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Praca oryginalna Original paper

Luminescent nanocrystals and quantum dots show 
great potential for use as fluorescent markers in  
biology and medicine. Preliminary results have been 
encouraging and show the visualising properties of 
quantum dots in the diagnosis of tumours (1, 6, 10, 

31). However, the first generations of nanocrystals 
were based on a heavy-metal core, which was un-
stable and shed heavy-metal ions into biological me-
dia (8). This, coupled with a lack of information on 
their biodistribution and pharmacokinetics, rendered 
them unusable for purposes outside research. Thus 
the search started for a non-heavy metal solution for 
highly fluorescent nanocrystals. Recently developed 
rare-earth-doped nanocrystals are a promising material 
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Size of nanocrystals affects their alimentary absorption in adult mice
Summary

Luminescent nanocrystals and quantum dots have great potential for use as fluorescent markers in biology 
and medicine. However, their first generations were based on the heavy-metal core, which was unstable and 
shed heavy-metal ions into biological media. This, coupled with a lack of information on their biodistribution 
and pharmacokinetics, rendered them unusable for purposes outside research. The recently developed non-
heavy metal nanocrystals are a promising material for future medical use. Yet, the controversies over their 
application, absorption and biodistribution remain. Various recent papers present different results on the 
uptake of nanocrystals and on their intracellular and organ distribution. In our study, we focused on the 
question of how the size and shape of nanocrystals affect their duodenal absorption after intragastric gavage 
(IG) and distribution to the liver. Commercial bulk nanoparticles and hydrothermal nanoparticles produced 
at the Institute of Physics PAS were the same in composition and excitation-emission range, but significantly 
different in shape and size. Adult mice (n = 24) aged 3-6 months were kept in standard living conditions (12 h 
day-night cycle), fed ad libitum with unobstructed access to water. Following a 1-week adaptation period, an 
RO water suspension of nanoparticles (50 µg/ml) was administered by IG. No changes in the behaviour of the 
mice or pathophysiological changes in their organs were observed following IG. The control group received 
an identical volume of RO water by IG. Cross-sections of the organs were examined both qualitatively and 
quantitatively by confocal microscopy and scanning cytometry. Following IG, both types of nanoparticles entered 
the duodenum in a similar time, but only the smaller, elongated hydrothermal nanoparticles were absorbed 
through the intestinal epithelium and distributed throughout internal organs (p ≤ 0.001). In conclusion, we 
found that the size and shape of nanocrystals is crucial for their bioavailability.
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for future medical use (14, 22, 27). They were screened 
for a high fluorescent yield and the excitation-emission 
constraints of typical research and medical microscopy 
systems (22, 27, 33). Following the initial success of 
the uptake of nanoparticles (5, 15), further develop-
ment emphasised the shift of the excitation range to 
a highly penetrative infrared and the optimisation of 
fluorescence intensity. Nevertheless, the controversies 
over the route of application of nanocrystals, as well as 
the mechanism of their absorption and biodistribution 
remain. The gastrointestinal uptake of fluorescent, rare-
earth-doped nanoparticles has already been described 
(14). Following intra-gastric gavage (IG), nanocrystals 
were quickly absorbed through the small intestine 
epithelium and rapidly (within 24 h) distributed to the 
majority of organs and tissues, including the brain. It is 
postulated that the intestinal absorption of nanocrystals 
in the adult gut is based on the same mechanisms as 
the persorption of other large and bioactive molecules 
(11). Up to date, three routes of persorption have 
been described. First, through the uptake of antigens 
and antigen-antibody complexes, involves intestinal 
M cells and is highly unlikely for nanocrystals (34). 
Second, through lesions in the continuity of the epi-
thelial layer and through the extrusion zone (17, 29), 
does not explain the observed distribution pattern of 
nanocrystals in enterocytes and would be insufficient 
for the observed scale of uptake (14). Final, and the 
most probable, is the transcellular route (for details 
see 14). Still, little is known about the actual process 
through which fluorescent nanocrystals enter the en-
terocyte. Three processes of the uptake of bulk material 
from outside of the cell are known and postulated for 
the uptake of nanocrystals. Endocytosis is a highly 
specific process requiring receptor-ligand interaction 
and the involvement of clathrins in the invagination 
of the cell membrane and the internalisation of a thus-
created vesicle in the cell (20). A rough estimate of the 
diameter of a particle capable of entering the cell in this 
way is 100 nm. The second uptake mechanism is the 
non-specific pinocytosis (15). This caveolin-mediated 
system of intracellular transport is characteristic of 
the uptake of water and ions, and the largest possible 
diameter of particles in this process is 50 nm (20). The 
third possibility is the so-called macropinocytosis, 
characteristic of the internalisation of macroviruses 
(9, 25, 28, 32). Although it requires the formation of 
lipid rafts and receptor-ligand interaction, this process 
is much less specific than endocytosis and may explain 
the passage of particles as large as 500-5000 nm (20). 
Considering the alternatives, this could be the way for 
crystalline structures to enter enterocytes. The remain-
ing issue is the actual size of the alleged nanomaterials 
and quantum dots. In biology and medicine, the size is 
of great importance because it determines not only the 
possibility of the uptake of a given nanomaterial, but 
also its pharmacokinetics and intracellular distribution 
pattern (14). From the physical point of view, 10 nm 

