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Abstract: In this study the encapsulation of core shell carboxyl CdSe/ZnS 
quantum dots (QDs) by phospholipids liposome complexes is presented. It 
makes the quantum dots water soluble and photo-stable. Fluorescence self-
quenching of the QDs inside the liposomes was observed. Therefore, the 
thermal lens microscopy (TLM) was found to be an useful tool for 
measuring the encapsulation efficiency of the QDs by the liposomes, for 
which an optimum value of 36% was determined. The obtained limit of 
detection (LOD) for determining QDs concentration by TLM was 0.13 nM. 
Moreover, the encapsulated QDs showed no prominent cytotoxicity toward 
Breast cancer cells line MDA-MB-231. This study was supported by UV-
visible spectroscopy, high resolution transmission electron microscopy 
(HRTEM) and dynamic light scattering measurements (DLS). 
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1. Introduction 

Quantum dots (QDs) have shown promising properties for a variety of biomedical 
applications [1], in particular they are useful for in vivo cell labeling, imaging and detection 
[2]. In comparison to organic dyes and fluorescent proteins, QDs offer several unique 
advantages, such as size and composition dependent emission, large optical absorption 
coefficient, very high levels of brightness, a broad absorption spectrum, a narrow emission 
spectrum and high photo-stability. However QDs contain toxic components (e.g. Cd in the 
CdSe/ZnS system studied in this paper), which could be released and kill cells [3]. 
Consequently, their therapeutic application in a biological environment meets challenges in 
delivery to target cells and to specific intracellular sites. Additionally, they are hydrophobic in 
their native state and cannot be dissolved in aqueous media [4]. To increase the 
hydrophilicity, a wide variety of surface coatings have been applied, among them 
polyethylene glycol, proteins, polymers and amine or carboxyl functional groups [5,6]. This 
surface modification often leads to decreases in the QDs fluorescence intensity and photo-
stability [7–11], which requires higher doses of administered QDs for in vivo applications 
increasing the potential toxicity. A direct way to neutralize the toxic effects of QDs is to 
encapsulate them to become biologically inert [12,13]. 

Liposomes, also called vesicles, constitute one of the clinically most established type of 
nanoparticle today, with an extensively investigated pharmacological profile for various 
therapeutic and diagnostic applications [14,15]. They consist on a lipid bilayer (hydrophobic 
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region) surrounding an aqueous phase (hydrophilic compartment) and can be engineered to 
carry different drug molecules of polar or apolar character. They offer a promising solution 
for QDs encapsulation to prevent citotoxity and are good vehicles for the transport of drugs. 
Additionally, their surface charge can be easily modified with established methodologies. 
Unfortunately, the encapsulation of quantum dots by liposomes further decreases their 
fluorescence lifetime and intensity. Generalov et al [16] postulated that fluorescence 
quenching could be attributed to the protein adsorption on the QDs’ surface and the acidic 
environment, which produce a high density of defects on their surfaces, leading to loss of 
quantum yield. This quenching of the fluorescence limits the application of common methods 
used for measurement of the encapsulation efficiency of QDs by liposomes. 

One of the main goals of the presented work is to solve the mentioned above problem by 
applying the recently developed thermal lens microscopy (TLM) for QDs characterization. 
The applied TLM technique is based on the counter propagating pump-probe beams [17] in 
the mode-mismatched optimized [18,19] thermal lens (TL) configuration. Due to the 
fluorescence quenching mentioned above, the non-radiative recombination mechanisms 
following light absorption become important. This fact makes the use of photothermal [20] 
characterization tools useful, in particular thermal lens based methods [18,19]. Malacarne et 
al. [21] reported a theoretical model and experimental results for laser-induced local heating 
in liquids, and proposed a method to detect and quantify the contributions of photochemical 
and Soret effects in several different situations. In fact, this situation may leads to erroneous 
interpretation of experimental results if only one effect is assumed to occur and if absolute 
values need to be determined [21]. However, the contribution of the these effects to the total 
signal is less than 10-20% [22,23] and could be neglected in the case of non absolute 
measurements such as calibration curves for encapsulation efficiency determination and 
photostability quantification. 

