suspensions (incorporated in 100 μL KSF
medium) at different drug concentrations, whereas the
control cells received the placebo formulations only.
The cells were incubated in a CO2 incubator at 37°C for
48 hours. Cells were then washed twice with phosphate
buffer saline. Thereafter, an aliquot of 20 μL of sterile
MTT solution (2.5 mg/mL in phosphate buffer saline)
was added to each well. Culture plates were gently
stirred on plate-shaker (TitertekTM; Flow Laboratories,
Meckenheim, Germany) and incubated in CO2 incuba-
tor at 37°C for 2 hours. The plates were centrifuged at
1200 × g for 15 minutes. The supernatant was discarded,
whereas MTT-formazon crystals were dissolved in 100
μL of dimethyl sulfoxide. The plates were further stirred
for 20 minutes and the optical density (OD) was mea-
sured at 570 nm taking 620 nm as the reference wave-
length using an ELISA plate reader (Thermo Electron
Corporation). The tetrazolium compound (i.e., MTT)
was bioreduced by cells into colored formazan product
that absorbs light at 570 nm. The viability of cells was
computed from the OD of the MTT-formazon violet
color crystal, as the OD is known to be directly propor-
tional to the number of viable cells present17. The IC50
values of the different tested formulations were calcu-
lated by plotting the graphs of cell viability at different
graded concentrations of drug in the formulations18.
The photomicrographs of the treated cells were taken
with the help of DP-12 digital camera coupled to a 1X-
70 microscope (Olympus, Tokyo, Japan).

Statistical analysis
Two-way analysis of variance was performed, employing
SigmaStat software version 2.0 (Jandel Scientific, San
Rafael, CA, USA), on the raw data of cell viability obtained
with three tested formulations at different dose levels.

Results and discussion

Microphotographs of the HEK001 cell samples following
various treatments are depicted in Figure 1. The photo-
graphs vividly indicate significant reduction in the cell
viability with all the three treatments investigated,
namely TAM, TAM-Lipo, and TAM-FMLipo. Close
supervision of the microphotographs reveal the unam-
biguous superiority of vesicularly entrapped drug (i.e.,
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TAM-FMLipo and TAM-Lipo formulation) in reducing
the cell growth vis-à-vis the free drug. Two-way analysis
of variance on the cell viability data indicates statistically
significant high values of Fisher’s criterion [F(2,12) =
358.42, P < 0.001] for different formulation treatments as
well as for their different dose levels [F(6,12) = 3881.35, P
< 0.001], vouching considerable influence of both stud-
ied treatments and drug dose levels.

Figure 2 portrays quantitative measure of cell
viability of the aforesaid three treatments at various
drug concentrations. As indicated in the figure, all the
tested formulations were found to induce cytotoxicity in
human epidermal keratinocyte cells following 48 hours
of incubation. Significantly higher efficacy (≈twice) was
observed in the case of vesicularly entrapped drug vis-
à-vis free drug. The inset of the Figure 2 vouches for the
same. This enhanced efficacy may be ascribed to the

lipo-solublized state of the drug, owing to its
entrapment within multiple lipoidal domains of
vesicles. Furthermore, the phospholipid lamella in the
periphery of the vesicles may integrate with cell mem-
brane facilitating internalization of the vesicular con-
tents. Several studies19–23 reported in the literature
vouch for such internalization of vesicular content in
cell. Lower cellular uptake may be attributable to the
absence of such facilitated transport in case of free drug.

Conclusion

The encouraging results of this study indicate tremen-
dous promise of vesicular systems in ameliorating the
efficacy of TAM through topical route of administration
for the management of psoriasis. Accordingly, it can be

Figure 1. Effect of various treatments of TAM formulations (equivalent to 30 μg/mL of tamoxifen) on the survival of MCF-7 cells, namely (A)
placebo; (B) free drug; (C) TAM-Lipo; and (D) TAM-FMLipo.

(A) (B)
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concluded that the phospholipid-based vesicular
systems help in generating and retaining the most
favorable physicochemical state of the drug to improve
its cellular interactions.
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