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Adult Wlstar.rats were .exposed to
lanthanum oxide nanoparticles (La,O,-
La,05-NP o NPs). Animals were initially treated

1.0, 10 and 100 mg kg
30 days

gy with single doses of La,0,-NPs
suspensions at 5.0, 50, 300 and 2000
mg kg’ per body weight (bw), which
were orally administered. Behavior
changes, symptoms of intoxication
and mortality were not observed for
individuals treated with the La,O,-NPs. However, the histological analysis of different organs of the treated
rats revealed that 300 mg kg™ and 2000 mg kg bw La,O,-NPs caused hepatic lesions. Subsequently, 40
individuals were divided in four groups with 10 individuals in each group and daily treated with water only
(control) and with 1.0, 10 and 100 mg kg™ bw La,O,-NPs. After 30 days, it was observed that the La,O,-
NPs did not affect the body weight and organs weight of the animals. The La,O,-NPs also did not change
the levels of creatinine, urea, glutamyl transferase (y-GT), alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and thiobarbituric acid reactive substances (TBARS) in blood serum. Neurotoxicity,
evaluated by the acetylcholinesterase (AChE) activity, was not observed as well. An increase of reactive
oxygen species (ROS) was found in kidney of rats treated with 100 mg kg™ bw La,O,-NPs. Conversely,
protein oxidation decreased in the liver of those animals. The catalase (CAT) activity was not affected by
La,0,-NPs and that of superoxide dismutase (SOD) was in the liver of animals treated with 10 mg kg™ bw
La,O,-NPs. Lanthanum was determined in organs and blood of the treated animals. The element was not
detected in the blood but was in the organs, in higher concentration in liver, kidneys, and heart. Lanthanum
present in the form of NPs or as free ion could not be detected. As such, it is worth investigating possible
transformation of La,0,-NPs in the organism, their elimination routes, and effects of longer exposure
times.
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INTRODUCTION

Nanoparticles (NPs) has been increasingly used with the advance of science and technology. However,
due to their nanometric dimension, NPs may lead to different biological effects when compared with
macromolecular, and monoelemental species." Therefore, studies concerning NPs toxicity are important.
It is worth citing the NPs toxicity can be influenced by the pH and ionic strength of the physiological
medium.24

The NPs effects in living organisms involves interactions with cellular components, membrane,
organelles, and macromolecules present in the cell. Different NPs, treatment doses and exposure periods
can induce different responses.® Silver nanoparticles (Ag-NPs), one of the most used and studied NPs,
with spherical form and size ranging from 30 to 90 nm, has shown cytotoxic effect against breast cancer
cell lines.%” In addition, 20 nm Ag-NPs administered orally to rats for 30 days had negatively affected their
memory and cognitive coordination.® Rare earth elements (REEs) have been increasingly used whereas
beneficial or harmful effects of them to animals and humans have been observed. However, most studies
have basically dealt with lanthanum (La) and cerium (Ce) in ionic form.*"" Lanthanum oxide nanoparticles
(La203-NPs) have been used in semiconductors, fuel cells, optic devices, magnetic data storage, ceramics,
catalyst, automobiles, biosensors, water treatment and biomedicine. Magnetic properties of La,O,-NPs
were evaluated for field-controlled markers for drug release and as a contrast agent in nuclear magnetic
resonance imaging."? La,O,-NPs have also been applied as antimicrobial and antiviral agent."*'* Therefore,
the exposure of living organisms to La,O,-NPs have increased with the increasing use of La,0,-NPs. In a
study conducted by Dressler et al. to verify La,O,-NPs deposition in bone, La,0,-NPs were administered
orally to Wistar rats, and it was demonstrated that the NPs were present only on the surface of the bone.®

