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Abstract  Purpose: Tamoxifen, an anti-estrogen com-
pound, has recently been figured as a useful agent in
the treatment of certain skin specific disorders. This
recent found application has generated an interest in its
topical formulation in order to avoid the side effects
associated with oral administration, while parenteral
administration is restricted due to its limited aqueous
solubility. Liposomal carriers, well known for their
potential in topical drug delivery, have been chosen to
help transport tamoxifen molecules in the skin layers.
These vesicles are also expected to provide lipid
enriched hydrating conditions to help retain the drug
molecules within the dermal layers, at or near to the
site of action. With this objective, tamoxifen loaded
liposomal systems have been prepared and their topical
performance has been compared with non-liposomal
systems containing tamoxifen. Method: Multilamellar
liposomes of tamoxifen were prepared by thin film
hydration method. Various formulation (viz. lipid
composition, drug-lipid ratio, amount and type of sur-
face charge imparting agent etc.) and process parame-
ters (hydration temperature, hydration time etc.) were
studied to obtain liposomes with desired attributes.
Prepared liposomes were characterized for morpholog-
ical and micromeritic attributes, employing Malvern
mastersizer and optical microscopy. Stability of the
liposomes in terms of their drug holding capacity was
assessed for a period of 5 weeks, on storage under
defined conditions. Liposomal formulations of tamox-
ifen were evaluated for in-vitro skin permeation, using
mice skin. The results thus obtained were compared
with that of aqueous solution and Carbopol gel, con-
taining tamoxifen in equal amounts. Results: Opti-
mized process and formulation parameters resulted in
multilameller, homogenous population of liposomes in

the size range of 1 to 13µm (mean vesicle diameter 5.3
µm), exhibiting normal size distribution. Maximum
loading of tamoxifen was noted to be 57.5% (38.3 µg of
drug per mg of lipids), for liposomes composed of
hydrogenated phosphatidylcholine and cholesterol,
employing 66.6 µg drug per mg of lipids during prepa-
ration. Incorporation of dicetylphosphate or steary-
lamine as charge imparting agent did not influence the
vesicular entrapment of TAM in a favorable manner.
Amongst different storage conditions, the liposomes
stored at 2 to 8°C were found to be most stable, with
only 5% drug loss over the storage period of 5 weeks.
Significantly higher skin permeation of tamoxifen
from liposomal formulations (flux values 63.67 µg/
cm2/h and 59.87 µg/cm2/h for liposomal suspension
and liposomal gel) has been achieved, as compared to
solution (21.65 µg/cm2/h) and Carbopol gel (24.55 µg/
cm2/h) containing tamoxifen. Higher magnitude of
tamoxifen retention in the skin layers was noted with
liposomal formulations vis-à-vis non-liposomal formu-
lations of the drug. Conclusion: Tamoxifen molecules
could be successfully entrapped in the liposomes with
reasonable drug-loading and desired vesicle specific
characters. Higher rate of drug transfer across the skin
with liposomal formulations of tamoxifen, suggests
that the drug in its lipo-solubilised state might have
found facilitated entry into the tough barrier consist-
ing of stratum corneum. The phospholipid enriched
amphiphillic nature of the vesicles can be held respon-
sible for modifying the properties of the keratinised
layer. Integration of phospholipid molecules with the
skin lipids might have served further, to help retain the
drug molecules within the skin, thus leading to pro-
longed presence of drug molecules at the receptor site.
These findings have been seen to support the improved
and localized drug action in the skin, thus providing a
better option to deal with skin-cited problems.
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INTRODUCTION

