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One step preparation of quantum dot-embedded lipid 

nanovesicles by a microfluidic device 

A. Zacheo a,b
 *, A. Quarta b, A. Zizzari a, A. G. Monteduro a,b, G. Maruccio a,b

, V. Arima b, 
and G. Gigli a,b 

Synthetic carriers that mimic “natural lipid-based vesicles” (micro/nanovesicles, exosomes) have found 
broad application in biomedicine for the delivery of biomolecules and drugs. Remarkable advantages of 
using synthetic carriers include the control over the lipid composition, the structure and the size, together 
with the possibility to add tracer molecules to monitor their in situ distribution via fluorescence 
microscopy. Over the past years, new methods of vesicles production have been developed and 
optimized, such as those based on microfluidic techniques. These innovative approaches allow to 
overcome the limitations faced in conventional methods of liposome preparation, such as size 
distribution and polydispersity. Herein, a Microfluidic Hydrodynamic Focusing (MHF) device has been 
used for the production of lipid-based vesicles with different lipids combination that resembles natural 
exosome, such as phosphatidylcholines (PC), cholesterol (Chol), dicetyl phosphate (DCP) and ceramide 
(Cer). Thanks to a fine control on fluid manipulation, MHF device allows preparation of vesicles with 
controlled size, a relevant feature in the emerging field of carrier-assisted cell-delivery. Interestingly, 
PC/Chol/Cer vesicles exhibit low polydispersity and high stability up to 45 days. Later on, quantum dots 
(QDs) were successfully embedded in these vesicles through the same preparation process. The 
development of QDs-embedded lipid nanovesicles by MHF device has never been described previously. 
 
 

1 Introduction  

Local delivery of therapeutic biomolecules (such as peptides, 
proteins, antibodies, enzyme, drug) to specific cell populations by 
means of “carriers” has attracted considerable attention during the 
past decades for several applications in biology and medicine, 
ranging from basic biophysical studies to treatment of diseases. 1, 2 
In this field, significant results have been obtained through the 
design of synthetic lipid-based systems, called “liposomes”, that 
mimic “natural vesicles” thanks to their capability of providing drug 
protection against metabolism, controlled release, prolonged 
circulation time, reduced toxicity and cell/tissue targeting for the 
treatment of a variety of diseases. 3 
Among natural vesicles, exosomes are of great appeal as carriers: 
they display small size (with a diameter from 50 to 150 nm) and high 
level of stability due to the peculiar composition of the lipid bilayer. 
Indeed, they are enriched in cholesterol, saturated fatty acid (as 
phosphatidylcholines) 4 and unique and distinct lipids, such as 
ceramide. 5 
In the light of above, synthetic vesicles may be designed to mimic 
natural ones through a fine control of their structure and composition 
in order to make them properly tailored for the desired target, with 
the possibility to add tracer molecules to monitor their in situ 

distribution via fluorescence microscopy. 6 
In the last decade, thanks to their unique optical properties (i.e. great 
photostability, broad excitation wavelengths and narrow emission 
spectra), QDs have been broadly employed as tracers for labeling 
cellular populations or subcellular compartments, for tracking 
processes/interactions at the nanoscale, and for imaging of either 
fixed or living specimens. 7-10 

 
 