Distribution of NPs in organism regions and cells (biodistribution) can be used to detect the NPs fate.'®
For example, NPs can act as carriers of drugs and target specific cells, improving medical diagnosis and
treatment.’” The NPs biodistribution can be influenced by the route of administration (intravenous, oral,
pulmonary, and dermal), physical (mainly size and shape) and chemical (reactivity) properties, besides
the physiological environment in contact with the NPs. The absorption and distribution of NPs are also
affected by the NPs coating material and surface charge.’ One of the main routes of exposure of humans
to NPs is through the consumption of products containing NPs in their composition. When ingested, NPs
can be absorbed through the gastrointestinal tract and, in contact with the bloodstream, they can interact
with proteins and other biomolecules.? In cases where NPs have protein-like dimensions of less than 40
nm and appropriate surface composition they can form complexes, which may lead to changes in proteins
structure and even alter their functions and enzymatic activities.'® For example, the enzymes alanine
aminotransferase (ALT), aspartate transaminase (AST) and gamma-glutamyl transferase (y-GT) present
in liver can be altered when this organ is injured.” Thus, alteration of these enzymes in blood provides
information about liver function and identifies possible hepatic lesions due to absorption of NPs. Renal
damage can be identified by creatinine and urea alteration in blood serum.'® Antioxidants are produced by
the organism’s metabolism system to inhibit the damage caused by the action of free radicals or non-radical
reactive species. The relationship among oxidants and antioxidants is equilibrated in normal metabolism
but the equilibrium can be affected by the increase of external agents (oxidants) that cause oxidative
stress. 202

Despite the wide application of La,O,-NPs, little is known about their effects on animals. Therefore, the
effect and distribution of La,O,-NPs in Wistar rats were studied in the present work. To this end, AST, ALT
and y-GT activities, uric acid, creatinine, antioxidant enzymes (catalase (CAT) and superoxide dismutase
(SOD)), oxidative stress (through thiobarbituric acid reactive substances (TBARS)) protein oxidation,
reactive oxygen species (ROS) and neurotoxicity were evaluated. Absorption of La,O,-NPs was evaluated
through La determination in kidney, spleen, brain, pancreas, lung, and blood.
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MATERIALS AND METHODS
Reagents and standards

Nanoparticles of La,O, with a diameter of 15-30 nm, 99.9% purity and spherical morphology were
purchased from Nanoamor (Houston, USA). These particles had been previously characterized, as reported
by Nunes et al.?? Nitric acid (65%, 1.4 kg L', Sigma Aldrich, USA) was purified by sub-boiling distillation (in
a duoPUR 2.01E system, Millestone, Sorisole, Italy) and then used in samples and solutions preparation.
Water used throughout the work was distilled and purified (final resistivity of 18.2 MQ cm) using a Milli-Q
system (Millipore Corp., Bedford, USA). Other reagents and chemicals used were of analytical grade.
Suspensions of La,0,-NPs were prepared in water and homogenized for 10 min in an ultrasound bath
(Transsonic TI-H-5, ElIma, Germany; 100 W, 25/45 kHz). Additional information about preparation of the
La,0,-NPs suspensions can be found elsewhere.? Calibration solutions (ranging from 0.0 to 10.0 pg L~
La) were prepared by dilution of a 10 mg L' multi-element solution (SCP33MS, SCP Science, Canada).
The calibration solutions were prepared in 5% (v v') nitric acid.

Animals

Sixty-day-old nulliparous and non-pregnant female Wistar rats, weighing 237-268 g each, were used
in acute toxicity tests. Sixty-day-old male Wistar rats, weighing 251-322 g each, were used in subacute
toxicity tests. The individuals were from the Central Animal House of the Federal University of Santa
Maria (UFSM), Brazil. They were acclimated for seven days before starting the experiments. During the
acclimation and experiments periods, the rats were housed in polycarbonate cages (five rats per cage) in
a room with controlled temperature (23 °C + 1) under 12 h light/dark cycle. Food and water were served ad
libitum. The study was approved by the animal ethics committee of UFSM (protocol 4250170317).

Acute toxicity tests

The toxicity tests were carried out following the Guideline 425 from the Organization for Economic Co-
operation and Development (OECD).% Doses of La,O,-NPs suspension were orally administered to the
animals; the initial dose was 5.0 mg kg™' bw. If the individual that had received this dose was still alive after
24 h, a second individual was treated with 50 mg kg' bw La,O,-NPs, followed by third and fourth individuals
receiving 300 and 2000 mg kg La,0.,-NPs bw, respectively. One individual was treated with water only
and used as control. The treated animals were observed for fourteen days, and symptoms associated with
intoxication, like tremor, convulsion, diarrhoea and salivation were monitored. In the absence of mortality
and intoxication signals, the animals were weighed, anesthetized with halothane (1-bromo-1-chloro-2,2,2-
trifluoroethane) and euthanized. Then, their heart, spleen and liver were collected for histopathological
analyses.

