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Tamoxifen Increases Membrane Fluidity at
High Concentrations
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There are contradictory results in the literature relating to the effect of tamoxifen on mem-
brane fluidity. The present work investigates the effect of tamoxifen on membrane dynamics
to find out whether the concentration of tamoxifen can be one of the factors in this discrep-
ancy. Turbidity (absorbance at 440 nm) and Fourier transform infrared spectroscopic stud-
ies reveal that tamoxifen causes opposite effects on membrane fluidity at low (1 mol.%)
and high (30 mol.%) tamoxifen concentrations. Low tamoxifen concentrations increase the
absorbance in the gel and liquid crystalline phase, whereas high tamoxifen concentrations
decrease the absorbance in gel and liquid crystalline phase, whereas tamoxifen concen-
trations decrease the absorbance. Observations on both phases show that the bandwidth
of the CH2 stretching bands decreases with 1 mol.% tamoxifen and increases with 30 mol.%
tamoxifen present, indicating a decrease in membrane fluidity at low tamoxifen concen-
trations and an increase in fluidity at high tamoxifen concentrations. It is seen that the
apparent discrepancy in the literature on the effect of tamoxifen on membrane fluidity
mainly arises from the tamoxifen concentration used and the confusion on the concept of
lipid fluidity and lipid order.

KEYWORDS: Tamoxifen; model membrane; phospholipid membrane; FTIR; turbidity;
membrane fluidity; membrane order.

INTRODUCTION

Tamoxifen is the trans geometric isomer of a substituted riphenylethylene. It has
been used in the treatment of breast cancer since 1970, and is frequently used in the
adjuvant treatment of women with breast cancer. It is also used for treating estrogen
receptor positive patients with metastatic breast cancer. Post-menopausal, estrogen
receptor-negative breast cancer patients can also benefit from adjuvant tamoxifen
therapy, and some of the estrogen receptor-independent responses of cancer cells to
tamoxifen may therefore be attributed to interactions of tamoxifen with cellular
membranes [1, 2]. High dose tamoxifen has been used in the treatment of intracranial
malignant gliomas and recurrent high grade gliomas. It has also been used in combi-
nation with chemotherapy in the treatment of metastatic malignant melanomas
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[1, 2]. It acts like estrogen in some tissues, but behaves like estrogen blockers in
others. Estrogenic properties of tamoxifen cause beneficial as well as harmful side
effects. Beneficial estrogenic effects from tamoxifen include a decrease in total chol-
esterol and inhibition of osteoporosis in post menopausal women [3, 4]. Tamoxifen
and derivatives have been shown to protect biological membranes, as well as
membrane-model systems such as liposomes, against free radical mediated lipid per-
oxidation. Observation of this protective action of tamoxifen and its derivatives can
be attributed to molecular modulation of the membrane environment by the interac-
tion of sterols with the particular fatty acid side-chains present in membrane
phospholipids [5].

In common with most anticancer agents, tamoxifen is a highly lipophilic,
amphiphatic molecule, and therefore it may accumulate in the lipid part of the mem-
brane [6]. It is suggested that most of these drugs cause their toxic effects through
incorporation into cell membranes. Studies of the interactions of the drugs with
biomembranes are important in understanding the mechanism of their action.

The effect of tamoxifen on model and natural membranes has been investigated
previously by Fourier transform infrared (FTIR) and fluorescence spectroscopy
[6–13]. These studies reported a tamoxifen-induced disordering effect (increase in
chain flexibility) in membranes [6, 11–13]. On the other hand, there are conflicting
results on the effect of tamoxifen on membrane dynamics. Most of the studies
reported the stabilizing effect of it on membrane, by restricting the mobility of the
lipids [6–10]. However, an increase in membrane fluidity modulated by tamoxifen
was recently reported [12, 13]. It is generally observed that tumor cells become resist-
ant to the drug with which they were initially treated. The reason for this phenom-
enon is still unknown. One of the suggestions for this is the alteration in the dynamic
properties of the cell membrane [14]. For this reason, it is important to have better
understanding of the effect of tamoxifen on membrane fluidity for the determination
of the proper dose to be used in the treatment. In our previous FTIR study we
showed that the addition of tamoxifen, up to 20 mol.%, into DPPC liposomes dis-
orders the lipid acyl chains while, at the same time, decreases membrane dynamics
[6]. The present Fourier transform infrared (FTIR) spectroscopic study and turbidity
measurements at 440 nm have been performed to understand whether higher concen-
trations of tamoxifen exert different effects on membrane dynamics than do lower
concentrations. Such a difference may be one of the reasons for discrepancy reports
in the literature on tamoxifen modulated membrane fluidity.