Bio-imaging studies with QDs-containing liposomes have been also 
reported to track their localization at the tumor site after in vivo 
injection 11 or to target biomolecules in normal or pathological tissue 
specimens.12, 13 
It is worth to note that controlling liposome size and size 
polydispersity is very crucial for efficient cellular uptake and 
extended circulation time.14 Indeed, several studies have described 
how the specific applications of liposomes are governed by their size 
and structure, and how these factors can be influenced by several 
parameters (such as pH, temperature, buffer solution and lipid types) 
and by the preparation procedures.15-19 
So far, several preparation methods have been developed. 
Conventional techniques (such as detergent dialysis 12, 20, sonication 
13, 21, film hydration method 22, solvent injection technique23) remain 
popular as they are simple to implement and do not require 
sophisticated equipment. However, they are often limited by several 
drawbacks, including heterogeneous size distribution, high 
temperature exposure and incomplete removal of the organic phases 
that could alter the phospholipid stability and the cargo molecules.  
Over the years, new methods of liposome production have been 
explored and optimized to overcome these limitations. Among them, 
microfluidic technologies like micro hydrodynamic focusing (MHF) 
24-26 single hydrodynamic focusing (SHF) and double hydrodynamic 
focusing (DHF) 27 offer a precise control over the liposome size and 
polydispersity. Other techniques are available and an exhaustive 
description of them can be found in two recent reviews. 28, 29 
Herein, a MHF device (Fig. 1) has been used for the production of 
lipid-based vesicles that resemble natural exosome in terms of lipid 
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composition and dimension. Moreover, the novelty of this approach 
lies in the possibility to incorporate nanocrystals within the vesicles 
in one single step. 
 
Different combinations of lipids that are generally present in natural 
exosomes, such as phosphatidylcholines (PC), cholesterol (Chol), 
dicetyl phosphate (DCP) and ceramide (Cer), were considered (see 
Table S1 in ESI). The effects of different flow rate ratios (FRRs) 
(9:1; 18:1) and total volumetric flow rate (Qt) on vesicle size and 
polydispersity index (pdi) were investigated, as well as their stability 
over time. 
Additionally, fluorescent nanocrystals (QDs) displaying different 
emitting colors and sizes were incorporated into the vesicles, thus 
showing the versatility of the approach here presented. Notably, the 
incorporation of QDs enables fluorescent tracking of the vesicles 
with regard to future applications as imaging and delivery tools.  
 

 
Fig.1 a) Photograph of the microfluidic device. b) Optical images of 

microchannels in MHF device in which the IPA/lipid solution is 

focused into a narrow stream (central channel) by the two later 

aqueous buffer. The two oblique side channels (65 µm nominal 

width) intersect with the central channel at an angle of 45°. The left 

center inlet channel was 42 µm nominal width and the mixing 

channel was 65 µm nominal width  and 10 mm long; all channels 

were 120 µm deep. Scale bar 200 µm. 
 
 

2 Experimental procedure 

2.1 Materials 

Isopropyl alcohol (IPA), Acetone, hydrochloric acid (HCl), 
ammonium fluoride (NH4F), and hydrofluoric acid (HF) were 
purchased from Sigma–Aldrich (Taufkirchen, Germany). The 
resist AZ9260 and the AZ400k developer were purchased from 
MicroChemicals (Ulm, Germany). The etchant solution was 
purchased from Poletto Aldo s.r.l. (Noventa di Piave, Venice, 
Italy). Chloroform from J.T. Baker, phosphate buffered saline 
(PBS, 13,8 mmol/L NaCl, 2.7 mmol/L KCl, 8 mmol/L 
Na2HPO4, 1.5 mmol/L KHPO4  pH 7.4) from Dulbecco.  
1,2-dilauroyl-sn-glycero-3-phosphocholine (PC, 12:0), 
cholesterol (ovine wool >98%, Chol), and N-lauroyl-D-erythro-
sphingosine (saturated ceramide, D18:1/12:0 Cer) were 
purchased from Avanti Polar Lipids; dicetyl phosphate (DCP) 
was obtained from Santa Cruz Biotechnology. The molecular 
formulas of the lipids are reported in Table S1. Commercially 
available B-270 glasses, cut in 2.5 cm x 5 cm x 1.1 mm (width 
x depth x height) slides and covered with 450 nm-thick 
Chromium (Cr) layer (Telic, USA), were used as solid 
substrates for MHF device fabrication.  
 
2.2 Lipid mixture preparation 

Lipid stock solutions were prepared with PC (5 mM) alone or with 
different lipid combinations: 5:4:1 molar ratio mixture of 
PC:Chol:DCP or PC:Chol:Cer at a total concentration of 5 mmol/L  
in chloroform. The chloroform was evaporated at room temperature 
over night to form a thin film at the bottom of the glass tubes. 