Subacute toxicity tests

In this case, 40 rats were divided in four groups with 10 individuals in each group, as follows: (i)
control (individuals received water only), treated with (ii) 1.0, (iii) 10, and (iv) 100 mg kg" bw La,O.-
NPs, respectively. The La,0,-NPs were administered orally (only with water in the case of the control
animals), and each animal was daily treated at 5:00 pm. Following 30 days of treatment, the animals were
weighed, anesthetized with halothane, and then euthanized. Their blood, brain, spleen, liver, lungs, heart,
pancreas, and kidneys were removed and separated. The blood was collected through cardiac puncture
and transferred to tubes containing ethylenediaminetetracetic acid (EDTA). The collected organs were
separated, weighed, transferred to polypropylene tubes, which were maintained at -20 °C until analysis.
The relative percentage of organ weight in relation to the body weight (bw) was calculated as Equation 1:

Relative organ weight (%) = (organ weight x 100)/bw Equation 1
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Blood and organs analyses

The blood samples were centrifuged at 3500 g for 15 min, the precipitated discarded and the serum
frozen at-20 °C for further analysis. AST, ALT and y-GT activities were evaluated in duplicate using a semi-
automatic analyzer (TP Analyzer Plus, Thermoplate, China) and commercial kits (Labtest Diagnostica,
Brazil). Lipid peroxidation, ROS, protein oxidation, CAT and SOD activities were determined in liver and
kidney tissues. For that purpose, separated parts of the organs were kept in 60 mmol L Tris-HCI buffer
(pH 7.4) in proportions of 1:10 (1 g of tissue in 10 mL of buffer), except for CAT and SOD. In this case,
the proportion was 1:60 (1 g of tissue in 60 mL of buffer). Subsequently, the samples were homogenized
and centrifuged at 2000 g for 10 min. Then, the supernatant was removed for analysis. Samples were
always kept refrigerated during the analysis. The acetylcholinesterase (AChE) activity was measured in
the cerebelum, estriatum, cerebral cortex and hippocampus. Absorbance was measured using an UV-
1800 spectrometer (Shimadzu, Japan) or a SpectraMax i3 Molecular Device (LLC, USA).

Lipid peroxidation

The lipid peroxidation determination (with thiobarbituric acid — TBARS) in liver and kidney homogenates
followed the method described by Olas et al.?* In short, the sample placed in a 15 mL-tube was mixed with
15% (m/v) trichloroacetic acid in 0.25 mol L-" HCI and 0.37% (m/v) thiobarbituric acid in 0.25 mol L-* HCI.
Subsequently, the tube containing the mixture was immersed in boiling water for 10 min. After cooling, the
absorbance of the obtained solution was measured at 535 nm and the calculated results expressed as
nmol malondialdehyde (MDA) mg™ protein.

ROS determination

The ROS were determined by fluorimetry (QUIMIS Q798FIL, Brasil) according to Ali et al., whose
method was adapted.?® In this method, 27,7 -dichlorofluorescein diacetate (DCFH-DA) is oxidized to
fluorescent dichlorofluorescein (DCF) by intracellular ROS. The emission intensity was measured at 525
nm, after 30 min of adding the DCFH-DA. The calculated results were expressed as U DCF (unity of
dichlorofluorescein) mg' protein.

Protein oxidation

The determination was based on the Levine method; the proteins oxidation occurs through reaction
with 2,4-dinitrophenylhydrazine (DNPH) and the absorbance of the product is measured at 370 nm.? The
results are expressed as nmol oxidized protein mg™ protein.

