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ABSTRACT 

Diketopyrrolopyrroles (DPPs) have recently attracted large interest as highly bright and 
photostable red-emitting molecules. However, their tendency to form non-fluorescent 
aggregates in water via the so-called Aggregation Caused Quenching (ACQ) effect is a 
major issue that limits their application under the microscope. In this work, two DPP 
molecules have been incorporated in the membrane of highly stable and water-soluble 
Quatsomes (QS, nanovesicles made by surfactants and sterols), allowing their 
nanostructuration in water limiting at the same time the ACQ effect. The obtained 
fluorescent organic nanoparticles (FONs) showed superior structural homogeneity 
along with long-time colloidal and optical stability. A thorough one- (1P) and two-
photon (2P) fluorescence characterization revealed the promising photophysical 
features of these fluorescent nanovesicles, which showed a high 1P and 2P brightness. 
Finally, the fluorescent QSs were used for the in vitro bioimaging of Saos-2 
osteosarcoma cell lines, demonstrating their potential as nanomaterials for bioimaging 
applications. 

 

 



 

INTRODUCTION 

In the last decades, fluorescence microscopy has proven to be a powerful tool for the 
visualization and the investigation of biological systems. The advances in laser physics 
has determined the development of new microscopy techniques able to exploit both 
linear and non-linear optical properties of the probes, improving several parameters 
such as the lateral resolution of the images or the penetration depth in biological 
tissues.1,2 The optimization of molecular structures in order to obtain probes with 
higher fluorescence quantum yield (QY), emission in the first or second biological 
transparency windows,3 and intense one- or two-photon absorption (2PA)4 cross-
section usually lead to molecules with poor solubility in aqueous media and therefore 
with a low potential concerning applications in microscopy.5 A critical factor in the 
design of new bio-imaging molecular probes is their tendency to aggregate in aqueous 
media with the subsequent quenching of the emission, a phenomenon called 
Aggregation-Caused Quenching (ACQ)6. During the last years, several new molecular 
structures have been developed showing Aggregation Induced Emission (AIE),7,8 a 
photophysical process in which molecules not fluorescent in solution became intense 
emitters in clusters or in the solid state, due to restriction of the molecular motion 
when aggregated in aqueous media. However, red/NIR emission,9-10 an important 
requirement in order to prevent the self-absorption of the emitted light by tissues, is 
still an issue that requires complicated synthetic problems to be solved.10 

Diketopyrrolopyrroles (DPPs) have been recently studied as fluorescent probes 
for bioimaging, because of their high photostability and good fluorescence efficiency in 
the transparency window of biological tissues (650-900 nm).11-12 Moreover, a number 
of reports have recently explored the 2PA properties of DPPs,13-14 showing their use as 
effective probes in two-photon fluorescence microscopy.15-16 The large conjugated 
structure of the DPPs is responsible for their low water-solubility and strong 
intermolecular interactions, which dramatically reduce their fluorescence quantum 
yield in aggregated states. Thus, chemical modification by the introduction of 
hydrophilic side chains on the DPP conjugated core has been used to obtain water-
soluble probes. 17,18  Alternatively, in very few reported cases, water–insoluble DPP 
molecules have been processed as nanoparticles with reduced ACQ effect, for 
application in in vitro and in vivo bioimaging.16,19 In this context , and following our  
previous works on development of organometallic protocols for functionalized 
conjugated structures,20–24 we recently published a study on the self-assembly process 
of several amphiphilic red-emitting DPP derivatives, with the formation of H- and J-
aggregates in thin-films and organic nanoparticles (ONPs).25 Unfortunately, upon 
dispersion in water, all these molecules show a severe ACQ effect, due to the intense 
π-π stacking of the rigid conjugated structures. Here, we present an alternative 
approach to disperse some of these water-insoluble molecules in aqueous media, 
limiting the ACQ effects. This strategy consists in incorporating the DPP molecules 
inside the bi-layer of Quatsomes (QSs), an innovative class of nanovesicles.26,27 QSs are 
highly stable nano-vesicular structures made by quaternary ammonium surfactants 
with long alkyl chains, e.g. cetyl trimethylammonium bromide (CTAB), and sterols, like 
Cholesterol (CHOL).26,27 Such structures have recently been studied by some of us as 