MATERIALS AND METHODS

Tamoxifen and DPPC were purchased from Sigma (St. Louise, Mo).
For turbidity studies pure phospholipid multilamellar liposomes were prepared

according to the procedure reported in Severcan et al. [15]. Residual solvent was
removed by subjecting the films to vacuum drying by spin-vacuum (HETO-spin vac)
system for two hours. Dry thin film was hydrated by 10 mM phosphate buffer
(pH 7.4). Multilamellar liposomes were formed by vortexing the mixture for 20 min.
at a temperature about 20°C above the main phase transition temperature of the
lipid. Tamoxifen-containing liposomes were prepared by exactly the same procedure
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but in this case, at the beginning of the sample preparation the desired amount of
tamoxifen dissolved in ethanol was first put into a round bottomed flask, excess of
organic solvent was evaporated by nitrogen flux and then phospholipid was added.
Turbidity studies were carried out in a Shimadzu A160 double beam spectrophoto-
meter. The details were reported in Severcan et al. [15]. Turbidity studies are con-
sidered as a special form of light scattering experiments. Scattering is usually
detected by measuring the intensity of radiation at some angle θ to the incident
wave, but it may also be detected by the reduction in the transmitted light with θG
0. The latter is called turbidity [16].

The lipid mixture for infrared measurements was prepared by a procedure simi-
lar to the procedure reported in Severcan et al. [15]. Infrared spectra were obtained
using a BOMEM, MB-157 FTIR spectrometer. 20 µl of sample suspension was
placed between CaF2 windows, separated by a 12-µm mylar spacer. Interferograms
were averaged for 100 scans at 2 cm−1 resolution. The temperature was regulated by
a Unicam Specac digital temperature controller unit and a thermocouple located on
the edge of the cell window. The samples were incubated for 10 min at each tempera-
ture before spectral scanning.

RESULTS AND DISCUSSION

Turbidity studies have been performed at 440 and 550 nm. These wavelength
values have been chosen to minimize light scattering [17]. The technique has been
previously used in model and biological membrane studies to monitor the membrane
phase transition behavior [15, 17–22].

Figure 1 shows the temperature dependence of the absorbance values at 440 nm
for DPPC liposomes in the absence and presence of low (1 mol.%) and high
(30 mol.%) concentrations of tamoxifen. As seen from the figure, the absorbance
decreases for pure DPPC liposomes as the system goes from the gel to the liquid
crystalline phase. This can be explained by the change in turbidity that accompanies
the gel to liquid crystalline phase transition, due to the change in refractive index as
the lipid density changes during melting [18]. The well-known phase transition
observed at 41.5°C is consistent with previous turbidity studies of DPPC membranes
[19, 21]. With the addition of 1 mol.% tamoxifen, the absorbance slightly increases,
however, the absorbance dramatically decreases in the presence of 30 mol.% tamox-
ifen. Similar behavior has been obtained for turbidity studies at 550 nm (not shown).
The decrease in absorbance with the addition of high concentration tamoxifen can
either reflect a decrease in aggregation and fusion (decrease in liposome size) [22],
or most probably indicates an increase in lipid mobility due to the change in refrac-
tive index of the medium [17, 18].

To asertain the opposite effect of tamoxifen at low and high concentration, we
carried out an FTIR study and investigated the CH2 stretching bands. The band-
width of the CH2 antisymmetric and symmetric stretching vibration of the lipid acyl
chain, which appears around 2920 cm−1 and 2850 cm−1 respectively, reflects infor-
mation about the dynamics of the membrane [23, 24].
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Fig. 1. Temperature dependence of absorbance at 440 nm for DPPC liposomes in the
presence of (!) 0 mol.% TAM, (s) 1 mol.% TAM, (&) 30 mol.% TAM.

Figure 2 shows the temperature dependence of the bandwidth of the CH2

antisymmetric stretching bands in the infrared spectra of DPPC liposomes in the
presence and absence of low (1 mol.%) and high (30 mol.%) concentration of tamox-
ifen. With the addition of 1 mol.% tamoxifen into the DPPC membranes, the band-
width decreases both in the gel and liquid crystalline phase. By contrast, the
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Fig. 2. The temperature dependence of the bandwidth of the CH2 antisymmetric stretching bands
in the infrared spectra of DPPC liposomes in the presence of (!) 0 mol.% TAM, (■) 1 mol.%
TAM, (&) 30 mol.% TAM (the bandwidth was measured at 0.75Bpeak-height position).

bandwidth dramatically increases in both phases in the presence of high tamoxifen
concentration. Similar behavior has also been observed for the CH2 symmetric
stretching bands (not shown).