Tamoxifen (TAM), an estrogen receptor antagonist is
known to be a drug of choice for hormone sensitive
breast cancer (1). It has recently been documented to
have potential in the treatment of dermatological dis-
orders like psoriasis (2-7). TAM is generally adminis-
tered through oral and parenteral route. Despite being
quite effective on oral administration, TAM exhibits
certain side effects like distaste for food, abdominal
cramps, nausea and vomiting. However, its other infre-
quent side effects include endometrial carcinoma, ocu-
lar problems, thromboembolic disorders and acquired
drug resistance on long-term therapy (8-10). The prob-
lems associated with oral administration of TAM,
along with difficulty in parenteral administration
owing to its limited (0.5mg/ml) aqueous solubility, led
the researchers to explore other alternative routes of
administration. Enhanced transdermal delivery of
TAM, employing different penetration enhancers has
been reported (11-12). Topical administration of TAM
has recently been found to be effective in the treatment
of excessive dermal scarring (5). In another study on
topical application of TAM employing different mela-
noma models, percutaneous administration of TAM
yielded higher local tissue concentrations with mini-
mal systemic absorption (13). Similarly, Soe et al.
(1997) evaluated the therapeutic advantage with percu-
taneous application of TAM for the treatment of
tumors (14). Significantly high local (subcutaneous and
skin) concentration of the drug has been achieved,
with lesser drug distribution to other organs. The
authors suggested the potential role of topical applica-
tion, to enhance the therapeutic effect of TAM in the
treatment of cancer. Besides TAM, percutaneous appli-
cation of 4-hydroxy tamoxifen, an active metabolite of
TAM, has also been found to exhibit anticancer activ-
ity (15-17). However, despite such studies for the topi-
cal applications of TAM and its potential in deep-
seated dermatological disorders, no topical dosage
form of TAM has so far been developed. The present
scenario is full of opportunities in this regard, as there
has been a substantial progress in the design and devel-
opment of topical carriers. Amongst the many, phos-
pholipid-based vesicles, i.e., liposomes have been
shown to possess a significant potential.

Liposomes are microscopic structures consisting of one
or more concentric spheres of lipid bilayers, enclosing

aqueous compartments (18). As drug carrier systems
for topical treatment, liposomes have been noted to be
superior over conventional topical preparations. Phos-
pholipids, being the major component of liposomal
systems, can easily get integrated with the skin lipids
and maintain the desired hydration conditions to
improve drug penetration and localization in the skin
layers (19-21). Thus, recognizing the need for topical
delivery of TAM and the promising potential of lipo-
somes, it has been envisaged to entrap the drug into
these carriers. Interestingly, the incorporation of TAM
into lipid bilayers has been viewed to bring additional
benefit of imparting stability to the liposomes. The lat-
ter is related to the cholesterol like structure of TAM,
which on its incorporation in liposomes reduces the
flux of molecules. TAM also inhibits the lipid per-oxi-
dation, besides its ability to influence the fluidity of
liposomal bilayers in a dose-dependent manner (22-27). 

The current study includes the preparation of TAM-
loaded liposomes by investigating the influence of dif-
ferent formulation and process related variables. Vari-
ous parameters viz. percent drug loading (PDL),
vesicular size distribution and drug-leakage profile has
been assessed. Percutaneous permeation experiments
using mice skin have been carried out in-vitro, to inves-
tigate the plausibility of delivery of TAM using topical
route.

MATERIALS AND METHODS

Materials

Tamoxifen citrate (Biochem Pharmaceutical Industries,
India) and saturated soy lecithin (PC; Phospholipon®
90H with phosphatidylcholine content ≥ 97%, Natter-
mann Phospholipids GmbH, Germany) were provided
ex-gratis by the respective sources. Cholesterol
(CHOL), Sephadex G-50 medium (bead size range 50-
150 µm), Dicetyl phosphate (DCP) and Stearylamine
(SA) were procured from Sigma Chemical Co. (St.
Louis, MO, USA). All other ingredients used in the
study were of analytical grade. Double-distilled water
was used throughout the experiments.

Method

Multilamellar liposomes were prepared employing
thin film hydration technique (28). A lipid phase was
prepared by dissolving accurately weighed quantities
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of the drug, PC and CHOL (Table 1) in the chloro-
form-methanol mixture (2:1, v/v), in 250 ml round-
bottom flask containing glass beads. 

Table 1: Effect of drug-lipid ratio and amount of
cholesterol on the TAM loading in PC liposomes.

*Value indicates mean ± S.D. (n=3)

The solvent mixture was removed from the lipid phase
by rotary evaporation at 45-50°C (Buchi RE 121
Rotavapour, Buchi Laboratories AG, Flawil/Sheiz,
Switzerland), to obtain a thin film of lipids on the wall
of the flask and the surface of beads. Subsequently, the
flask was kept overnight under vacuum to ensure the
complete removal of residual solvent. The dry lipid
film was hydrated with saline solution at a temperature
of 60±2°C. The dispersion thus obtained was vortexed
for about 2 minutes. The dispersion was left undis-
turbed at room temperature for 2-3 hours to allow
complete swelling of the lipid film and hence to obtain
vesicular suspension. Liposomes, containing varied
amounts of charge imparting agent, i.e., DCP or SA,
were also prepared employing the same technique.  