Activities of CAT and SOD

The SOD and CAT activities in liver and kidney were measured according to methodologies recommended
by Misra and Fridovich and Nelson and Kiesow, respectively. 2”2 The oxidation of epinephrine occurs at pH
10.5 to produce adrenochrome (of red color) whose absorbance is measured at 480 nm. The oxidation of
epinephrine is inhibited by the addition of a sample containing SOD, decreasing the absorbance. The CAT
activity was evaluated from the absorbance variation at 240 nm due to hydrogen peroxide decomposition
in the sample at pH 8.5 and temperature of 37 °C, after 10 min. The results were expressed in ymol of
SOD or CAT mg™" protein.

Acetylcholinesterase activity

The acetylcholinesterase (AChE) activity in brain tissue was measured following an adapted method
that had been developed by Eliman et al., as described by Rocha et al.?>* Thiocholine was mixed with 100
mmol L' potassium phosphate buffer (pH 7.5) and 1.0 mmol L' 5,5 -dithiobisnitrobenzoic acid (DTNB).
The DTNB was reduced to thionitrobenzoic acid, producing a yellow-colored anion whose absorbance was
measured at 412 nm. The calculated results were expressed as ymol AChE min-' mg™' protein.
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Histological analysis

The spleen, heart, and liver of rats submitted to acute toxicity were removed and kept in 10% v v
buffered formalin. After dehydration, samples of these organs were embedded in paraffin and sectioned in
6 um-thickness slices using a manual microtome. The slices were mounted on glass microscope slides,
stained with hematoxylin-eosin and Masson/Goldner trichrome and visualised in a microscope (OLYMPUS
CX21 microscope with an OLYMPUS camera).

Lanthanum determination

For La determination, liver, heart, kidney, pancreas, brain, spleen, and lung samples were decomposed
in @ microwave oven system (Speedwave 4, Berghof, Germany). The samples decomposition was carried
out in trifluoromethyl-modified polytetrafluoroethylene (TFM-PTFE) flasks, where 4.0 mL of HNO, were
added to 250 mg of sample and allowed to stand for 30 min at ambient temperature. Subsequently, the
mixture was heated at 900 W for 40 min. After cooling, the digestate was transferred to a polypropylene
flask (Sarstedt, Germany), where the sample solution volume was completed to 20 mL by adding water.

Lanthanum was determined by means of inductively coupled plasma-mass spectrometry (ICP-MS),
being employed an Elan DRCII (PerkinElmer Sciex, Canada) instrument. This instrument was equipped
with a concentric nebulizer (Meinhard Associates, USA), a baffled cyclonic spray chamber (from Glass
Expansion) and a quartz torch fitted to a 2.0 mm internal diameter injector tube. Argon (99.996%, from Glass
White Martins/Praxair, Brazil) was used as plasma, nebulizer, and auxiliary gas. The ICP-MS instrument
was operated according to the manufacturer’s recommendations. The conditions set are summarized in
Table I.

Table I. Operating conditions set for lanthanum determination using ICP-MS

Parameter Setting
Plasma power, W 1300
Plasma gas flow rate, L min™ 15
Auxiliary gas flow rate, L min™ 1.2
Nebulizer gas flow rate, L min™ 1.16
Dwell time, ms 40
Readings 5
Readings per replicate 3
Replicates 3
m/z monitored 139

Accuracy, limits of detection and quantification

Accuracy was checked by analyzing the certified reference material (CRM) NIST 1566a (oyster tissue,
from National Institute of Standards and Technology, USA). A t-test at 95% confidence level was applied
to compare the La concentration found with that certified value. To check if the differences were significant
in the other determinations, when appropriate, t-test or one-way ANOVA (analysis of variance) both at
95% confidence level were applied. The limits of detection (LOD) and quantification (LOQ) for La were
calculated through B + 3s (LOD) and B + 10s (LOQ), respectively, where B is the blank concentration
value and s is the standard deviation of 10 consecutive measurements of the blank. The LOD and LOQ
were calculated following recommendations from the International Union of Pure and Applied Chemistry
(IUPAC).
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RESULTS AND DISCUSSION
Acute toxicity effects

Behavior alterations of the animals monitored for fourteen days after oral administration of 5, 50, 300,
and 2000 mg kg™ bw La,0,-NPs were not observed. They were weighed before and fourteen days after
the La,0,-NPs administration and it was observed their weight had increased. Since the animals were in
the growth phase, the weight increase was considered normal and not caused by the La,0,-NPs given to
them. The ratio of the heart, spleen and liver weight to the body weight was not different for the different
doses of La,O,-NPs — these organs and the animals were weighed before and 14 days after the La,O,-NPs
administration. Figures 1, 2 and 3 show the histology of the liver, spleen and heart, respectively.