alternative nanocarriers to liposomes, thanks to their outstanding stability and 
capability of multifunctional activity.28–30 Moreover, we have also recently 
demonstrated that extremely stable and bright fluorescent organic nanoparticles 
(FONs) for bioimaging can be obtained by incorporating hydrophobic fluorenyl-derived 
fluorophores within QS-membranes.31 In these studies, it was shown that, upon 
incorporation in QSs, the fluorophores could be stably dispersed in water reducing the 
ACQ effect. Such a dye-loaded QSs can be straightforwardly prepared in water by the 
self-assembly of surfactant, sterols and dyes via the CO2-based methodology DELOS-
SUSP (Depressurization of an Expanded Liquid Organic Solution-Suspension). 
Moreover, it has been shown that dispersions of QSs with superior vesicle-to-vesicle 
and membrane composition homogeneity can be obtained by DELOS-SUSP in 
comparison with other conventional techniques for vesicles preparation.27,28  

In this paper, we aim to disperse in water, by incorporation in QSs, two water-
insoluble DPPs molecules, DPP-C8 and DPP-C16 (Figure 1), synthesized as reported in 
our previous work.25 These molecules have the same conjugated backbone and 
therefore the same absorption and emission spectra (Figure 1 and SI). They present 
the same hydrophilic part consisting of triethylene glycol (TEG) chains at the two 
lactam N-atoms but differ in the length of the two terminal hydrophobic alkyl chains 
(C8 and C16) on both triazole rings. Such molecules were designed with the purpose to 
be anchored to the QSs via interdigitation of the alkyl chains into the bilayer 
membranes leaving the TEG chains exposed to the aqueous medium. Two different 
composition of QSs, made with CTAB and CHOL or Cholesteryl Hemisuccinate (CHEMS), 
with molar ratios 1:1, were used in order to study the effect of QSs composition on the 
stacking of DPPs within the membrane.  

 

 
Figure 1: Top) Molecular structures of DPP-C8 and DPP-C16 (left) and their absorption and emission 
spectra in CHCl3 (right). Bottom) Schematic representation of the formation of QSs with DPP molecules 
interdigitated in the bi-layer of the vesicles 

 
 



 

RESULTS AND DISCUSSION 

Preparation and characterization of DPPs-loaded QSs 
Two samples of DPPs-loaded QSs, namely QS-C8, containing DPP-C8, and QS-C16, 
containing DPP-C16, were prepared in aqueous media by DELOS-SUSP using 
cholesterol and CTAB in a 1:1 molar ratio (for further experimental details see SI). The 
two samples had the same fluorophore loading L=0.6 x 10-3, where L=moles 
dye/(moles CTAB + moles sterol) (for other studied samples in this work, see Table S1). 

CryoTEM micrographs of QS-C8 and QS-C16, acquired one week and one month 
after their preparation, are shown in Figure 2. Morphology (Figure 2) and size (Table 
S2) of QS-C16 vesicles are very stable since no changes were observed during one 
month. On the contrary, only one week after the preparation of QS-C8, cryoTEM 
images evidence the formation of small nano-aggregates with sheet/lamella twisted 
shapes at the edges along with the presence of unilamellar nanovesicles. These 
nanoaggregates grew as rod-like architectures in a few weeks, with one dimension of a 
few nm and lengths up to several micrometers, showing the same behavior and aspect 
as the nanoparticles of DPP-C8 (DPP-C8 ONPs, Figure 2, bottom-right), prepared by the 
re-precipitation method in water.25 The changes in QS-C8 are associated either with 
changes in the structure of the sheet/lamella nanoaggregates or with the labile 
anchoring of alkyl chains of the DPP-C8 dye molecules to the QS membrane and their 
release to the surrounding media where a supramolecular reorganization to nanorods 
occurs. 
 

 
 

Figure 2: (left) CryoTEM micrographs of QS-C16 (top) and QS-C8 (bottom) one week and one month 
after their preparation; (right) CryoTEM micrographs of nanoparticles DPP-C8 ONPs. The elongated 
nanoaggregates formed by QS-C8 after 1 month are very similar to the structures appearing in DPP-C8 
ONPs after one week. 