is an absolute limit for the quantum effect observed in 
nanomaterials (30). The interaction intensity related 
to the effect may be weak, intermediate or strong, de-
pending on the relationship between the radius of the 
particle and the Bohr radius of the bulk exciton (23). 
Aggregates or polycrystalline substances consisting of 
many “nano-domains” may retain the quantum effects. 
Additionally, the agglomeration of semiconductor 
quantum dots was reported to enhance the lumines-
cence properties of the material (21).

The aim of this study was to evaluate the effect of the 
size and shape on nanoparticles on their gastrointestinal 
uptake and biodistribution in the organism.

Material and methods
Alcohols, paraformaldehyde and xylene were purchased 

from Avantor Performance Materials Poland S.A. (Gli-
wice, Poland). Unless stated otherwise, all other media and 
reagents were purchased from Sigma-Aldrich Sp. z o.o. 
(Poznań, Poland).

Preparation of nanocrystals. Polycrystalline Y2O3:Eu 
powder was purchased from a commercial supplier. Hydro-
thermal Y2O3:Eu nanoparticles, with the same chemical 
composition as the commercial ones, were produced at the 
Institute of Physics PAS by methodology similar to that 
described in (33). The concentration of Eu in the samples 
was set at 4% mol. The hydrothermal nanopowder was 
prepared by precipitation from a watery nitrate (V) solution 
of Y and Eu ions. The obtained residue was processed in 
a microwave hydrothermal reactor at a pressure of 6 MPa. 
The microwave hydrothermal process was used to obtain 
a narrow distribution of the grain sizes of the nanoparticles 
produces. Pure cubic Y2O3:Eu nanopowder was synthe-
sized in the form of needle-like particles. The wet product 
was then dried and calcined at 1000°C in a ceramic boat 
to promote recrystallisation and to optimise its structural 
biocompatibility (Fig. 1).

Physical characterization of Y2O3:Eu nanocrystals.
Detailed structural and morphological analyses, as well as 
photoluminescence measurements, of the nanocrystalline 
Y2O3:Eu samples were performed. Transmission electron 
microscopy (TEM) measurements were performed with 
a Tecnai F30 transmission electron microscope (FEI, Brno, 

Fig. 1. Calcination of Y2O3:Eu nanocrystals created by the 
hydrothermal method, visualised by TEM; a) monocrystaline 
nanoparticles prior to thermal annealing; b) nanoparticles 
after the process of thermal annealing at 1000°C, note the 
abundance of nanodomains (examples indicated by arrows) 
formed during the recrystallization process
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Czech Republic), operating at 200 kV. Powder samples 
were prepared by dispersion of dry powders in acetone  
using an ultrasound bath for 30 min. Then the suspension 
was dropped on a copper grid (200 mesh) with polycar-
bonate coating and hotplated for 2 h. Photoluminescence 
excitation spectra (PLE) were measured at room tempera-
ture with a Solar CM 2203 spectrofluorimeter (SOLAR, 
Belarus) with emission set at 613 nm while excitation ranged 
from 220 to 500 nm. Scanning electron microscopy (SEM) 
measurements were performed with a Scanning Electron 
Microscope SU-7 (Hitachi, San Jose, CA, USA). Powder 
samples were suspended in distilled water with a VCX-500 
ultrasound system (Sonics&Materials, Inc., Newtown, CT, 
USA), dropped on a silicon monocrystalline wafer, and then 
dried at 40°C before observation.