The case studied in the present research was carboxyl CdSe/ZnS (Q21321 MP, Qdot 655 
ITKTM) QDs, which have been encapsulated by phospholipids liposomes and whose size 
distribution was measured using both dynamic light scattering (DLS) and high resolution 
transmission electron microscopy (HRTEM). Using a TLM the encapsulation efficiencies of 
QDs by liposomes were determined. The cytotoxic activity against breast cancer line MDA-
MB-231 cells was examined too. 

2. Materials and methods 

2.1 Sample preparation 

CdSe/ZnS QDs encapsulated by phospholipids Liposomes (Lipodots) were prepared 
according to the procedure described in the literature [24]. It was based on dissolving soy 
lecithin and cholesterol (4:1 wt respectively) in an organic solvent, which was a mixture of 
chloroform and methanol (ratio 9:1 volume respectively). The mixture was stirred for 10 
minutes with a magnetic stirrer at 350 rpm. Then, the organic solvents were rotated for 2 
hours in a rotary evaporator (Yamato RE500) at a temperature of 37°C, a pressure of 25 
cmHg and a speed of 50 rpm. As a result of evaporation a lipid film was obtained, which was 
hydrated using a solution of deionized water and propylene glycol (24:1 volume respectively) 
and gently stirred at 50 rpm for 2 hours. Meanwhile, QDs (Qdot 655 ITK, average size of ∼8 
nm) were added to the dispersion. They were purchased from Invitrogen Corp as 8 μM stock 
solutions in 50 mM borate buffer and further diluted in deionized and filtered water to 
necessary concentrations. QDs solutions (1.25, 2.5, 10, 20, 30, 40, 50 nM) were prepared 
from 5, 10, and 40 μl QDs standard stock solutions (in water) and mixed with liposomal 
complexes to obtain the adequate QDs concentration inside the liposomes. 

The average hidrodynamic diameter of empty liposomes obtained by thin-film hydration, 
was in the range 100-300 nm and the average size of lipodots was ∼250 nm. In order to 
reduce the size distribution the liposomal solution was sonicated (Ultrasonic Elma-D78224) 
for 5 minutes at 25 °C, 25 kHz and a 60% potency. To homogenize the size of the liposomal 
formulation the final solution was ultrafiltered through a 0.22 µm permeation membrane 
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(Pellicon XL device, Millipore). This process was performed several times until a clear 
solution was obtained. To get a uniform size of the liposomes, 21 passages were performed. 
The average size of lipodots decreased considerably from 250 to ∼180 nm. Non-encapsulated 
QDs were removed by ultrafiltration at 4000 rpm (rotor radius 14 cm, centrifuge model 5804 
R; Eppendorf AG, Hamburg, Germany) using a 200 nm Vivaspin 6 filter (Vivascience AG, 
Hannover, Germany). When not in use, the liposomes were stored in a refrigerator (6°C). 

CdSe/ZnS working standard solutions in the range between 0.8 and 13 nM were prepared 
from stock solution by appropriate dilution with deionized and filtered water. 

2.2 High resolution transmission electron microscopy 

The nanoparticle structures and sizes were measured using HRTEM (MET JEOL JEM-2100 
operating at 200 kV). One drop of plain lipodots was positioned on a copper grid with carbon 
film for forming a thin film specimen. 

2.3 Size distribution and zeta potential 

The size (hydrodynamic diameter) and distribution of empty liposomes and lipodots were 
determined by dynamic light scattering (DLS) technique (Nano Zeta sizer Malvern, ZEN 
3600). The same technique was used to determine the zeta potential. 

2.4 Thermal lens microscopy 

To select the proper wavelength of the excitation pump ( 0.405=λ nm) and probe 

( 8.632=λ nm) beams, the absorption spectra (measured by a Lambda 650 PerkinElmer) 
was recorded. As shown in Fig. 1 CdSe/ZnS QDs in water (500 nM) showed a broad light 
absorption spectrum with strong intensities in the blue region, which decrease considerably 
towards the red region. 