The peak frequencies of the CH2 stretching bands have been examined to see
whether tamoxifen also affects membrane order. The introduction of gauche con-
formers produces shifts in the CH2 stretching bands to higher frequencies [24, 25].
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Fig. 3. The temperature dependence of the peak frequence of the CH2 antisymmetric stretching
bands in the infrared spectra of DPPC liposomes in the presence of (!) 0 mol.% TAM, (■)
1 mol.% TAM, (s) 30 mol.% TAM.

Figure 3 shows the temperature dependence of the frequency of the CH2 antisym-
metric stretching bands in the infrared spectra of DPPC liposomes in the presence
and absence of low (1 mol.%) and high (30 mol.%) concentration of tamoxifen. As
seen from the figure, for pure DPPC liposomes, the system shows two transitions.
A minor transition at 35°C and a more abrupt transition around 41°C which corre-
spond to the pre (Tp) and main phase transition (Tm) of DPPC, respectively. With
the addition of 1 mol.% tamoxifen into the DPPC membranes, a similar phase tran-
sition curve was observed. The main phase transition shifted to a somewhat lower
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temperature and the frequency of the CH2 stretching bands slightly increased in the
gel and in the liquid crystalline phase. Addition of 30 mol.% tamoxifen into the
DPPC system broadens the phase transition curve, shifted the main transition to
lower temperatures and increased the frequency in both phases. The broadening in
the curve implies a loss of cooperativity between the lipid chains with the insertion
of tamoxifen into the DPPC membrane. The increase in the frequency represents an
increase in the number of gauche conformers indicating that tamoxifen disorders the
membrane at high and low concentrations.

The results of present lipid turbidity and infrared study reveal that membrane
fluidity decreases in the presence of 1 mol.% tamoxifen and increases in the presence
of 30 mol.% tamoxifen while a decrease in membrane order is observed for both
concentrations. These results have been observed in both the gel and the liquid
crystalline phase. The results for low tamoxifen concentration are in agreement with
our previous FTIR study on DPPC membranes where we varied the tamoxifen con-
centration between 3–20 mol.% [6]. Wiseman et al. also reported a tamoxifen-modu-
lated decrease in membrane fluidity as measured with DPH fluorescence anisotropy
[8, 9] where low concentrations of tamoxifen were used. Dicko et al. recently showed
that the peak frequency of the CD2 stretching bands of DMPC liposomes in the
FTIR spectra, increases for tamoxifen molar ratio of 25% [13] which is in agreement
with our previous [6] and present findings. However, in that study this disordering
effect(increase in the CD2 frequency) was interpreted as a fluidizing effect. These
two terms, order and fluidity, should be used with care since fluidity refers to the
rate of motion but not to the ordering of the molecular system and no simple relation
between the two quantities is known [26]. In the same study fluidizing effect of
tamoxifen on brain membranes was also reported as determined by fluorescence
depolarization of the probe DPH by stating that their results contradicts with pre-
vious fluorescence studies [8, 9]. In the study of Dicko et al. [13], the tamoxifen
concentration used is close to the higher concentration used in our study. So it seems
that there is no contradiction of this work with previous fluorescence studies [8, 9],
instead the higher tamoxifen concentration used seems to cause the apparent discrep-
ancy. In disagreement with previous data [6–10], Custodio et al. [11] reported a
different effect of tamoxifen in the gel and the liquid crystalline phase. According
to this work, tamoxifen stabilizes the membrane (for low concentration) in the liquid
crystalline phase. Whilst a strong fluidizing effect is observed in the gel phase as
measured by fluorescence polarization of DPH. Recently Luxo et al. [12] used the
same technique to obtain information about the effect of tamoxifen at low concen-
trations, on membrane order and membrane order–disorder transition, interpreting
the disordering effect as a fluidity increase. These studies reveal that, in addition to
concentration effect of tamoxifen on membrane fluidity, the confusion between the
concepts of membrane order and dynamics in the literature may be the reason for
the apparent discrepancy of tamoxifen modulated membrane fluidity.

It is very interesting that tamoxifen destabilizes the membrane at high concen-
trations, opposite to its effect on membrane at low concentration. The precise mech-
anism of action for tamoxifen is uncertain, although many biological effects have
been documented with its use. For this reason, further detailed temperature, compo-
sition and concentration dependent spectroscopic studies on tamoxifen-membrane
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interactions with different techniques are necessary to understand its action mechan-
ism at molecular level. Understanding the effect of tamoxifen concentration will be
helpful in determining the proper dose and will improve the effective use of it in the
treatment of several deseases.
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