Animals. All experiments were approved by the local 
ethical committee (LEC agreement No 44/2012). Adult male 
Balb-c mice (n = 24) aged 3-6 months were kept in standard 
living conditions (12 h day-night cycle), fed ad libitum with 
unobstructed access to water. Following a 1-week adaptation 
period, a freshly prepared RO water suspension of nanopar-
ticles (50 µg/ml) was administered via intragastric gavage 
(IG, 0.3 ml/mouse). No behavioural changes or discomfort 
were observed in the animals after the procedure. Follow-
ing IG, the mice were kept for the experiment-imposed 
period and then sacrificed by an overdose of barbiturates. 
All internal organs, blood, bile, as well as muscle and fat 
tissues, were collected for future analyses.

Tissue processing and analyses. Organs and tissues 
for the experiments were fixed for 24 h in 4% buffered 
paraformaldehyde, and then transferred to 70% ethanol for 
storage until the embedment procedure. Fixed tissues were 
dehydrated in a series of alcohol concentrations and embed-
ded in paraffin with a STP 120 tissue processor (Microm, 
Walldorf, Germany) according to the standard histological 
procedure. Embedded tissues were then cut into 5 µm-thin 
sections with an HM 325 rotary microtome (Microm, 
Walldorf, Germany) and fixed to silane-coated microscope 
slides (Equimed Sp. J. Warsaw, Poland). Samples were then 
deparaffined in xylene and rehydrated in a series of alcohol 
solutions according to the standard histological procedure. 
Then the slides were rinsed in PBS and boiled three times 
in a 500 W microwave in a phosphate buffer for antigen 
retrieval. After cooling down, the samples were rinsed in 
PBS for 5 min. For a simple evaluation of the Y2O3:Eu dis-
tribution and for scanning cytometry, cell nuclei were coun-
terstained with HOECHST 33342 (0.1 mg/ml, 2 min.). For 
immunofluorescence, samples were incubated for 30 min. 
with 5% goat serum (GS) to block unspecific binding epit-
opes. Then, cross-sections were labelled with either primary 
rabbit anti-CPP32 antibodies (Santa Cruz Biotechnology 
Inc., Dallas, TX, USA) 1: 100 in PBS-5%GS or primary 
mouse anti-CD45 antibodies (AbD Serotec, Oxford, UK) 
1: 200 in PBS-5%GS followed by secondary chicken anti-
rabbit Alexa Fluor 488-conjugated antibodies (AF488; Life 
Technologies Polska Sp. z o.o., Warsaw, Poland) 1: 250 in 
PBS. All incubations were carried out for 1 h at room tem-
perature in a dark, humidified incubation chamber. Between 
the steps, samples were rinsed twice in PBS. Finally, after 
another rinse in PBS, a mounting medium for immunofluo-

rescence was added prior to the application of coverslips 
(Gerhard Menzel GmbH, Braunschweig, Germany). For 
Y2O3:Eu, 488 nm excitation vs. a 560IF emission filter was 
used. For HOECHST 33342, 405 nm excitation was used 
against a 430IF emission filter. For AF488, 488 nm excita-
tion vs. a 505-525 filter was used. Because of the possible 
overlap of fluorescence channels, the sequence scan mode 
was employed. Specimens were visualised under a FV-500 
confocal microscope (Olympus-Polska Sp. z o.o., Warsaw, 
Poland). Quantitative evaluation was performed under 
a SCAN^R scanning cytometer (Olympus Polska). Cells 
were identified on the basis of the outline of nuclei labelled 
with HOECHST 33342. Cell-related CD45 and Y2O3:Eu 
fluorescence was evaluated from the region within 10 pixels 
from the nucleus contour. The index of cells positive for 
CD45 and Y2O3:Eu was calculated from the total number of 
cells identified separately for each cross-section. One slide 
from each organ was evaluated for pathological changes. 
No signs of inflammation or an abnormal accumulation of 
white blood cells was observed.

Statistical evaluation was performed by Graph-Pad In-
Stat software (San Diego, CA, USA). The One-way Analy-
sis of Variance (ANOVA) was performed, followed by the 
Tukey-Kramer Multiple Comparisons Test, with p ≤ 0.05 
considered significant and p ≤ 0.001 as highly significant.