Drug entrapment studies

Separation of unentrapped drug from the prepared
liposomes was carried out by mini column centrifuga-
tion method (29-30). Liposomal suspension (0.2 ml)
was placed in Sephadex G-50 column (pre-saturated
with empty liposomes) and centrifuged at 2000 rpm for
3 min. Elutes containing drug loaded liposomes were
collected and observed under optical microscope to
ensure the absence of unentrapped drug particles.
Appropriate amount of elute was digested with chloro-
form-methanol (2:1, v/v) and the clear solution thus
obtained was analyzed spectrophotometerically (U.V./
Visible spectrophotometer, Shimadzu-1601, India) for
the drug content estimation at a λmax of 274 nm. Lipo-
somes prepared without drug were treated in similar
manner and served as blank for the above study. Stud-
ies were conducted in triplicate. Percent drug loading

(PDL) for the prepared liposomes was calculated as in
Eqn 1. 

 (1)

Microscopy and size distribution profile

Prepared liposomal batches were monitored for their
morphological attributes using optical microscope (at
suitable magnification). Size distribution profile of
liposomes was determined by light scattering based on
laser diffraction method employing Malvern Master-
sizer (Model-S, version 2.15, Malvern, UK). 

Storage – stability studies

The ability of vesicles to retain the drug (i.e., drug-
retentive behavior) was assessed by keeping the liposo-
mal suspensions at four different temperature condi-
tions, i.e., 4-8°C (Refrigerator; RF), 25±2°C (Room
temperature; RT), 37±2°C and 45±2°C for a period
of 5 weeks (31). The liposomal suspensions were kept
in sealed ampoules (10ml capacity) after flushing with
nitrogen. Samples were withdrawn periodically and
analyzed for the drug content, in the manner described
under drug entrapment studies. 

In-vitro skin permeation studies

Skin permeation studies with TAM-containing liposo-
mal formulations (liposome suspension and liposomes
incorporated in Carbopol gel), were carried out using
abdominal skin of LACA mice, employing modified
Franz-diffusion cells. The results obtained were com-
pared with that of non-liposomal formulations of
TAM, i.e., aqueous solution and Carbopol gel, con-
taining equivalent amounts of TAM. Briefly, to obtain
skin, animals were sacrificed after getting approval of
the animal ethics committee. Hair on the dorsal side of
the animal were removed with the help of a 0.1 mm
animal hair clipper, in the direction of tail to head.
Dermis part of the skin was wiped 3 to 4 times with a
wet cotton swab soaked in isopropanol to remove any
adhering fat material. Skin was mounted on the recep-
tor chamber with cross-sectional area of 3.801 cm2

exposed to the receptor compartment. Saline solution
(35 ml, 0.9% w/v) was employed as receptor phase and
the temperature was maintained at 37±2°C. Liposo-
mal or non-liposomal TAM formulation (amount
equivalent to 3 mg of drug) was applied uniformly on
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the dorsal side of mice skin. Aliquots of 3 ml were
withdrawn periodically and replaced with same
amount of saline solution to maintain the receptor
phase volume at a constant level. The samples were
quantified spectrophotometerically at a λmax of 274
nm. 

Determination of TAM retention in skin

The ability of vesicles to help retain the drug within
the skin milieu (i.e., depot-effect) was investigated by
determining the amount of drug retained in the skin
samples employed in permeation studies. After com-
pletion of the permeation experiment, skin mounted
on the diffusion cell was removed. The skin was
cleaned with cotton dipped in saline solution and blot-
ted with tissue paper to remove any adhering formula-
tion. Subsequently, the skin sample was homogenized
with 10 ml of chloroform:methanol mixture (2:1, v/v),
for the extraction of TAM. Homogenate suspension
thus obtained was filtered using membrane filter (0.45
µ) and quantified for the drug content.