Samples were then placed into a vacuum desiccators for at least 24 h 
to ensure complete chloroform removal. Successively, the dried film 
was dissolved in IPA at 5 mM total lipid concentration. For the 
preparation of QDs-vesicles, orange or green-emitting QDs were 
added to IPA/lipid mixtures at two different concentrations (for both 
of them 0.2 and 0.6 µM).  
 
2.3 Microfluidic Hydrodynamic Focusing (MHF) device 

fabrication 

All glass substrates were cleaned with acetone and IPA. A designed 
pattern was transferred from a photomask (J.D. Photo-tools 
Ltd.,Oldham, Lancashire, UK) to the photoresist layer (AZ 9260) 
lying on the glass substrate, via UV light exposure. The photoresist 
was then developed, followed by removal of the exposed chromium 
layer using the etchant solution, thus revealing the microchannels 
onto the glass substrate itself. Exposed glasses were then wet-etched 
with a buffered oxide etchant (BOE) solution prepared as reported in 
Zacheo et al. 30 Wet etching procedure was performed by using a 
microwaves reactor system, operating at a frequency of 50 GHz 
(Anton Paar Multiwave 3000, Labservice Analytica s.r.l., Italy).30 
Next, inlet and outlet holes were drilled on the etched substrates 
before sealed microchannels by thermal bonding. Finally, capillary 
tubes were connected with the inlet and outlet holes. 
 
2.4 Preparation of PEG-modified QDs 

Orange-emitting core/shell CdSe/ZnS QDs (with a TEM size of 
approximately 4.7 ± 0.4 nm and a DLS size of 6.7 ± 0.5 nm) were 
synthesized according to reported protocols. 31 The surfactant-coated 
QDs were made water soluble wrapping them within a polymer shell 
(DLS size 13.9 ± 1.1 nm). 32 Then, they were functionalized with 
monoamino PEG molecules (DLS size 17.3 ± 1.2 nm) 33: in details, 
monoamino PEG 750 Da (500 µM) and EDC (30 mM) were added 
to a QD solution (5 µM). Equal volumes of the three solutions were 
mixed and stirred for 2 h, prior to be washed several times by means 
of centrifugal filters. 
The same preparation procedure was also used to prepare PEG-
coated green-emitting QDs (TEM size of approximately 4.1 ± 0.3 
nm). TEM images and gel electrophoresis characterization of both 
QDs are reported in Figure S1. 
 
2.5 Vesicles Preparation in MHF device 

In this approach, an aqueous buffer flows along two opposite lateral 
channels of the device, while a lipid solution in isopropyl alcohol 
flows between the aqueous layers along the central mixing channel 
(see Fig. 1b). 
As the aqueous buffer diffuses into the lipid stream and dilutes the 
alcohol, the polarity of the lipid solvent increases, lipids became 
progressively less soluble and tend to assemble spontaneously into 
spherical vesicles.  
Vesicles were synthesized by injecting a IPA/lipid mixture (or 
IPA/lipid/QDs mixture, when required) from the left center channel 
while injecting PBS into the two oblique side channels (Fig. 1b). 
Buffers were injected by using syringe pumps (Ugo Basile, 
Biological Research Apparatus, model KDS270). All fluids were 
filtered with 0.2 µm pore sized filters (Anatop, Whatman, NJ) to 
prevent particulate contamination and clogging of the microfluidic 
device. Vesicles were synthesized at different Flow-Rate-Ratio (FRR 
9:1; 18:1 of PBS buffer to alcohol-lipids), at different total 
volumetric flow rate (Qt) (6.33, 19, 37, 57, 74 and 171 µl/min). 
 