Results and discussion
Optical and physical characterisation of com-

mercial and hydrothermal Y2O3:Eu nanoparticles. 
Characterisation of the nanoparticles was performed 
at the Institute of Physics, PAS. The excitation spectra 
analyses (PLE) revealed similarities between the com-
mercial and hydrothermal Y2O3:Eu resulting from the 
intra-4f6 luminescence transitions within Eu3+ ions. 
The intensity relationship between emission lines was 
preserved in both samples, but the commercial sample 
exhibited a higher overall integral fluorescence yield in 
the whole examined range (Fig. 2a). The SEM images 
of Y2O3:Eu show the differences in the shape and size 
of the particles. The commercial powder contained 
spherical grains with rough sizes from about 10 to 
several dozen µm. In contrast, the microwave hydro-
thermal nanopowder consisted of needle-like grains 
with a width of 100-500 nm and length between 1 
and a few µm (Fig. 2, compare b and c). Although the 
hydrothermal nanoparticles exhibited a much greater 
size standardisation, they were not uniform in their 
internal structure, as was found after TEM observations 
(Fig. 1b). Inserts (Fig. 2b and c) show nanoparticles 
evaluated under a confocal microscope with 488 nm 
excitation. The overall relative intensity was higher 
for the commercial Y2O3:Eu, equalled only by the 
aggregates of hydrothermal nanocrystals. Most of the 
hydrothermal Y2O3:Eu particles showed only a frac-
tional fluorescent yield, in correspondence with the 
PLE analyses (Fig. 2a).

Qualitative evaluation of the absorption of 
Y2O3:Eu nanoparticles. Following IG, both com-
mercial and hydrothermal nanoparticles entered the 
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duodenum in a similar time, within 
1 hour (data not shown). However, 
24 h after IG, the absorption and in-
ternal distribution of nanocrystals was 
observed only for the hydrothermal 
Y2O3:Eu (Fig. 3). Red fluorescence 
from the commercial nanoparticles 
was present only on the surface of 
enterocytes within the brush-border 
(Fig. 3a). Hydrothermal Y2O3:Eu was 
absorbed through the intestinal epithe-
lium with a distinct granular pattern of 
red nanoparticle-associated fluores-
cence present throughout enterocytes, 
excluding nuclei (Fig. 3d). Similar 
results were obtained from the liver, 
with a granular pattern of the hydro-
thermal Y2O3:Eu-related fluorescence 
in the majority of hepatocytes (Fig. 
3e). On the other hand, only a few of 
the red-fluorescent aggregates were 
observed in the case of the commercial 
nanoparticles (Fig. 3b). Cross-sections 
of the duodenum from animals that 
had received either the commercial or 
hydrothermal nanoparticles were also 
evaluated for the presence of apoptotic 

cells (Fig. 3c and f). No difference in the apoptotic in-
dex was observed between the groups, and the overall 
intensity of the process did not exceed the typical extent 
of apoptosis in the adult intestine (asterisk).

Quantitative evaluation of the absorption of the 
commercial and hydrothermal Y2O3:Eu nanopar-
ticles. To verify the observations from confocal mi-
croscopy, cross-sections of the duodenum and liver 
from mice receiving both forms of nanoparticles were 
quantitatively evaluated by scanning cytometry. The 
results show a significantly higher index of cells that 
internalised hydrothermal nanoparticles compared 
with their commercial counterparts (see Tab. 1 and 2). 
The index of CD45-positive cells (leukocytes) was 
concurrently evaluated to check for inflammatory 
processes. Although, the incidence of CD45-positive 
cells in the duodenum (Tab. 1) and liver (Tab. 2) was 
slightly higher for the commercial nanoparticles, it did 
not differ significantly from that for the hydrothermal 
ones. Following reports of the role of granulocytes and 
macrophages in the uptake and circulation of quantum 
dots and other crystalline substances, we assessed 
the index of liver leukocytes involved in the uptake 
of circulating Y2O3:Eu nanoparticles. For both types 
of nanocrystals, the evaluated indexes did not exceed 
1.5% of CD45-positive cells (Tab. 2).