RESULTS

Preparation of drug loaded liposomes

Various product-influencing variables viz. vacuum,
speed of rotation, hydration media and hydration time
were studied in order to produce TAM loaded lipo-
somes with desired attributes. Rotational speed of the
flask demonstrated marked influence on the thickness
and uniformity of the lipid film. The optimum speed
was noted to be 150 rpm, as the same yielded a uni-
form thin film on the flask and subsequently homoge-
neous population of liposomes. The film was kept
under vacuum overnight to achieve complete drying
and hence, to avoid the formation of emulsion. The
latter may result due to the presence of residual organic
solvent in the lipid film during hydration. Two-minute
vortexing was found to be appropriate to obtain the
liposomal suspension free from aggregates. The process
of vortexing did not affect the percent entrapment of
drug in liposomes, which was confirmed by determin-
ing drug entrapment in liposomes, before and after
vortexing. With regard to the influence of formulation
components on the PDL, different compositions with
varying ratios of drug, PC and CHOL (with or with-
out DCP or SA) were studied. Table 1 summarizes the
influence of drug-lipid ratio and the effect of CHOL

on the PDL of TAM in the liposomes. In case of
CHOL free soy PC liposomes (formulation TM 1 to
TM 4), maximum drug loading of 45.2 percent (i.e.,
45.2 µg drug per mg of lipids) could be achieved using
1:10 w/w drug-lipid ratio during preparation. A fur-
ther improvement of 5 to 12 % in the entrapment of
TM 3 liposomes was noted with the addition of 30 to
50% w/w of CHOL (formulation TM 5 to TM 7,
Table 1). Albeit the PDL was found to increase with
CHOL addition, however, the effective drug-lipid
ratio in the liposomes decreased due to increase in the
total amount of lipids. Surface charge imparting agents,
i.e., DCP and SA were also investigated individually
for their effect on PDL in the TM 7 liposomes. It was
observed that the inclusion of DCP or SA did not
affect the vesicular entrapment of TAM (data not
shown) in a favorable manner. Based on the above
findings, liposomal formulation TM 7 was selected for
further studies.

Characterization and stability profile of liposomes

The size range of TM 7 liposomes was found to be 1 to
13 µm, with 90% of the liposomal population equal or
below 12.9µm. The mean vesicle diameter was found
to be 5.3 µm. Log-size distribution curve (Figure 1)
confirms the normal size distribution of the vesicles. 

Figure 1: Particle size distribution profile of liposomal
formulation (TM 7) of tamoxifen.

The reproducibility of the liposomal formulation with
respect to size was confirmed by preparing the formu-
lation six times, but the statistical analysis was avoided,
as the particle size data was highly reproducible each
time. The Optical photomicrograph of TM 7 lipo-
somes (Figure 2) obtained at suitable magnification
(1000 x) confirms the multilamellar nature of the vesi-
cles.
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Figure 2: Optical photomicrograph of formulated
liposomes loaded with tamoxifen.

TM 7 liposomes were found to be reasonably stable in
terms of aggregation, fusion and/or vesicle disruption
tendencies, over the studied storage period. Liposomes
also retained their multilamellar nature and shape uni-
formity to an appreciable extent. The bar diagram (Fig-
ure 3) depicts the percent drug leakage from liposomes
over the 5 weeks period, at different storage tempera-
tures. 

Figure 3: Extent of drug leakage from TM 7 liposomes at
different storage temperatures.

Substantial loss of drug, i.e., approximately 14 % to 22
% was evident from the samples stored at elevated tem-
peratures, i.e., 37±2°C and 45±2°C, respectively. On
the other hand, at lower temperature conditions, i.e.,
RT and RF, the liposomes could retain 93 % and 95 %
of the incorporated drug, respectively. 

Skin permeation and skin retention studies

Results obtained from in-vitro drug permeation studies
conducted with different formulations of TAM, are
shown in Table 2. 

Table 2: In-vitro skin permeation and skin retention of
tamoxifen from different formulations.

Significant augmentation in the skin permeation of
TAM has been observed (Figure 4) with liposomal for-
mulations vis-à-vis aqueous solution or Carbopol gel. 

Figure 4: Permeation profile of different tamoxifen
containing systems across mouse skin.