Changes in the morphology of QS-C8 with time are also associated with 
variations in the band-shape of the absorption spectrum (Figure S3, left), with the 



appearance of a new band at 660 nm due to the reorganization of the molecules and 
consequently formation of new supramolecular aggregates.25 Oppositely, the 
absorption band-shape of QS-C16 (Figure S3, right) did not show any significant 
changes, indicating a negligible reorganization and no release of the loaded dye 
molecules in the surrounding aqueous media. We noticed that the presence of small 
fractions of EtOH (up to 10% vol.) in the water suspensions where the QS-C8 system 
was prepared stabilizes the QS-C8 vesicles, as revealed by CryoTEM micrographs and 
the absorbance spectra (Figure S4). Thus, EtOH molecules likely solvate the DPPs 
backbones reducing the stacking interaction and enhancing the interdigitation of the 
aliphatic chains. The shape of the excitation spectrum (Figure S4), which approaches 
the absorption profile, further supports this hypothesis. Notably, the length of the 
terminal alkyl chains plays a crucial role in the supramolecular organization and 
incorporation of the molecules into QSs in pure water. Indeed C16 chains are long 
enough to ensure a strong interaction with the hydrophobic components of the QS 
bilayer, stably anchoring DPP molecules to the vesicles enhancing the stability of dye-
decorated vesicles along time. 

Nevertheless, in QS-C16 the stacking among probe molecules inside the 
membrane of QSs is only partially avoided. The mismatch between absorption and 
excitation spectra and the appearance of a non-emissive band at 660 nm (Figure 3A), 
along with the low fluorescence QY (7% ca., as shown in Figure 3C) compared to the 
dye in CHCl3, point to the formation of non-emissive aggregates suggesting that the 
observed residual emission is due only to the isolated molecules within the membrane. 
Notably, the excitation and emission bandshapes of DPP-C16 dissolved in an organic 
solvent and dispersed in the vesicles membrane are identical, indicating that isolated 
DPP-C16 molecules are exclusively contributing to the emission of QSs-based samples. 
QS-C16 resulted much brighter than other dispersions (alternative to vesicles 
membrane hosting) of the same dye in water, such as DPP-C16 ONPs, prepared by 
reprecipitation. DPP-C16 ONPs showed in fact a fluorescence QY<0.1%, despite a 
desirable NIR emission (Figure S5), attributed to the formation of fluorescent J-
aggregates within the nanoparticles. 

 
 
 
 
 
 

 

 
 
Figure 3: A) Normalized absorption, emission and excitation spectra of QS-C16. Normalized absorption 
spectra of QS at lower loadings of DPPC16 (QS-C16 1/2 and QS-C16 1/3) are also shown. B) Normalized 
absorption, emission and excitation spectra of QSCHEMS-C16. In this case, the absorption spectrum, 
more similar to the one of the molecule in solution, suggests a lower presence of aggregates within the 
vesicles membrane; C) Estimated values of fluorescence quantum yield, calculated at the maximum 
excitation wavelength, of the DPPC16-loaded QSs in water compared to the dye in CHCl3.  
 

To verify the formation of non-fluorescent aggregates inside the bilayers of QS-
C16, two samples loaded with one-half (QS-C16 1/2, with L=0.3 x 10-3) and one-third 
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(QS-C16 1/3, with L=0.2 x 10-3) of DPP-C16 were prepared. As shown in Figure 3A, the 
slight changes in the absorption band shape, like a decrease of the band at 660 nm and 
an increase at 590 nm and 550 nm, as well as the increase of the fluorescence QY (up 
to 18% for QS-C16 1/3) suggest that more dye molecules are distributed as isolated 
molecules over the membrane of the vesicles at lower loadings. 

As the principle of obtaining bright FONs in water is to confine a high number of 
bright dye molecules in a small volume, we tested whether the composition of QSs has 
an effect on the number of aggregated dye molecules incorporated in the membrane 
of the vesicles responsible for the detrimental ACQ effect. Thus, DPPC16-loaded-
QSCHEMS (QSCHEMS-C16) with the same loading, L= 0.6 x 10-3, as QS-C16 were 
prepared by DELOS-SUSP with the expectation that the larger size and hydrophilic 
carboxylic acid head groups of CHEMS molecules will modify the incorporation of DPPs 
molecules and their aggregation in the membrane. The resulting nanovesicles showed 
smaller size than QS-C16 (around 55 nm, as shown in Table S2) and they were found to 
be highly stable in terms of morphology, size and optical properties (Figure S7 and 
Table S2). Notably, QSCHEMS-C16 showed the highest fluorescence efficiency 
(QY≈41%) among the studied nanostructures, proving, along with the shapes of the 
spectra shown in Figure 3B, that the probe molecules are significantly less aggregated 
in the bilayer in this formulation than in QS-C16. This is likely due to the hydrophilicity 
and bulkier size of the CHEMS group than that of Cholesterol in QS-C16, which may 
hinder the π-π stacking between the probes. In comparison to QS-C16, QSCHEMS-C16 
leads to a huge gain in brightness since these FONs have an approximately 6 times 
higher efficiency in a volume which is <20% of the QS-C16. These features make 
QSCHEMS-C16 highly promising candidates as red-emitting nanoprobes for in vivo and 
in vitro bioimaging. 
 Since DPPs molecules are effective probes in 2P fluorescence microscopy, which 
are beneficial for bio imaging applications, we decide to characterize the 2-P 
absorption properties of DPP-loaded QSs in water. The 2P spectra and 2P brightness of 
DPP-C16 and DPP-C16-loaded QSs were determined using the two-photon excited 
fluorescence (TPEF) technique (see SI for details) the results of which are shown in 
Figure 4.  
 