Figure 1. Histology of the rat’s livers: control (A), treated with 5 (B), 300 (C),
and 2000 (D) mg kg™ bw La,O.-NPs. Magnification: 10x; 40x in the inset of
Figure (A). * Denotes changes observed.

Figure 2. Spleen histology: control rat (A) and a rat treated with 2000 mg kg
bw La,0,-NPs (B). Magnification: 10x; * central arteriole; ** blank pulp; and
*** red pulp.

187



Heidrich, G. M.; Neves, V. M.; Stefanello, N.; Miron, V. V.; Lopes, T. F.; Krzyzaniak, S. R;
Mello, P. A.; Schetinger, M. R. C.; Pozebon, D.; Dressler, V. L.

W Y LR AT
1 fd;r{? s

Figure 3. Heart histology: control rat (A) and a rat treated with 2000 mg kg™
bw La,0,-NPs (B). Magnification: 10x (B); * muscle cells with central nuclei.

Normal histology with hepatocytes arranged radially from the central vein towards the periphery of the
liver lobes was observed for the control animal (Figure 1A). Remarkable changes were not observed for
the liver of an animal treated with 5 mg kg™ bw La,O,-NPs (Figure 1B). On the other hand, treatment with
300 and 2000 mg kg™ bw La,0.,-NPs resulted in hydropic degeneration of the liver (Figures 1C and 1D),
characterised by the presence of larger hepatocytes with a clear cytoplasm, small pale vacuoles and a
normal nucleus. Any change was not observed in the spleen (Figures 2A and 2B) and heart (Figures 3A
and 3B), even for the animals that had been treated with 2000 mg kg™ bw La,O.-NPs (Figures 2B and 3B).

Subacute toxicity effects

The animals were daily observed and weekly weighed; physical modifications like hair loss, mucosal
secretion, and weight loss were not detected during the treatment period (30 days) and all individuals
survived. Figure 4 shows that the animals body weight increased, and according to ANOVA, there was not
significant difference among the groups. As previously mentioned, the animals were in the growth phase
and the weight increase was considered normal.

450
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o I
- 300
= % !
D 250 -
g __cT
5 200 i _1 mg kg-‘l
3 150 | ___10mgkg"
m ___100mgkg"!
100
50
0
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Figure 4. Body weight of the rats daily treated with La,O,-NPs for 30 days.
The animals were weighed weekly. CT: control.

The animals were weighed and euthanized at the end of treatment period. Then, their organs were
collected and weighed. The relative organ weigh (organ weight x100)/bw) is given in Table Il. According
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to ANOVA, the relative organ weigh did not differ significantly among control rats and those treated with
La,O,-NPs. However, a longer time exposure to La,O,-NPs would cause possible changes in the animals

weight and must be studied em more details.

Table Il. Relative organ weight for control rats (CT) and those treated with La,O,-NPs. Values are the
mean * standard deviation for 10 specimens or individuals.

Relative organ weight, %

0.0 (CT) 1.0 mg kg bw 10 mg kg bw 100 mg kg™ bw

Organ (n=10) (n=10) (n=10) (n=10)
Brain 0.533 + 0.038 0.539 + 0.044 0.502 + 0.182 0.536 + 0.043
Liver 3.47 £ 0.11 3.66 + 0.45 3.63+1.29 3.80 £ 0.55
Left kidney 0.353 + 0.150 0.357 + 0.036 0.372 £ 0.036 0.368 + 0.032
Right kidney 0.340 £ 0.144 0.351 £ 0.027 0.366 + 0.038 0.362 + 0.037
Spleen 0.177 £0.012 0.189 +0.016 0.182 £ 0.022 0.178 £ 0.015
Right lung 0.121 £ 0.018 0.124 + 0.009 0.138 + 0.024 0.135+0.028
Heart 0.332 £ 0.031 0.340 + 0.022 0.361 + 0.054 0.337 £ 0.035
Pancreas 0.285 + 0.027 0.245 + 0.052 0.288 + 0.031 0.255 + 0.051
Body weight 359+ 24 375+ 19 386 + 24 372 +18

Creatinine, urea, y-GT, ALT and AST in blood serum

The creatinine, urea, y-GT, ALT and AST levels found in blood serum of control rats and those treated

with La,0.-NPs are given in Table Ill. The ANOVA revealed that levels were not statistically different.