Our study was prompted by discrepancies in the 
literature with regard to the penetration properties of 
various nanoparticles and their distribution pattern in 

Fig. 2. Physical characterisation of commercial and hydro-
thermal Y2O3:Eu nanocrystals; a) difference in the intensity 
of the PLE profile between commercial (red line) and hydro-
thermal (black line) nanoparticles; differences in the size and 
shape between commercial (b) and hydrothermal (c) Y2O3:Eu 
nanocrystals visualised with a scanning electron microscope; 
inserts show the nanoparticles embedded in the mounting 
medium and visualised by confocal micro- 
scopy (60 × oil immersion lens)

Fig. 3. Duodenal absorption (a and d) and the distribution to the liver (b and e) of 
the commercial (a-c) and hydrothermal (d-f) Y2O3:Eu nanocrystals visualised by 
confocal microscopy (40 × lens) 24 h after IG. Y2O3:Eu nanocrystals are clearly 
visible within the enterocytes of the duodenum and hepatocytes only in the case 
of hydrothermal nanoparticles – red fluorescence (compare d and e with a and 
b). The trace of fluorescence emitted by the commercial Y2O3:Eu nanocrystals 
can just be observed on the outside of the duodenal mucosa in the brush-border 
layer (a), with just single aggregates of the commercial nanocrystals present in 
the liver (b). Evaluation of the intensity of the apoptosis process in the duodenum 
exposed to Y2O3:Eu nanocrystals (c and f). In both cases only single apoptotic 
enterocytes were observed (visualisation of active caspase 3 by green fluorescence 
of AF488 – asterisk)
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the organism (1, 5, 7, 10, 16, 19, 24, 26). We focused 
on establishing whether the size and shape of nano-
crystals affects their bioavailability and distribution 
kinetics after alimentary application. The biocompat-
ibility and intestinal absorption of the new genera-
tion of rare-earth-based fluorescent nanocrystals has 
already been confirmed. We found that, following IG, 
hydrothermally created ZrO2:Pr nanoparticles were 
quickly absorbed by the duodenal epithelium and 
rapidly (within 24 h) distributed to the liver and later 
throughout the organism (14). In the present study 
we used Y2O3:Eu nanocrystals created by the same 
method. Eu doping has a major advantage over Pr dop-
ing: its emission range in red. After 488 nm excitation, 
ZrO2:Pr exhibits predominantly green fluorescence, 
similar to the autofluorescence of tissues. Results 
presented in this paper describe differences in the in-
testinal uptake and liver content between two batches 
of Y2O3:Eu nanoparticles that were identical in their 
chemical composition and luminescence profile, but 
different in shape and size. Furthermore, the commer-
cial sample exhibited a higher overall integral emission 
intensity. It seems that larger yttria crystals enabled 
more activator substitution sites, resulting in a higher 
quantity of luminescence centres. PLE spectra (Fig. 2) 
revealed that a charge transfer band (CTB) is active in 
both Eu-doped yttrium oxides. CTB results from the 
electronic transition from the 2p orbital of the oxygen 
ion to the 4f orbital of the trivalent europium ions (18). 
Additionally, both samples could be excited because 
of 4f6 Eu3+ intrashell transitions. CTB is active below 
300 nm as the broad feature, numerous 4f-4f transitions 
are present in the range of 300-500 nm, with the highest 
peaking at 473 nm (blue range). The excitation of the 
613 nm emission line was more effective in the com-
mercial Y2O3:Eu sample in the case of CTB, as well 
as intrashell transitions. To improve the fluorescent 
yield from the hydrothermal nanoparticles, heating 
cycles were applied to rearrange their crystallinity. 
Calcination at 1000°C resulted in full recrystallisation 
with nanometer-size grains filling all the volume of the 
needle-like Y2O3:Eu particles (Fig. 1). This recrystal-
lisation process virtually transformed the single crystal-

line structure of yttrium oxide into the 
tightly joined mass of true quantum 
dots with their greatly increased fluo-
rescence governed predominantly by 
quantum effects. Although, the result-
ing nanoparticles reformed during the 
thermal annealing process, they were 
still structurally solid and resisted all 
attempts at disassociating them (data 
not shown). During the course of the 
biological experiment, we observed 
that even though the larger, commer-
cial nanocrystals presented a signifi-
cantly higher fluorescent yield (Fig. 
2a), their uptake by duodenal entero-