 
Figure 4. Left) One- (black) and two-photon (red) cross section spectra of DPP-C16 in CHCl3; 
Right) Two-photon brightness at 800 nm of DPP-C16 in CHCl3 and the corresponding DPPs-
loaded QSs in water. 
 
 Figure 4A compares the one- (1P) and two-photon (2P) absorption spectra of 



DPP-C16 in CHCl3, which differ considerably from each other; a common feature for 
quadrupolar molecules.33 While the lowest energetic transition (peaking around 
590 nm) is strongly 1P allowed, it is almost completely 2P forbidden (with σ(2)–values 
being well below 10 GM). However, the 2P cross-section increases significantly below 
950 nm up to a value of ca. 1000 GM at 710 nm. These results are in good agreement 
with data of a similar series of diketopyrrolopyrroles compounds.34 
 In line with previous results on 1P characterization, the 2P excitation spectra of 
DPPC-16 in CHCl3 and DPPC16-loaded QSs in water are identical (see Figure S8 in SI). 
The absolute invariance of all spectral properties of the emissive species corroborates 
our above-mentioned assumption that at least a part of the dyes is incorporated into 
the QSs not in the form of aggregates but rather as single, unperturbed dye molecules. 
We emphasize that the 2P excitation method only allows for observing 2P cross-
sections of species that show emission. Thus, potential 2P absorption from the non-
emissive aggregates is, of course, not visible. In order to obtain a useful quantity, in 
terms of practical applications, we decided to present the two-photon brightness of 
the QS samples, σ (2)xφF, at 800nm as a figure of merit (FOM). Figure 4B shows clearly, 
that the two-photon brightness decreases strongly for the conventional QS samples, 
most probably because the concentration of single emissive dyes is lower in QSs. The 
by far highest value of the FOM is achieved for QSCHEMS-C16 (in agreement with the 
1P photophysical characterization), which, thanks to the small volume, is an attractive 
probe also for 2P-microscopy worthy to be studied in more detail. A point worth 
mentioning is the fact that due to the confinement and thus the higher local 
concentration of the dyes in the QS the brightness per nm3 is, even for the samples 
with reduced 2P brightness, orders of magnitude better than for homogeneous 
distributions of pure dyes. 
 
 
Biocompatibility assays of DPP-loaded QSs and DPP ONPs 
Since the main interest of DPP-loaded QSs is their use as florescent probes for 
bioimaging, we performed a cell viability and growth studies. For such a purpose 
biocompatibility assays for DPP-C16 ONPs, QS-C16 and QSCHEMS-C16 were 
performed on the Saos2 cell line since it is an adherent model cell line used for 
osteoblasts adhesion tests (in biomaterial research)35,36 or for osteosarcoma in vitro 
model for drug testing (in anti-cancer research).37 In a particular study these cells were 
used for testing the specific gene targeting with cationic liposomes 
(phosphatidylethanolamine and 3ß-[N-(N',N'-dimethylaminoethane)-carbamoyl] 
cholesterol).38 For the biocompatibility assays of the novel FONs here reported, the 
cells were firstly pre-cultured for 24 h to allow adhesion, then exposed to the sample 
solutions for 4 hours, and finally re-cultured in a fresh medium for 36 hours. Two 
concentrations (1 nM and 10 nM, related to dye concentration in formulation) per 
each sample were tested in triplicates. MTT analysis was performed to measure the 
metabolic activity of Saos2 cells; i.e, to analyze cell viability and growth. As positive 
growth controls we used cells without exposition to sample solutions and grown onto 
polystyrene wells. MTT for these samples were taken after 10 minutes of seeding 
(PSCC (0)) and 36 hours (PSCC*). A complete comparison was also performed onto 
single dye-free formulations, like CTAB only, PLAIN QS with CHOL, PLAIN QS CHEMS 
with CHEMS. Results are shown in Figure 5. Citotoxicity was detected for PLAIN QS in 