Table lIl. Analysis of blood serum of control rats (CT) and those treated with La,O,-NPs. Values are the

mean + standard deviation for six individuals.

Treated with La,0,-NPs, mg kg™ bw

0.0 (CT) 1.0 10 100
Parameter (n=6) (n=6) (n=06) (n=6)
Creatinine (mg dL"") 0.4+0.1 0.4+0.1 04+0.1 0.3+0.1
Ureia (mg dL-") 47 +7 52+8 51+8 48+ 3
y-GT (U L) <1 <1 <1 <1
ALT (U L") 132+ 35 157 £ 13 140 £ 41 161+ 32
AST (U L") 48 +13 51+6 49+7 50+8

Oxidative stress in kidney

Figure 5 illustrates the oxidative stress in kidney. According to Figure 5A, the ROS levels decreased
in rats treated with 1.0 or 10 mg kg™ bw La,O,-NPs and increased in those treated with 100 mg kg bw
La,O,-NPs. The ROS level for each group of animals treated with La,0.,-NPs was significantly different
when compared with the control group animals. Decreasing TBARS levels (Figure 5B) were observed for

189



Lanthanum Oxide Nanoparticles Distribution in Wistar Rats after Oral Exposure and
Respective Effects

all treatments but with significant differences for the groups of animals treated with 10 and 100 mg kg’
bw La,0,-NPs when compared with the control group. On the other hand, significant difference was not
observed in protein oxidation (Figure 5C), CAT (Figure 6A) and SOD (Figure 6B) levels.
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Figure 5. (A) Reactive oxygen species (ROS), (B) lipid peroxidation (as TBARS) and
(C) protein oxidation levels in kidney of control rats and those treated with La,O,-NPs
for 30 days. Each group comprised six individuals (n = 6).
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Figure 6. (A) Catalase and (B) superoxide dismutase activities in kidney of control
rats and those treated with La,O,-NPs for 30 days. Each group comprised six
individuals (n = 6).

Oxidative stress in liver

The oxidative stress in liver due to La,0,-NPs administration is depicted in Figure 7. The ROS levels
in the liver (Figure 7A) of the control group animals and in those of the group treated with 10 mg kg™ bw
La,O,-NPs were significantly different. The difference was also significant for protein oxidation (Figure
7C) when the control group was compared with the group of rats treated with 100 mg kg bw La,O,-NPs.
However, for all groups the lipid peroxidation levels (Figure 7B) was not significantly different.
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Figure 7. (A) reactive oxygen species, (B) lipid peroxidation, and (C) protein oxidation
levels in liver homogenates of control rats and those treated with La,O,-NPs for 30
days. Each group comprised six individuals (n = 6).

The CAT and SOD activities were also not significantly different among the control and treated animal
groups (Figure 8), excepting SOD for the group of animals treated with 10 mg kg™ bw La,O,-NPs (Figure
8B).

A B
100 40
g 80 £ 30
o
g & a 20
S 40 5
o o
£ E 10
£E o ; ; ; 0 . ; ;
CT 1.0 10 100 CT 1.0 10 100
mg kg' body weight mg kg' body weight

Figure 8. (A) catalase and (B) superoxide dismutase activities in liver homogenates
of control rats and those treated with La,O,-NPs for 30 days. Each group comprised
6 individuals (n = 6) for CAT and 5 individuals for SOD (n = 5).

Acetylcholinesterase activity
Variation of the AChE activity was observed (Figure 9), but it was not significantly different for control

and treated animals.
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Figure 9. Acetylcholinesterase activity in brain of control rats and those treated with
La,O,-NPs for 30 days. Each group comprised six individuals (n = 6).