 

Fig. 1. UV-Vis. Absorption spectrum of 500 nM CdSe/ZnS QD655 QDs in water. 

The scheme of the TLM set-up is shown in Fig. 2 [17]. The excitation and probe beams 
are counter propagating coaxially through the sample and the microscope objective lens. The 
Gaussian (TEM00) 405 nm output wavelength excitation beam from a excitation laser diode 
(LASEVER LSR405ML-200) is electronically TTL modulated in intensity at a 50% duty-
cycle. After reflected by a dichroic mirror, the excitation beam is focused by an inverted 
microscope objective (0.65 NA 40X, SP Nikon) onto a sample (0.4 mm quartz cuvette with 
QDs solutions). The sample is mounted onto a XYZ-translation stage (ThorLabs), which 
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allows to settle the optimal position and focus. The measured spot radius (by the use of a 
beam profiler Thorlabs BP209VIS) is ω0 = 3 μm. The pump beam power measured at the 
sample surface position is 20 mW. The probe beam laser is a 632.8 nm wavelength 
continuous He–Ne laser (JDS UNIPHASE). It is collimated (~4 mm width) by a sets of two 
lenses. Its power is reduced to 1mW before passing through the sample in the region where 
the TL is created, thus avoiding undesirable heating. After that, it propagates through the 
inverted objective which in this way is also used as a condenser to form an image of the TL 
effect at the pinhole plane located in front of a detector photodiode (Thorlabs PDA36A, Si 
Switchable Gain Detector PD), which detects resulting probe beam intensity changes. 
Polarizers placed in front of both lasers eliminate rays coming back to the lasers cavity 
removing feedback or self-mixing effects. An interference filter placed in front of the detector 
allows only the probe beam to reach it. The TL signal registered by the photodiode is 
recovered using a lock-in amplifier (SR830 DSP from Stanford Research Systems) 
synchronized at the modulation frequency and its temporal evolution is visualized by a digital 
oscilloscope (BK Precision 2524). 

 

Fig. 2. TLM experimental setup. 

This technique allows to perform the low concentration measurements [17], used in this 
paper, to determine the encapsulation efficiency of the QDs by liposomes. The methodology 
consists in measuring the PT signal amplitude as a function of known QDs concentrations in 
water, i.e. the calibration curve. Then the unknown concentration of QDs in liposomes is 
determined using the calibration curve. Then, the conversion efficiency can be calculated as 
the ratio of the QDs concentration inside liposomes and the initial concentration of QDs 
mixed with the empty liposomes solution. 

2.5. Cytotoxicity in tumor cells by lipodots 

Breast cancer cells MDA-MB-231 were cultured in plates of 25 cm2. After culturing they 
were placed in an incubator (brand Binder C 150 UL) at 37 °C and 5% CO2. Once they 
reached a 100% confluence, the cells were counted and 96-well plates were seeded with 7000 
cells per well, which were incubated at 37 °C and 5% CO2. After 24 hours, empty liposomes 
and lipodots with different concentrations of quantum dots (0.45, 0.69, 1.17, 1.4, 2.28, 2.41, 
3.6, 7.0 and 13.3 nM) were placed in the cell culture. The cell viability-was analyzed by the 
MTT technique (Thiazolyl Blue Tetrazolium Bromide) at 24, 48 and 72 h. Evaluations were 
performed in triplicate. 

3. Results and discussion 

3.1 Size distribution and z potential 

HRTEM microphotographs show that lipodots are mainly multilamellar vesicles of variable 
sizes between 100 and 200 nm with an average value of 180 nm, which correlate well with 
the values determined by the light scattering method. Figure 3 show the QDs (dark spots) 
encapsulated into the liposomes or their membranes, indicating an efficient loading. 
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Fig. 3. HR-TEM micrographs of the CdSe/ZnSe QDs encapsulated by the liposome complexes 
(lipodots). 