a weakly dose-dependent manner. Since Saos2 are sensible to CTAB in the range 0.2-2  
mM, samples at lower concentration of CTAB, 7 µM and 0.7 µM , were tested 
corresponding to probe concentrations of 10 nM and 1 nM, respectively.39 Other cell 
types, like HeLa cells, exhibit a decrease in cell viability only at higher concentrations 
of different quaternary ammonium surfactants.40 PLAIN QS are more cytotoxic than 
CTAB, but PLAIN CHEMS QS are almost less cytotoxic than both CTAB and PLAIN QS . 
Actually there is no statistically relevant effect due to dye in loaded quatsomes (QS-C16 and 
QS CHEMS-C16) with respect to unloaded QS (both plain QS and QSCHEMS); all FONs 
containing CHEMS exhibit a relative medium good biocompatibility (around 60%). All 
tested QSs made from CHOL/CTAB exhibit a relatively good biocompatibility (<60%). 
So, CHEMS has an ameliorative effect on the biocompatibility of the composition. 
DPP-C16 ONPs exhibit the best biocompatibility in terms of absence of metabolic 
distress (in correlation with PSCC*) and absence of cell death related to starting cell 
density (PSCC(0)). DPP-C8 ONPs are strongly toxic in the two tested concentrations 
(relative biocompatibility <30%). Biocompatibility of QS-C8 was not tested because of 
its low morphologically stability in the absence of EtOH, as  mentioned above. 
 

 

 
 

Figure 5: PSCC*-normalized MTT values for biocompatibility assays. Data were statistically validated by 
ANOVA test/Bonferroni post-test (evaluation of correlation PSCC* vs each sample with significance of p 
< 0.05). 

 
Cellular uptake assays of DPP-C16 ONPs, QS-C16, and QSCHEMS-C16 



Cellular uptake assays were performed for DPP-C16 ONPs and the two different 
quatsome formulations, QS-C16 and QSCHEMS-C16, at 10 and 1 nM concentrations 
(related to dye concentrations) in experiments at 1 and 4h exposition times using 
different staining agents (For staining protocols see SI).  The best results were obtained 
at 1h (Figure 6). In the case of DPP-C16 ONPs, 1 nM concentration of dye was effective 
(with 10 nM cells gave weak/low uptake). QS-C16 vesicles were not taken up at 1 nM 
and 10 nM, while for QSCHEMS-C16 a concentration of 10 nM was necessary (no 
uptake was detected at 1 nM). DAPI staining was performed to verify the absence of 
nuclei fragmentation or any other nuclear anomaly, while actin fiber stress staining 
with ATTO 488 was performed to investigate cell adhesion and interaction with the 
substrate. 
A 1h exposition to DPP-C16 ONPs (1 nM) shows that actin stress fibers are generally 
morphologically well present in all samples and nuclei are unaltered. Strongly red 
emitting aggregates of DPP-C16 ONPs were observed inside the cells, but not outside 
them. The average size of the aggregates after 1h was determined via image analysis 
as 5.1±0.9 μm. After 4h, ONPs resulted smaller and more sporadic. The staining seems 
the result of a combination of both incorporation and an aggregation inside cells, and 
it is not homogeneous. In 40% of the acquired images, the DPP-C16 ONPs uptake is 
perinuclear and also produces small aggregates into the cytoplasm and around 
membrane (Figure 7 left). Concerning QS-C16 (10 nM) at 1h, concentric fibers were 
observed in many cells which may be due to negative cell stress, while nuclei staining 
reveals no fragmentation. However, there is no evidence of cells uptake (neither after 
4 h and at lower concentration). On the other hand, in the case of QSCHEMS-C16, actin 
stress fibers are generally morphologically well present in all samples, even though 
there are also concentric stress fibers for some unfavorable conditions. The DAPI 
channel reveals good morphology of nuclei. Uptake of QSCHEMS-C16 appears 
complex: there is a general spread cytoplasm staining, with perinuclear and 
membrane/cytoplasm a specific formation of strongly red emitting aggregates (8.1 μm 
±2.8 at 1h), which in few cases are localized as well outside the cells. Staining 
completely disappeared after 4h.  