Lanthanum determination

The La concentration in blood of control and treated animals were lower than LOQ, which was 10 ng
g'. The LOD and LOQ for La in the organs were 1.0 ng g and 3.0 ng g, respectively. Lanthanum was
detected in all analyzed organs, where higher concentration was found in liver, kidney, and heart (Figure
10). Accumulation of La in pancreas, brain, spleen, and lung in control animals and those treated with
La,O,-NPs was not significantly different. Results for the more concentrated and diluted samples solutions
were similar, which indicated there was not matrix interference. A CRM (NIST 1566a, Oyster Tissue) was
analyzed in parallel. The La concentration found (0.28 + 0.02 ug g') agreed with that informed on the CRM
certificate (0.3 ug g), considering a t-test at 95% confidence level. In addition, possible matrix effect was
checked by diluting the sample solution.
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Figure 10. Lanthanum concentration found in organs of control (CT) rats and those
treated with La,O,-NPs. Each bar represents the mean and standard deviation for
three organs.
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Discussion

Conditions as close as possible to those in real exposure should be considered in evaluating effects and
toxicity of NPs, following in vitro and in vivo assay models. In the in vitro assay, cells are exposed to NPs
of interest and parameters like inhibition of cell growth and respiration, free radicals production, lesions in
DNA and other biochemical and cellular manifestations. In vivo assays use animal models, where growth,
mortality, organs injury, enzymes activity, oxidation of proteins, production of ROS and other parameters
are monitored.?' Such parameters may indicate changes in normal body functioning due to the presence
of NPs. Therefore, studies about the NPs toxicity are mandatory for a safer use of them. Possible effects
of La,0,-NPs were investigated in the present study, considering physical and biochemical parameters
and La bioaccumulation in different organs. Toxicity signals, body weight and ratio organ weight/body
weight alterations were not induced by 5.0, 50, 300, and 2000 mg kg™ bw La,O,-NPs. Histological analysis
revealed that the spleen and heart of rats treated with La,O,-NPs at these concentrations were not affected.
However, 300 and 2000 mg kg™ bw La,O,-NPs injured the liver. As such, the investigation was continued,
and the rats were treated with La,0,-NPs at concentration lower than 300 mg kg”' bw; the welfare and
safety of the animals were deemed in this case.

Although the body weight of the animals increased (Figure 3) during the treatment period (30 days),
this was expected because they were 60-120 days old and still in the growth phase. The La concentration
found in the analyzed rat organs (Figure 4) revealed the La,0,-NPs had accumulated in them. For each
group, the La accumulation degree in the liver, kidney and heart ranged from 0.0002% to 0.005% of the
administered La,0,-NPs amount in the period of treatment. These results are in accordance with the
distribution degree of poorly soluble NPs reported by Geiser and Kreyling.*? Similar distribution degree of
administered nickel oxide NPs has been reported, with maximum accumulation of Ni in liver and kidney
of rats.®* Nevertheless, the NPs absorption is generally unfavorable. Agglomeration of the NPs may also
difficult their absorption. The absorption of orally administered NPs can occur by specialized intestinal cells
and accumulation in tissue might occur through the lymphatic system and blood circulation, as discussed
by Silva et al. for titanium oxide NPs in humans.3*

Lanthanum was not detected in blood probably because it was collected 24 h or more time after the
last administration of La,O,-NPs. The accumulation of La in the liver can be explained by its cellular
composition: it contains Kupffer cells, which are responsible for the removal of any “foreign” substance
from blood in contact with the organ.?® Perhaps this explains why greater accumulation of La occurred in
the liver, and the La concentration in this organ increased with the La,0_,-NPs concentration increase (see
Figure 11). In previous studies, it has been demonstrated that La,O,-NPs can be incorporated in plants and
bone.??"Thus, it is possible that La,0.,-NPs have been transported to the liver through the bloodstream
and kept in the form of La,O,-NPs in the liver. Accumulation of La in the kidney may be related with the
elimination of NPs through the urine, deeming that the renal system acts as a filter of impurities in the
organism.® Accumulation of NPs in the heart remains unexplained. Park et al. observed accumulation of
vanadium oxide-NPs in mice organs as follows: heart > liver > kidney > spleen.* These authors stated that
additional studies were necessary to assess realistic causes and effects.