2.6 Trasmission Electron Microscopy (TEM) and Scanning 

Electron Microscopy (SEM) 

Low-Magnification TEM images were recorded on a JEOL Jem1011 
microscope operating at an accelerating voltage of 100 KV. Samples 
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were prepared by directly dropping few microliters eluted from the 
device onto carbon coated copper grids and allowing to dry under air 
prior to imaging. SEM images were recorded in high vacuum and 
high-resolution acquisition mode using a Carl Zeiss Merlin 
instrument, equipped with Gemini column and an integrated high 
efficiency In-lens SE (secondary electrons) detector. Samples were 
prepared by directly dropping few microliters eluted from the device 
onto silicon substrates and allowing to dry under air prior to 
imaging. 
 
2.7 Optical characterization and elemental analysis 

The incorporation of QDs in the vesicles was confirmed by 
Photoluminescence (PL) measurements. PL spectra were recorded 
using a Cary Eclipse spectrofluorimeter. All sample were excited at 
450 nm.  
QDs concentration was assessed by means of inductively coupled 
plasma atomic emission spectrometry (ICP-AES, Varian 720-ES) 
through the preparation of a Cd calibration curve. 
 
2.8 Dynamic Light Scattering (DLS) 

The structural characterization of the vesicles (mean diameter, 
polydispersity index and surface charge) was evaluated by dynamic 
laser scattering (DLS) and Zeta potential measurements on a 
Zetasizer Nano ZS90 (Malvern, USA) equipped with a 4.0 mW 
He−Ne laser operating at 633 nm and with an avalanche photodiode 
detector. Measurements were made at 25 °C in water. Each sample 
was measured three times and the reported values are indicated as an 
average over the values obtained on these measurements and the 
error calculated as standard deviation. All experiments were repeated 
at least twice to ensure repeatability.  
 
2.9 Differential Scanning Calorimetry (DSC) 

The lipid melting temperature (Tm) was measured for pure PC, and 
for either empty- and QDs-embedded PC/Chol/Cer vesicles. For this 
purpose, DSC measurements were performed with a Q2000 DSC 
(TA instruments) on approximately 25 µL of vesicles suspensions in 
sodium phosphate buffer containing 15% (vol/vol) of ethylene glycol 
to prevent freezing. The measurements were performed in the 
temperature interval from -20 to 10 °C, with 0.5 °C min−1 scan rate. 
 
 

3 Results and discussion 

Lipid-based nanovesicles made of either pure PC (5 mM in IPA) or 
different lipid combinations (5:4:1 molar ratio mixture of 
PC/Chol/DCP or PC/Chol/Cer) were synthesized by a MHF device 
at room temperature. MHF device allows to control the vesicles size 
by modifying the ratio of the flow rate in the side inlet channels 
(PBS buffer) compared to the center inlet channel fed with lipids in 
IPA. All experiments were repeated at least two independent times 
to ensure reproducible results. The structural characterization of the 
vesicles (MHD, pdi and surface charge), and their stability over time 
(up to 45 days, in some cases) were assessed by Dynamic Light 
Scattering (DLS).   
Due to their higher stability and lipid composition, PC/Chol/Cer 
were successively synthesized with the addition of QDs. TEM and 
SEM images, and emission spectra were also acquired for QDs-
embodying vesicles.  
 

3.1 Preparation of exosome-like vesicles 

With the aim to produce lipid vesicles that resemble natural exosome 
in terms of dimensions and lipid composition, initially saturated 
phospholipid-based vesicles, such as formed from pure PC, were 
synthesized and characterized. The smallest MHD was 44±1 nm (pdi 

of 0.26) produced from a 5 mM PC solution at FRR 18:1 with a total 
volumetric flow rate (Qt) of 37 µl/min. Vesicles produced at higher 
Qt (74 µl/min) in the same conditions, resulted in the same MHD 
(44±1 nm with a pdi of 0.28) proving that vesicles size distribution 
remain nearly unaffected by the Qt. 

