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ABSTRACT

Objectives: Colloidal drug delivery system, solid lipid nanoparticles (SLNs),
helps to increase the solubility of the drug and its oral bioavailability.

Methods: Tamoxifen (TAM) as a nonsteroidal antiestrogen drug was formu-
lated in SLN and an in vitro study was conducted to determine the cytotoxici-
ty effect of TAM-loaded SLNs on human breast cancer cell lines MCF-7 (es-
trogen receptor-positive) and MDA-MB231 (estrogen receptor-negative)
cells. The cytotoxicity was measured by (3-(4, 5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT assay).
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Results: The results showed that tamoxifen-loaded SLNs has an equally
efficient cytotoxic activity against MCF-7 and MDA-MB231 cells, compared
with free tamoxifen, and the half maximal inhibitory concentration (ICso) of

Citation: TAM-loaded SLNs was generally lower than that of free TAM.
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Conclusion: This finding indicates that tamoxifen’s cytotoxicity may result
from improved drug internalization through encapsulation into the SLN matrix
and endocytosis. Therefore, when TAM is incorporated into the SLN carrier
system, its antitumoral activity is still preserved, suggesting that SLN is a
good carrier for the drug insoluble in water.
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Introduction

reast cancer is one the most important

health concerns of the modern society

[1]. The main options for breast cancer
treatment include surgery, radiation therapy and
chemotherapy [2]. The cytotoxic drugs treat can-
cers by causing cell death or growth arrest. Alt-
hough tamoxifen (TAM) was primarily used as a
drug against hormone-dependent breast cancers
[3], it has also been used in the treatment of hor-
mone-insensitive  estrogen  receptor-negative
breast cancers [4]. In addition to anticarcinogenic

and antioxidant effects, TAM also has toxic side-
effects [5-6].

Depending on the administration dose and target
tissues, the function of TAM can be estrogenic or
anti-estrogenic. For example, while TAM is anti-
estrogenic to the breast, it is estrogenic to the
uterus. One of the most adverse and serious side-
effects of postmenopausal TAM therapy seems to
be its proliferated effect on the endometrial tis-
sue. Endometrial disease such as hyperplasia,
polyps, carcinoma and sarcoma has been recog-
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nized in approximately 36% of postmenopausal
patients with breast cancer and in the cases under
TAM treatment. The dose-dependent side-effects
of TAM also include liver cancer, increased
blood clotting and ocular adverse effects such as
retinopathy and corneal opacities. These findings
suggest that small doses given through colloidal
delivery systems would be useful for long-term
therapy of breast cancers [7].

It has been shown that tamoxifen, a nonsteroi-
dalantiestrogen drug, which was recently encap-
sulated in lipid based nanoparticles -solid lipid
nanoparticle (SLN)- shows similar effects as free
tamoxifen by promoting apoptosis in the mam-
mary tumor gland in Sprague-Dawley rats [8].
However, today there is increasing acceptation
for in vitro tests as the method for determining
cytotoxicity and viability of chemotherapeutic
drugs. In the current study, the objective was to
determine the in vitro chemotherapeutic effects
of TAM-loaded SLN on breast cancer cell lines
(MCF-7 and MDA-MB231). The responses of
breast cancer cell lines were determined by (3-
(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT assay).

Materials and Methods
Cells and chemicals

Softisan® 154 (S154) or hydrogenated palm
oil, was a gift from CONDEA (Witten, Germa-
ny). Lipoid S100 (soy lecithin) was a gift from
Lipoid KG (Ludwigshafen, Germany). Thimero-
sal, sorbitol, tamoxifen and tetrazolium salt were
purchased from Sigma (Kuala Lampur, Malaysia)

Preparation of SLN and TAM-loaded SLN

SLN was prepared using the high pressure
homogenization (HPH) technique [11[. Briefly,
70 g palm oil and 30 g soy lecithin were
weighed, mixed and ground in a ceramic crucible
and then heated up to 65 - 70°C until a clear yel-
lowish solution was obtained. A solution consist-
ing of 1mL oleyl alcohol, 0.005 g thimerosal,
4.75 g sorbitol and 89.25 mL re-distilled water
was added to each of the lipid matrices. The mix-

tures were stirred on a magnetic stirrer using a
teflon coated magnet, for 30 min at room temper-
ature. The lipophilic drug model, TAM, with
concentration of 10 mg was dissolved in 1 ml
oleyl alcohol and mixed with 50 mg SLN using
an Ultra Turrax® (lka, Staufen Germany) at
13000 rpm for 10 min. The mixture of TAM-
SLN was then incubated at 50 - 60°C while stir-
ring overnight with a teflon coated magnet at 500
rpm and then exposed to air until solidification.