cytes was negligible, even 24 h after IG (Fig. 3d and 
Tab. 1). Furthermore, for the hydrothermal Y2O3:Eu, 
a clear intracellular pattern of an uneven distribution 
of nanocrystal aggregates was observed. This strongly 
suggests the involvement of active transport for their 
intracellular trafficking, similar to that observed in 
earlier experiments, both in the mouse duodenum and 
in filamentous fungi (14). Even though quantum dots 
and nanoparticles have been postulated for applications 
in biology and medicine since the 1980s, few authors 
have studied their behaviour in a living organism. Most 
of their studies were conducted with the intravenous 
(IV) application of nanocrystaline substances (1, 6, 10, 
16, 19, 26). In a few instances in which the alimentary 
uptake was reported, the authors only noted the ap-
pearance of the applied substances in blood (5, 24). 
Examples of a few thoroughly considered experiments 
were presented by Baek et al (3) and by Hillyer and 
Albrecht (15). Baek et al showed a pattern of zinc dis-
tribution throughout the organism after the alimentary 
application of ZnO nanoparticles. Although their re-
sults were interesting, the problem with their approach 
was the instability of ZnO in biological media (4, 13). 
Second paper evaluated the uptake and distribution 
of nano-gold particles of different sizes ingested by 
mice in drinking water. The authors showed the pres-
ence of nano-gold in the lungs, heart, kidneys, spleen, 
liver, gastrointestinal tract and, to a lesser extent, in 
the brain, with a clear preference for smaller particles. 
This would seem in accordance with our observations, 
yet gold particles used in their study were 4-58 nm, 
that is, much smaller than the hydrothermal Y2O3:Eu 
nanocrystals. Furthermore, TEM images presented by 
Hillyer and Albrecht showed a totally random distribu-
tion of gold particles throughout cell compartments, 
including nuclei. This observation was supported by 
research on cell lines (2). Together with our results 
and an earlier study on filamentous fungi (14) this 
phenomenon suggests an even greater significance of 
the size of nanoparticles for their uptake chance and 
further intracellular and intra-organism trafficking. It 
seems, that the smallest nanoparticles enter the cell by 
either simple diffusion or pinocytosis and, undetected 

Tab. 1. Differences in the duodenal uptake of the commercial and hydrothermal 
Y2O3:Eu nanocrystals

Duodenum Commercial Hydrothermal Significance

nanocrystals uptake (%) 5.14 ± 2.00 49.40 ± 5.36 p < 0.001

CD45-positive index (%) 4.04 ± 0.64  3.13 ± 1.01 n/s

Tab. 2. Differences in the index of liver cells participating in the uptake of the 
commercial and hydrothermal Y2O3:Eu nanocrystals

Liver Commercial Hydrothermal Significance

nanocrystals uptake (%) 3.11 ± 2.70 14.79 ± 7.72 p < 0.001

CD45-positive index (%) 4.14 ± 1.43  2.88 ± 0.56 n/s

nanocrystals uptake by 
CD45-positive cells (%) 1.10 ± 0.21  1.30 ± 0.12 n/s
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by cell transport systems, disseminate throughout 
random cellular compartments. Larger particles enter 
the cell by either endocytosis or macropinocytosis and 
are trafficked within the cell by intracellular machinery 
to their destination (or exit) points (14). This explains 
nanoparticle uptake (Tab. 1, Fig. 3d) and trafficking 
between different regions and organs in the body, and 
facilitates the observed distinct distribution (Tab. 2, 
Fig. 3e) and redistribution phases (14). Still larger 
nanoparticles cannot enter enterocytes as the size 
limit for bulk intracellular transport is considered to 
be roughly 500 nm (12). This may also answer the 
question raised by early research, where relatively 
large complexes of a nanoparticle core-shell structure 
with associated biomolecules were introduced into the 
organism IV (1, 10, 16). Authors observed a strict as-
sociation of nanoparticle accumulation and transport 
with mononuclear phagocytes. There, the probable 
mechanism of the uptake of nanoparticles was based 
on phagocytosis, in which size limits often exceed 
500 nm (12). Contrary to those observations, we did 
not find an accumulation of CD45-positive cells in 
tissues involved in the uptake (Tab. 1) and distribution 
(Tab. 2) of the hydrothermal Y2O3:Eu nanoparticles. 
Moreover, we did not observe a preference in the up-
take of nanoparticles by the CD45-positive cells; on 
the contrary, only around 1% of them proved Y2O3:Eu-
positive (Tab. 2).

The present study yielded the following conclusions:
1. Hydrothermal Y2O3:Eu nanocrystals were easily 

absorbed via the intact gut barrier in adult mice. This 
suggests a relatively easy method of their application 
as biomarkers for research and medical purposes.

2. The intestinal absorption of Y2O3:Eu nanocrystals 
depended on their size and shape, with the prerequisite 
of at least one dimension being in the nanoscale.
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