24, 34 Size distribution of PC 
vesicles formed at different Qt 37 µl/min and 74 µl/min for a 
constant FRR (18:1) and their stability up to 7 days are reported in 
Table S2.  
 
DLS measurements of pure PC vesicles formed at Qt 74 µl/min and 
the evolution over time of the pdi are well illustrated in Fig. 2a. 
After 7 days from the preparation, the mean size of the vesicles 
remains constant (Table S3), but the intensity of the main peak at 
about 44 nm decreases from 93 % to 77 %. It also becomes larger 
and new peaks with a very broad shape are originated (at 396 nm 
after 7 days and at 531 nm after 5 days, indicated by the arrows). 
Considering the estimated dimensions of these new particles, they 
can be likely due to the interaction between multiple vesicles and 
consequent aggregation. Accordingly, the evolution of the pdi during 
the time can be explained with the formation of larger vesicles due to 
the coalescence of the smaller ones.  
 

 
Fig. 2. Size distribution and pdi evolution on a) pure PC  and b)  

PC/Chol/Cer vesicles formed at Qt 74 µl/min, FRR 18:1, and 

monitored for a week. Curves were shifted vertically for better 

graphic representation. 
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Moreover, larger vesicles were produced at FRR 9:1 for different Qt 
(206 ±14 , pdi of 0.4, and 215±22 nm, pdi of 0.3, for 19µl/min and 
57µl/min respectively).  
 
The lipid composition also plays a significant role on vesicles size 
distribution, even working under the same experimental conditions 
(same channel size, lipid concentration of 5 mM and FRR). Larger 
liposomes were produced working at a molar ratio of 5:4:1 of 
PC/Chol/DCP or PC/Chol/Cer. This effect can be ascribed to the 
presence of cholesterol, a large molecule that strongly increases 
rigidity of the lipid bilayer at room temperature. This, in turn, affects 
the bending elasticity modulus, resulting in an overall growth of 
particle size, as already reported by Zook et al. 25 Indeed, DLS 
measurements on vesicle formed respectively with pure PC, 
PC/Chol/DCP and PC/Chol/Cer at Qt= 74 µl/min show that the 
MHD increases from 44.±1 nm in pure PC vesicles up to 146±5 nm 
for PC/Chol/DCP and 112±2 nm for  PC/Chol/Cer. (Table S3 and 
Table 1). The introduction of more components in the vesicles 
resulted in a slightly larger standard deviation of the MHD since 
fluctuations in the incorporation of large molecules can easily create 
a higher variability. 
Moreover, the lipid composition can influence other features, such as 
the superficial charge (SC). DCP, as an example, confers a negative 
charge, thus providing electrostatic stability to the resulting 
liposome, minimizing aggregation. As expected, a negative surface 
charge (SC) of -34±3.6 mV has been recorded for PC/Chol/DCP 
vesicles due to the ionization of phosphate groups. 
However, the most interesting result was the amazing low 
polidispersity and stability of ceramide containing vesicles (Fig. 2b), 
as already reported in literature for liposome containing ceramide. 35 
Moreover, saturated ceramide has been shown to promote the 
formation of highly ordered gel domains thus favoring the 
membrane stability. 36 As reported in Table 1 (and Fig. 2), a pdi of 
0.08 was calculated soon after the preparation and it increased at 
0.25 after 7 days from the preparation. Small fluctuations have been 
registered even later on, after 45 days: their MHD increases of 8%, 
and pdi was still below 0.3. (See Fig. S2 and Table S4 for 
measurements up to 45 days) 
 

 MHD 
(nm) 

SC (mV) pdi0 pdi7 

PC 44.±1 -  2.5±1.7 0.28±0.04 0.39±0.09 
PC/Chol/DCP 146±5 -34.0±3.6 0.16±0.02 0.29±0.04 
PC/Chol/Cer 112±2 -  3.1±0.7 0.08±0.01 0.25±0.03 

Table 1. Mean hydrodynamic diameter (MHD), surface charge (SC) 

and the polydispersity index soon after preparation (pdi0) and after 

7 days (pdi7) of respectively PC, PC/Chol/DCP and PC/Chol/Cer 

vesicle types (FRR=18:1, Qt = 74 µl/min).  