Treatment of the cells

Breast cancer cell lines (MCF-7 and MDA-
MB231 — ATCC) were maintained in RPMI cul-
ture medium supplemented with 10% Fetal Bo-
vine Serum (FBS), 100 ug/mL streptomycin and
100 IU/mL penicillin at 37°C in a humidified in-
cubator containing 5% CO, / 95% air. The cells
were allowed to grow in 25 cm? cell culture flask
until confluent. The old media was removed and
the confluent cells washed with PBS and de-
tached with trypsin. A haemocytometer was used
to estimate the count. Then, 100 uL of cell sus-
pentions (10° cell/mL) were seeded into a 96-well
plate using culture medium and allowed to reach
confluency. The confluent cells were treated with
TAM dissolved in Dimethyl sulfoxide (DMSO)
and TAM-loaded SLN dispersed in DMSO at
concentration ranging 37.5, 75, 150, and
300ug/mL for 24, 48 and 72 h. The control wells
received 0.1% DMSO as the vehicle. The viabil-
ity of the breast cancer cells versus free TAM
and TAM-loaded SLN concentration was as-
sessed by the MTT assay.

MTT Assay

After the treatment of the cells for defined
time (24, 48 and 72h), 10 pL of (3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) solution (5mg/mL in PBS) was
added to each well and the plates incubated at
37°C for 2 additional hours. Fifty microliters of
DMSO was added to each well and shaken for 15
min. The optical density of the cell suspension
was read on an ELISA reader (Tecan, Magellan,
Austria) at 570 nm after background correction at
690 nm. Average cell viability of treated cells
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was expressed as percentage of the absorbance of
control-treated cells.

Statistical analysis

The data obtained were subjected to statistical
analysis. The differences in means among the
groups were expressed as mean * standard devia-
tion. All the data were subjected to one-way
analysis of variance (ANOVA) followed by Post
Hoc multiple comparison and Duncan test after
verification of the normal distribution of the data.
The Statistical Package for the Social Sciences
(SPSS) version 15.0 (SPSS 2006) was used to
perform all statistical tests and p-value less
than 0.05 were considered significant.

Results

In the MTT assay viable cells are able to re-
duce the water-soluble yellow tetrazolium salt
into a water-insoluble purple formazan com-
pound [9]. The color reaction determined spec-
trophotometically is used as a measure of cell
viability and proliferation [10]. The cytotoxicity
effect of TAM and TAM-loaded SLN on MCF-7
and MDA-MB231 cells are presented in Fig. 1
and Fig. 2.

The results suggest that the TAM-loaded SLN
has an equally efficient cytotoxic activity as free
tamoxifen. Therefore TAM-loaded SLN still pre-
serves the antitumoral activity of the free drug.
The cytotoxicity of TAM-loaded SLN maintains
an antitumoral activity on MCF-7 and MDA-
MB231 cells that was comparable to that of the
free drug (Fig. 1 and Fig. 2). Therefore the bio-
logical activity of tamoxifen is not negatively
affected when incorporated into SLN.

The percent cell viability versus free TAM
and TAM-loaded SLN concentration graph was
constructed using Microsoft Excel and the ICsg
value was calculated by linear interpolation prin-
ciple. Table 1 and Table 2 show the 50% inhibi-
tory concentration (ICsp) of TAM and TAM-
loaded SLN on MCF-7 and MDA-MB231 re-
spectively. The results showed that the 1Csy of
TAM-loaded SLN on the breast cancer cell lines
were generally lower than those for free TAM.
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The 1Csy of TAM and TAM-loaded SLN for
MDA-MB231 cells (ER-negative or ER-
independent) was higher than for MCF-7 cells
(ER-positive or ER-dependent).
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Figure 1. MCF-7 cell viability after incubation with TAM
and TAM-Loaded SLN formulation. (A) after 24 h, (B)
after 48 h and (C) after 72 h. (The percentage of cell viabil-
ity was expressed as a ratio of treated cells to the untreated
control cells. Each point represents the mean + SD of 5
wells).