Creatinine, urea, y-GT, ALT and AST increase may indicate toxicity effects of La,O,-NPs; creatinine
and urea may indicate renal failure while y-GT, ALT and AST indicate hepatic lesions. The creatinine,
urea, y-GT, ALT and AST levels (see Table Ill) in the blood of animals treated or not with La,O,-NPs were
not different. Therefore, although La has accumulated in these organs, it can be affirmed that the La,O,-
NPs administered did not damage the liver and kidneys during the treatment period (30 days). These
findings corroborate those reported for organs of rats treated with copper oxide-NPs.*® Exposure to metal
oxide-NPs can induce excessive ROS generation, affects antioxidant enzymes and normal function of cell
membrane due to imbalanced oxidant/antioxidant equilibrium.-*® An increase of ROS was found in kidney
(Figure 5A) of rats treated with 100 mg kg bw La,O.-NPs. Conversely, protein oxidation decreased in the
liver of those animals (Figure 7C). Meanwhile, any significant effect of NPs on lipid peroxidation was not
observed (Figure 7B).
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The levels of ROS in the organism are controlled by protection mechanisms through the production
of antioxidant enzymes like SOD and CAT for instance; SOD catalyzes reaction reduction of superoxide
radicals to produce oxygen and hydrogen peroxide, while CAT catalyzes the hydrogen peroxide reduction
to produce water and oxygen.*®*' The CAT activity (Figure 8A) was not affected by La,O,-NPs and that of
SOD (Figure 8B) was only in the liver of animals treated with 10 mg kg™ bw La,O,-NPs.

Due to the small size of NPs they can cross the blood-brain barrier, interact with the central nervous
system and induce neurotoxicity. The NPs can affect the AChE activity, the enzyme responsible for
catabolizing acetylcholine, which is released into cholinergic synapses in the brain.*? Inhibition of AChE
induces acetylcholine accumulation and results in cholinergic toxicity and, therefore, the AChE activity
is appropriate for evaluating the neurotoxicity of NPs.** For example, Canli et al. administered aluminum
oxide-NPs (40 nm particles size) orally to rats (0, 0.5, 5 and 50 mg kg’ bw NPs).** Significant decrease of
the AChE activity in the brain of the animals was observed for all doses of NPs administered. Noor et al.
observed reduction of AChE activity in the cortical and hippocampal brain regions in Wistar rats 24 h after
receiving injection of gold-NPs (20 nm particles size).** However, in the present work the La,O,-NPs did
not affect the AChE activity (Figure 9). The size of the administered La,0,-NPs was about 15-30 nm but
these NPs can agglomerate, which would hinder their passage across the blood-brain barrier.?' This is in
accordance with the very low La concentration found the in brain (Figure 10), indicating that the NPs did
not go into the brain easily.

The La concentration in blood of control and treated animals were lower than the LOQ. However, the La
concentration was higher than the LOQ in the analyzed organs, at higher concentration in liver, kidney, and
heart; the La concentration in liver, kidney and heart of animals treated with the NPs was higher than that
in the organs of control animals. The accuracy was demonstrated through CRM analysis, revealing that
interference were not insignificant since accurate results were obtained for La. Studies about La,O,-NPs
transformation in the treated animals were not conducted. Nevertheless, in a previous study, NPs have
been found on bones surface in rats treated with La,0,-NPs.™ In this way, it can be inferred that La could
also be present in the form of NPs in the analyzed organs.

CONCLUSIONS

Administration of La,O,-NPs at concentrations of 1.0, 10 and 100 mg kg™ bw did not cause significant
changes in biochemical parameters, body weight and organ weight of Wistar rats. Although the La
concentration increased in liver, kidney and heart, oxidative stress and neurotoxicity were in general not
induced by La,O,-NPs when administered at concentration lower than 100 mg kg bw for 30 days.

Additional studies are necessary to demonstrate whether the La,O,-NPs are accumulated in the organs
for longer period and if the toxicity will increase for longer time of exposure of the animals. It is also worth
investigating possible agglomeration, solubilization or transformation of La,O,-NPs to free La (ionic form)
during their metabolism in the organism.
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