 
 
To achieve a morphological characterization of the PC/Chol/Cer, 
some TEM and SEM images were acquired: empty vesicles show 
spherical shape and monodisperse size distribution (Fig. 3a and 4a 
for TEM and SEM analysis respectively). Moreover, the vesicles 
show a size reduction of around 25% with respect to DLS analysis, 
likely due to the dehydration step occurred during the sample 
preparation (air-drying step). 
 
 
3.2 Preparation of QDs-embedded liposomes 

Thanks to their stability, PC/Chol/Cer vesicles were selected for 
QDs embedding. 
Preliminary experiments were performed with TOPO-coated QDs 
dissolved in chloroform, but the prepared vesicles did not contain 

QDs, that were observed outside the vesicles, as evidenced by TEM 
imaging (data reported in Fig. S3a). 
Thus, prior to their incorporation within the vesicles, QDs were 
modified in order to make them soluble in lipids-alcohol solution but 
also compatible with the aqueous environment. Surfactant coated 
QDs were first transferred into water by means of a polymer 
encapsulation procedure, 32, 33 and then were modified with 
Methoxy-PEG. PEG-modified QDs were dispersed in IPA-lipid 
mixture, and the solution was stored for several months at 4°C 
without evidence of precipitation or aggregation.  
Several parameters, such as microfluidic flow rate (Qt= 74 µl/min 
and 57µl/ml) and QDs concentration, needed to be optimized  37 in 
order to allow QDs embedding and to preserve vesicle integrity and 
morphology. QDs-embedded vesicles were then analyzed via TEM  
(Fig. 3) and SEM (Fig 4a, b, c) imaging.   

 
Fig.3 TEM images of a) empty- and b, c, d) QDs-embedded 

PC/Chol/Cer vesicles. The vesicles produced at b) FRR=18:1, Qt = 

74 µl/min, and 0.15 µM QDs concentration; c) FRR=9:1, Qt = 57 

µl/min, and 0.15 µM QDs concentration; d) FRR=9:1, Qt = 57 

µl/min, and 0.45 µM QDs concentration. 

 

At FRR=18:1, Qt = 74 µl/min, and QDs concentration equal to 0.2 
µM, the produced vesicle (MHD 111±7.7 nm, pdi 0.14) exhibited an 
altered shape (Fig. 3b). Irregular vesicles were also observed when 
the FRR was fixed at 9:1 and Qt was decreased (Qt = 57 µl/ml), 
using the same QDs concentration (Fig. 3c). On the other hand, well-
defined spherical vesicles were obtained at FRR = 9:1 with different 
Qt (6.33 , 57 and 171 µl/ml), using higher QDs concentration (0.45 
µM), (Fig. 3d) Electron-dense QDs appear as darker dots in the 
vesicles. (For TEM images of vesicles at Qt = 6.33 and 171µl/min, 
see Fig. S3). SEM images recorded on empty (Fig. 4a, b) and QDs-
embedded (Fig. 4c) vesicles, produced at FRR=9:1 and 
Qt=57µl/min, also show that the presence of the QDs does not affect 
significantly their morphologies. 
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Fig.4 SEM images of a) empty- and c) QDs-embedded PC/Chol/Cer 

vesicles produced at FRR=9:1, Qt = 57 µl/min; b) higher-

magnification SEM images of the empty vesicle highlighted by the 

square in a). d) representative size distribution of  PC/Chol/Cer 

(blue line) and  PC/Chol/Cer/QDs (red line) vesicles. 