The amount of TAM permeated in eight hrs was found
to be 61.7 % and 59.2 % from liposomal suspension
and liposomal gel, respectively, whereas only 32 % and
27 % of the drug permeated in case of aqueous solution
and Carbopol gel, respectively. Higher values of flux
obtained with liposomal suspension (63.67 µg/cm2/h),
and liposomal gel (59.87 µg/cm2/h), than that obtained
with aqueous solution (21.65 µg/cm2/h) and Carbopol
gel (24.55 µg/cm2/h), clearly vouch for the permeation
enhancing effect of vesiculation on the drug. The bar
diagram (Figure 5) indicates the amount of TAM
retained in skin with its different formulations. 
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Figure 5: Amount of tamoxifen retained in skin with
different formulations.

Results of this study clearly depict that the amount of
drug retained in the skin was considerably higher in
case of liposomal preparations, than with non-liposo-
mal formulations. This gave an understanding that
liposomes could not only enhance the penetration of
drug molecules but also helped localize the drug in the
skin.

DISCUSSION

Formulation aspects

Tamoxifen was chosen for encapsulation within the
phospholipid bound closed lamellar systems in order
to explore its potential for topical application. The
encapsulated molecules of the active substance, in the
lipoidal polar-nonpolar folds of liposomes were
expected to be delivered into the skin layers, as desired.

The preparation of TAM loaded liposomes was initi-
ated by studying the influence of drug-lipid ratio on
drug entrapment in vesicles. The drug bearing capacity
of liposomes (i.e., PDL) was found to be invariably
dependent on drug-lipid ratio employed in the liposo-
mal composition. A considerable enhancement in the
PDL values was observed with increase in the amount
of TAM from 5 mg to 10 mg, i.e., upto drug-lipid ratio
of 1:10 w/w (while keeping the amount of lipids fixed,
i.e., 100 mg). However, the values of PDL tended to
decrease with further increase in amount of the drug.
The same may be ascribed to the saturation of liposo-
mal lipid domains with reference to drug, wherein the
net decrease in the PC content provides limited entrap-

ment capacity (32). Incorporation of CHOL enhanced
the percent entrapment of TAM, owing to its cement-
ing effect on the membrane packing. The same would
prevent drug leakage from the bilayer membranes lead-
ing to enhanced drug retention in liposomes (33). Use
of charge imparting agent, i.e., DCP or SA, did not
influence the entrapment of TAM in the liposomal
compartments. This observation is quite contrary to
the earlier reports (32, 34), indicating higher drug
entrapment in the vesicles containing DCP or SA,
which is usually attributed to improved structural
integrity of the vesicles. 

Characterization and stability profile of liposomes 

The magnitude of drug retention within the vesicles,
on storage under defined conditions, ultimately gov-
erns the shelf life of the developed formulation. Accel-
eration in drug leakage at higher temperatures, as
observed in storage-stability studies, suggested keeping
the liposomal product in the refrigeration conditions,
to minimize the drug leakage from liposomal-systems.
Loss of drug from the vesicles stored at elevated tem-
peratures may be attributed to the effect of tempera-
ture on the gel to liquid transition of lipid bilayers
together with possible chemical degradation of the
phospholipids, leading to defects in the membrane
packing (31-33). The drug leakage of less than 5% of
the initial load at refrigeration conditions is well
within the limits, when vesicles are to be advocated for
topical applications.

In-vitro performance of liposomes

Improved skin permeation of TAM coupled with its
enhanced retention in the skin with liposomal formu-
lation can be ascribed to the lipo-solublized state of
TAM molecules. The latter was achieved in the pres-
ence of aqueous and non-aqueous phase of bilayered
systems, a state most ideally suited for drug penetra-
tion. The liposomal phospholipids (also one of the nat-
ural constituent of skin lipids) helped generating and
retaining the required physico-chemical state of the
skin for enhanced permeation of the TAM. Further,
the phospholipid-rich domains of vesicles might have
helped to produce the depot effect for drug molecules.
The latter has been reflected as higher amount of drug
retention within the skin layers in case of liposomal
formulations.
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Thus, the liposomal TAM formulation, with desired
characteristics for topical administration, could be suc-
cessfully prepared. The formulated TAM liposomes
have shown an appreciably enhanced skin permeation
as well as retention of drug molecules in the skin.
These results advocate the extension of this work on a
collaborated platform. The preliminary clinical trials
of the developed liposomal formulation are underway
at the Dermatology department of Post Graduate Insti-
tute of Medical Education and Research, Chandigarh,
India.
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