The vesicles size and z potential are summarized in Table 1. Dynamic light scattering 
measurements show that the average size of the liposomes was ∼142.3 nm. QDs loading 
produced an increase to about 180 nm. This corresponds practically to the size determined by 
HRTEM. 

Zeta potential measurements show that the surface potential of empty liposomes is 
negatively charged at approximately −32.7 mV. The zeta potential is an indicator of the 
stability of nanocarriers. A physically stable nanocarrier simply stabilized by electrostatic 
repulsion should have a minimum zeta potential of ± 30 mV [25]. Therefore, most of the 
dispersions prepared in this study were stable enough. The loading of QDs reduces the 
negative zeta potential to −13.1 mV, which is a value similar to other reported in literature 
[26]. Additionally, the presence of nonionic materials in the liposomal bilayers may shield the 
surface potentials. The significant change in the zeta potential (from −32.7 to −13.6mV), after 
QD encapsulation, indicates that, they are also located in the liposome bilayers (see Fig. 3) 
[26]. 

The positive surface charge is an essential issue responsible for increased cellular 
liposome uptake [4,27]. Lipodots used in this study possess a negative charge, what favors its 
bioimaging applications, since cationic surfactants and lipids (in general positive charged 
components) could cause cell damage [28,29]. 

Table 1. Size and z potentials for empty liposomes and lipodots 

 D (nm) St. Dev. Z (mV) St. Dev.
Liposomes 142.3 7.4  −32.7 4.0 
Lipodots 180.0 8.0  −13.6 1.7 

The increase in lipodot sizes (180 nm), comparing to empty liposomes (142.3 nm), may 
be the result of coupling the QDs within both, the phospholipid bilayers inside the outer 
membrane and in the aqueous region (Fig. 3). 

3.2 TL measurements 

Measurements of the TL signal for known concentrations of QDs in water were performed to 
construct the calibration curve shown in Fig. 4 and to determine the limit of detection (LOD) 
of the method. The pump beam power, Pe, was 20 mW and the modulation frequency was 5 
Hz. Each point (red circles) in the curve corresponds to an averaging value of six independent 
measurements. As expected, the TL signal increases linearly with the increase in QDs 
concentration in the water solution. The QDs signal is distinguishable from background 
(empty liposomes in aqueous solution) down to a concentration as low as 0.5 nM. 
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Fig. 4. Calibration curve describing the TL intensity as a function of QDs concentration in 
aqueous solution 0 to 13 nM. The solid line represents a result of a best least squares linear fit 
with R2 = 0.99. Red circles correspond to measurements for QDs in water (without liposomes) 
and the black circles correspond to measurements for lipodots (QDs inside liposomes). The 
inset shows the curve below 5nM concentration for better visualization. 

In the next step, the evaluation of QDs encapsulation was performed by measurement 
different lipodot preparations. For that purpose QDs at stock concentration 1.25, 2.5, 10, 20, 
30, 40, 50 nM were mixed with liposomes and, after processing and filtering, the TL signal 
for each solution was measured. The obtained values were introduced in the calibration curve 
(black circles), so that the concentration of the analyzed species can be determined by 
interpolation, being in the range between 0.45 to 3.60 nM. The LOD was calculated as the 
three-fold standard deviation TLM signal of the empty liposomes in water divided by the 
slope of the calibration curve. The obtained value was LOD = (0.13 ± 0.02) nM and is related 
to the minimal signal achieved for lipodots which can be still distinguishable from the blank 
(empty liposomes in water). Recently, Cruz et al. [30] demonstrated a minimum absorption 
value of water between 360 and 400 nm and we have used a 405 nm excitation wavelength. 
Consequently, the LOD could be further reduced using lower excitation wavelength and 
higher excitation powers. As described above, the conversion efficiency is then calculated for 
each point as the ratio of the QDs concentration achived inside liposomes (lipodots) and the 
initial concentration of QDs mixed with liposomes. 