 

Fig 6: Confocal images of DAPI/ATTO FALLOIDIN 488/DPP staining according to the three samples at 1h 
uptake timing at concentration of 1 nM for DPP-C16 ONPs, 10 nM for both QS-C16 and QS CHEM-C16. 
Marker: 50 μm.  
 
Confocal images of DAPI/ATTO FALLOIDIN 488/DPP staining of DPP-C16 ONPs and 
QSCHEM-C16 uptake at 1h with 3D reconstructions are shown in Figure 7. For DPP-C16 
ONPs, small clusters in the nuclear and perinuclear regions were observed (vide infra), 
some of them were localized inside the cells, maybe in the cytoplasm. In the case of 
QSCHEMS-C16, the simultaneous non-specific spread staining of cytoplasm along with 
membrane and nuclear regions was detected. In situ emission spectra by confocal 
microscopy was performed only for small clusters located in different cell regions. In 
the case of DPP-C16 ONPs, emission spectra in the two stained regions, around nuclei 
and cytoplasm, are slightly different (Figure 7 top right). The fluorescence signal of the 
aggregates shows a small shoulder in the NIR, around 710 nm, which can be associated 
to the weak emission of the DPP-C16 ONPs (see Figure SI 3). The main band at 660 nm, 
can be ascribed to emission from isolated molecules of DPP-C16, likely due to the de-
aggregation of the nanoparticles, maybe as effect of the interaction with cellular 
proteins. In the case of QSCHEMS-C16, spectra taken from clusters localized onto cell 
membrane and nuclear region are similar to those acquired in water (see Figure 4), 
likely meaning that the probe molecules are maintained inside QS CHEMS even after 
incorporation into cells (Figure 7 bottom right). 
 As a summary, we may say that QSCHEMS-C16 is the best FONs for the 
interaction of DPP derivatives to perform bioimaging application. Indeed, these 
fluorescent vesicles show a good biocompatibility and a good uptaking by cells 



maintaining their structures inside the cells. 
 

 

Figure7. Left: Confocal focus images of DAPI/ATTO FALLOIDIN 488/DPP staining according to the DPP-
C16 ONPs and QSCHEM-C16 samples at 1 hour uptake timing together with 3D reconstructions for 
different DPP localization; right: emission spectra by confocal approach of fluorescent aggregates of 
DPP-C16 coming from DPP-C16 ONPs stained cells (top) and QSCHEMS-C16 stained cells (bottom). 
 
 

CONCLUSIONS 

In this work, non-water soluble DPPs, modified with two C8 or C16 alkyl tails (DPP-C8 
and DPP-C16, respectively) have been dispersed in water by incorporating them in the 
membrane of Quatsomes, nanovesicles highly stable in water, in such a way that the 
alkyl tails of the dyes are interdigitated within the membrane of the vesicles. It was 
shown that the alkyl chain length plays a crucial role in the stability of the obtained 
fluorescent vesicles, with the C16 chains that ensure a stable anchoring of the dye to 
the membrane of the vesicles (QS-C16). The 1P and 2P photophysical characterizations 
indicated that the presence of non-fluorescent aggregates (ACQ effect) of DPP-C16 
strictly depends on the dye loading L, i.e. the amount of dye per amount of QSs 
components, and the composition of the vesicles. DPPs-loaded QSs made by 
hemisuccinate-modified cholesterol and CTAB (QSCHEMS-C16) showed the lowest 
ACQ effect and the highest fluorescence efficiency (QY≈41%), suggesting the presence 



of isolated fluorophore molecules within the membrane of the vesicles. The attracting 
physico-chemical and optical properties of DPPs-loaded QSs encouraged the 
application of such probes for in vitro cells imaging. The biological assay showed that 
DPPs-loaded QSs are not cytotoxic at the concentrations required for the fluorescence 
imaging of the Saos-2 cells line. Confocal images and in situ emission spectra showed 
that QSCHEMS-C16 is successfully taken up by cells, without undergoing structural 
modification. The results described demonstrate that DPPs loaded QSs are promising 
candidates as nanoprobes for further studies, such as the imaging of living organisms, 
in which red-emitter probes are required, or the synthesis of multi-functional vesicles, 
by incorporating additional active molecules, for theranostic applications. 
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