Table 1. The ICs, of TAM and TAM-loaded SLN formula-
tions on MCF-7 cells after 24, 48 and 72h (n=5)

1Cso
Treatment (Hg/mL)
24h 48h 72h
TAM 1345+046 13.00+0.98 12.50+0.91
TAM-SLN 13.18%°+0.66 12.50°+1.5 11.78°+0.18

All value represent the mean + S. **means in each row
with different superscripts are significantly different ;
P<0.05. TAM, Tamoxifen; TAM-SLN, Tamoxifen-loaded
solid lipid nanoparticles.
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Figure 2. MDA-MB231 cell viability after incubation with
TAM and TAM-Loaded SLN formulation. (A) after 24 h,
(B) after 48 h and (C) after 72 h. (The percentage of cell
viability was expressed as a ratio of treated cells to the un-
treated control cells. Each point represents the mean + SD
of 5 wells).

Table 2. The I1Csq of TAM and TAM-loaded SLN formula-
tions on MDA-MB231 cells after 24, 48 and 72h (n=5)

ICso
(ug/mL)
Treatment 24h 48h 72h
TAM 17.21+1.44 1687197 1597 +0.86

TAM-SLN 16.93+0.82 16.00+0.10 15.80+0.69

All value represent the mean + SD. TAM, Tamoxifen;
TAM-SLN, Tamoxifen-loaded solid lipid nanoparticle

Discussion

The results showed that when TAM is incor-
porated into the SLN carrier system, its anti-
tumoral activity is still maintained, suggesting
that SLN is a good carrier for the drug. Although
the TAM-loaded SLN was dispersed in DMSO,
the final concentration of DMSO in each well
was maintained at 0.1%. At this concentration,
there is no possibility of cytotoxicity on the can-

cer cells. The SLN formulation will help to in-
crease the solubility of the drug and facilitate the
entrapment of high amounts of drug in the nano-
particles.

The mechanisms of ER-independent, TAM-
induced apoptosis may be through the inhibition
of protein kinase C. The ICs, value of tamoxifen
for protein kinase C inhibition is 4 to 10 times the
concentration for ER inhibition in ER-positive
cells. Therefore, the dose of tamoxifen for treat-
ment of patients with ER-positive breast cancer
would have to be increased over the usual 20 mg
per day used. High dose of tamoxifen might de-
crease the therapeutic index by increasing toxici-

ty [12].

In our study the ICso of TAM-loaded SLN on
the breast cancer cell lines were generally lower
than those for free TAM. This indicates that
TAM cytotoxicity may be the result of improved
drug internalization through encapsulation into
SLN matrix and endocytosis [13]. A previous
study showed a similar finding, where there was
reduced MCF-7 cell viability in the presence of
TAM-loaded SLN [14]. It seems that improved
cytotoxicity of incorporated drug is not depend-
ent of the composition on the SLN. In fact it was
reported that the 1Cs value of drug-loaded SLN
composed of different materials were lower than
that of free drug solution [15]. There are at least
two mechanisms that have been associated with
the cytotoxicity of drug-loaded SLN. Using Dox-
orubicin (DOX)-loaded SLN, it was suggested
that the first mechanism involves the release of
DOX from DOX-SLN outside the cells, and the
cytotoxicity of DOX is increased by the nanopar-
ticles. The second mechanism suggested was,
release of the drug inside the cell and thus pro-
duces greater cytotoxicity [16].

Since unloaded SLN is nontoxic [17], formu-
lating TAM Dby incorporating into SLN will po-
tentially enhance the solubility of the drug
through inclusion into the lipid phase and facili-
tating the entrapment of greater amounts of the
drug in the SLN.

Conclusion
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Tamoxifen-loaded SLN like free TAM dis-
played antitumoral activity against human breast
cancer cells. The biological availability of drug is
not affected when incorporated into SLN. There-
fore SLN could be applied as a drug delivery sys-
tem for cancer treatments. In conclusion, the
TAM-loaded SLN, because of its small size,
could not be easily phagocytosed by macrophag-
es and therefore the nanoparticles could be poten-
tially used in long-term circulating carrier system
for breast cancer therapy.
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