In Fig. 5, the encapsulation efficiency versus the initial concentration of QDs mixed with 
liposomes is shown. The optimum encapsulation efficiency is 36% at the lowest 
concentration, which is close to the value reported in literature [26], and decreases with 
increase in the concentration until a saturation tendency is achieved around a value of 7%. It 
must be remarked, that this efficiency is related only to the encapsulation of QDs with sizes 
smaller than 220 nm by the liposomes, because bigger QDs were filtered out during the 
preparation process as described above, which means, that the real encapsulation efficiency is 
even higher. This result suggests an optimum quantity of initial solution of QDs to be mixed 
with liposomes and a range between 1.25 and 10 nM seems to be reasonable. We hypothesize, 
that this result could be related to an optimum quantity of the initial concentration of QDs 
mixed with liposomes and to the fact, that there exists a limited place inside liposomes to be 
occupied by QDs. As a definition, the encapsulation efficiency is the ratio of QDs inside 
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lipodots divided by the initial concentration of QDs mixed with liposomes; therefore our 
technique not only determine the encapsulation efficiency but also the optimum quantity of 
the initial concentration of QDs to be mixed with liposomes. 

 

Fig. 5. Encapsulation efficiency as a function of the initial concentration of QDs mixed with 
empty liposomes. The solid line is only for visualization purposes. 

Finally, to test the photo-stability of the samples under long time exposure (e.g. 40 
minutes) to the excitation light beam, experiments were performed using a typical sample (3.6 
nM of lipodots). Figure 6(a) shows the temporal evolution of the TL signal recorded at 5 Hz 
during 40 minutes excitation for the examined sample. As shown in Fig. 6(b), the peak to 
peak TLM signal remains almost constant over the time exposure, indicating that there is not 
photobleaching and that the lipodots system is photostable. 

 

Fig. 6. (a) Temporal evolution of the TL signal at 5 Hz and (b) its peak to peak value during 40 
minutes excitation for 3.6 nM lipodots. The solid line represents the mean of the peak to peak 
values. 

3.3 Cytotoxicity 

Since the application of functionalized lipodots is mainly in bioimaging, it is necessary to 
examine the cell viability at specific concentrations. Thus, experiments were carried out to 
apply different lipodot concentrations into the cell culture. In Fig. 7(a), it is shown the cell 
viability of the lipodots system for concentrations 0.41 to 3.3 nM, after applying to the MDA-
MB-231 cancer cells line. A percent of cellular reduction, during 24 hours, was estimated 
between 5 and 10%, whereas for 72 hours it was between 10 and 18%, depending on the 
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lipodots concentration. When pure QDs were introduced, the effect was significantly reduced. 
This is an important information, in the case of the use of lipodots as biomarkers for in vivo 
imaging. Figure 7(b) shows, that when the concentration increases in the range between 1.7 
nM and 13 nM, there are not significant differences in the cell viability for both lipodots and 
empty liposomes. 

 

Fig. 7. Cellular viability on MDA-MB-231 line cancer cells for concentrations (a) 0.41 nM to 
3.3 nM. L (empty liposomes), L/QDs (lipodots) and QDs (quantum dots), (b) 1.7 nM to 13.3. 

4. Conclusions 

In this work QDs were successfully encapsulated by phospholipids liposome complexes with 
maximum encapsulation efficiency of 36%. HRTEM demonstrates, that QDs were mainly 
located in its aqueous central region, although some in liposomal phospholipid bilayers 
(membranes). The obtained solutions were biocompatible and could be dispersed in aqueous 
phase. The TLM method showed, that QDs located inside liposome complexes can be 
successfully detected. The LOD of presented method was 0.13 nM. The results of TL 
experiments showed, that lipodots present high photothermal conversion efficiency and 
excellent photostability. Dark toxicity study demonstrated, that at low concentrations (1–13 
nM), the CdSe/ZnS QDs were not cytotoxic to the cell line used in this study. 
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