 
Incorporation of QDs in the vesicles also resulted in a slight increase 
of the average size, from 225±12 nm (bare vesicles, pdi 0.23) to 
295±4 nm (QDs embedded vesicles, pdi 0.19), as determined by 
DLS (Fig. 4d), both produced at FRR 9:1 and Qt 57 µl/ml. DLS 
measurements performed on these vesicles confirmed their stability 
and low polydispersity up to one week (Table S5). 
All these findings would suggest that QDs likely accumulate in the 
aqueous core of the vesicles. 
 
Photoluminescence (PL) measurements of the QDs were performed 
prior to and after their encapsulation within the vesicles. Fig. 5 
shows the PL curves of surfactant-coated QDs (dark-red curve), 
PEG-modified QD dissolved in lipid mixture (orange curve), and 
PEG-modified QD embedded into the vesicles (yellow curve). The 
curve of the empty vesicles is also reported (green curve). 
Modification of the QD with PEG determined a consistent blue-shift 
of the emission peak from 580 to 565 nm. The QD signal is clearly 
detectable, even when they are embedded inside the vesicles, 
although the curve is rather noisy due to scattering signals of the 
lipid matrix, as shown by the curve of the empty vesicles.  
 
Additionally, the QDs encapsulation efficiency was determined by 
elemental analysis: almost 68% of QDs injected were successfully 
embedded. 
In order to prove the versatility of the preparation approach here 
presented, green-emitting QDs were also successfully embedded 
within the vesicles. As shown in TEM  image of Fig. S1ethe 
resulting nanovesicles were almost uniform with a regular shape, and 
a mean size of around 237 ± 5 nm (pdi 0.17), as determined by DLS. 
 

Differential Scanning Calorimetry (DSC)  
DSC measurements were performed on empty and QD-embedded 
vesicles as well as on pure PC, which is the lipid component at 
higher concentration ratio in the lipid mixture. As shown in Figure 
5b, the main bilayer transition between the more ordered rigid ripple 
gel phase Pβ' and the liquid-crystalline phase Lα is observed for the 
vesicles to shift at lower temperatures than for pure PC (precisely 
from -2.8 to -1.2 °C respectively). Moreover, the endothermic peak 
is also broaden as compared to pure PC. This behavior may be 
ascribed to the presence of cholesterol and ceramide within the 
vesicle, that contributes to increase the fluidity of the bilayer. 
Notably, the curve of the QD-embedded vesicles is very similar to 
that of the empty vesicles: only a slight shift at higher temperatures 

(less than 0.5 °C, see the inset in Fig 5b) is reported. This may be 
considered a further indication that QDs are hosted into the core of 
the vesicles: indeed, it should be expected that their localization into 
the bilayer would lead to a substantial variation of the lipids 
arrangement and thus a consequent change in the system stability 
and its transition temperature. 
 
 

 
 
Fig.5 a) Photoluminescence spectra of QD before and after 

embedding into the vesicles. The curve of the empty vesicles was 

recorded, as well. The samples were excited at 488 nm. b) DSC 

measurements performed on PC (black curve), empty vesicles (blue 

curve) and QD-embedded vesicles (red curve). 

 

4 Conclusions 

In the present work, we have shown the preparation of QDs-
embedded nanovesicles prepared with different lipid combinations, 
typically present in natural exosomes. The original contribution of 
our approach lies in the incorporation of hydrophilic QDs in vesicles 
in one step process by microfluidic hydrodynamic focusing (MHF) 
device. The experimental results showed that different FRR and lipid 
mixtures influenced the particle mean size. Using DLS analysis, we 
verified the low polidispersity and stability of the PC/Chol/Cer 
vesicles up to 45 days.  
Thanks to their stability, these vesicles were selected for QDs 
embedding. For this aim, FRR and QDs concentration were 
optimized, resulting in fluorescent vesicles with a slight increase of 
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the average size when compared to the empty ones. Moreover, TEM 
and SEM analysis showed well-defined spherical vesicles. 
The ability to entrap QDs in the lipid nanovesicles will drive future 
works for specific biomolecule/drug incorporation with regard to 
clinical applications for both in vitro and in vivo tracking of 
therapeutic agents. 
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