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ABSTRACT
Introduction and aim. Gadolinium–yttrium orthovanadate GdYVO4:Eu3+ nanoparticles (NPs) display dual redox activity, act-
ing as pro-oxidants or antioxidants depending on the surrounding environment, concentration, and pretreatment conditions, 
a property that can be harnessed for potential oncological therapies. This study aims to evaluate the effect of untreated and 
UV-irradiated NPs administered orally on blood biochemical parameters, liver tissue, and histological condition of liver tissue 
in an experiment on laboratory rats.
Material and methods. Male rats of the WAG population received oral colloidal NPs solutions (in untreated and UV-irradiated 
forms) at different doses: (50, 100, 200) μg/kg of body weight for 14 days. The content of medium-weight molecules, alanine 
aminotransferase activity, direct and indirect bilirubin content, and von Willebrand factor content were determined in blood 
serum. The content of reduced glutathione, superoxide dismutase, diene conjugates, and TBK-active products was determined 
in liver homogenates. Liver tissue samples were examined using morphological and morphometric methods.
Results. The formation of oxidative stress, intoxication, damage to endothelial cells, impaired membrane permeability, destruc-
tion of hepatocytes, and destruction of sinusoidal endothelial cells were detected.
Conclusion. It has been established that the introduction of GdYVO4: Eu3+ NP, both in untreated and UV-irradiated forms, in-
duces dose-dependent effects, including oxidative stress, endothelial dysfunction, intoxication, damage to hepatocyte mem-
branes, functional and histological damage to the liver, with more pronounced effects observed for UV-irradiated NPs.
Keywords. gadolinium-yttrium orthovanadate nanoparticles, hepatotoxicity, oxidative stress, UV-irradiation

Introduction
Scientific progress in chemistry and physics has opened 
new avenues in the field of nanobiotechnology, enabling 
the synthesis of specific nanoparticles (NP) and their 

widespread use in medical applications for the therapy 
and diagnosis of various serious diseases, particularly 
cancer.1 The utilization of nanomaterials holds prom-
ise for targeted drug delivery to specific organs, early 
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diagnosis, and treatment of oncologic diseases, as well 
as coating of surgical instruments and implants with 
nanoparticles, and the development of new antimicro-
bial agents, vaccines, and drugs.2

Despite the advancements, the impact of synthesized 
NPs on living organisms remains insufficiently studied. 
In recent years, there has been growing scientific inter-
est in inorganic nanomaterials based on rare-earth met-
als.3-4 The colloidal solutions of these materials exhibit 
luminescence, offering an expanded capability to moni-
tor biochemical processes.5 Currently, stable gadolinium 
compounds are commonly used as magnetic resonance 
contrast agents, serving as radiosensitizers in radiation 
therapy of oncological diseases.6 NPs with rare-earth (RE) 
ions have unique optical properties and biocompatibili-
ty,7 high photostability, absence of flicker effect, narrow 
emission lines, and prolonged luminescence.8 This makes 
it possible to use such NPs for DNA detection, protein de-
tection of proteins and study of their interactions, imag-
ing in vivo and in vitro.7 It has been shown that NPs can 
be used to increase the efficiency of chemotherapy.9 Com-
plexes based on rare-earth metals are used in gene ther-
apy.10-12 It was found that many complexes of rare earth 
metals based on inorganic compounds have antiprolifer-
ative,13 antibacterial14 anti-inflammatory15 properties. Tk-
achenko and his coauthors showed that GdYVO4: Eu3+ 
NP prevent the development of carrageenan-induced 
intestinal inflammation.16 REVO4:Eu3+ (RE=Gd,Y,La) 
nanoparticles were found to have antioxidant proper-
ties.16-17 At the same time, there are works showing that 
REVO4: Eu3+ NP exhibit pro-oxidant properties and in-
hibit enzymes of the antioxidant system (AOS).18-20 It was 
found that gadolinium-based nanocomplexes can accu-
mulate in tumor tissues and increase their sensitivity to 
radiation therapy.21 At the same time, a number of au-
thors note the presence of negative consequences of the 
use of gadolinium NP as contrast materials. The authors 
pay special attention to pathological consequences in 
brain, kidney, skin, and bone tissues, and to the devel-
opment of general hypersensitivity reactions.22 Taking 
into account the promising application of nanoparticles 
with RE ions, it should be taken into account that colloi-
dal solutions of nanoparticles themselves can exhibit bi-
ological activity. They have unique physical and chemical 
properties and are characterized by a wide spectrum of 
biological action.23 Their effect on living organisms, in-
cluding toxic effects, is due, as a rule, to the high chem-
ical and catalytic activity of the specific surface area of 
NPs, which is insignificant in particles of the same na-
ture but of larger size in most cases.24 Due to their small 
size, NPs are able to penetrate through the skin, digestive 
and respiratory systems and accumulate in cells of organs 
and tissues. The interaction of NPs with proteins is con-
sidered; the resulting complex can induce conformation-
al changes in protein molecules.25-26 GdYVO4:Eu3+ NPs 

are characterized by unique redox flexibility: depending 
on external conditions, they can promote or suppress the 
formation of reactive oxygen species (ROS). UV pretreat-
ment was shown to shift their activity from antioxidant 
to pro-oxidant, highlighting its potential for redox-mod-
ulating biomedical applications.27-28 This property of 
GdYVO4:Eu3+ that provides the prospect of their applica-
tion in medicine, in particular oncology. In in vitro exper-
iments, activated GdYVO4: Eu3+ NP was shown to induce 
the development of oxidative stress in leukocytes, leading 
to increased generation of ROS and activation of apopto-
sis.28 This feature of action may be key in the treatment 
of cancer, but in other diseases may cause the develop-
ment of fibrosis.29 The probability of the development of 
pathologic conditions caused by the use of nanomaterials 
is quite real, so the elucidation of the causes of the toxic 
action of NPs is now becoming the subject of a new di-
rection in experimental medicine.30 In many world stud-
ies, the analysis of developing toxic damage was carried 
out taking into account normal or decompensated kid-
ney function in patients (or experimental animals), since 
the excretion of these substances from the body is carried 
out mainly through the kidneys. In cases of problemat-
ic excretion of gadolinium-containing contrast agent 
through the kidneys, gadolinium accumulated in tissues. 
The name of such a pathological condition Gadolinium 
deposition disease was suggested.20 Current sources of 
scientific literature do not contain enough information; 
at the same time, such studies are necessary, since the ac-
cumulation of NP in the liver after their administration 
into the blood is significant. 

Aim
The aim of this work is to evaluate the possibility of its 
hepatotoxic effect on the biochemical parameters of 
blood, liver homogenates, and the liver histological state 
in laboratory rats based on in vivo study of the cumula-
tive effect of untreated and UV-irradiated GdYVO4:Eu3+ 
nanoparticles in different concentrations.

Material and methods
The GdYVO4: Eu3+ (GdYVO) nanoparticles were sup-
plied by the Institute of Scintillation Materials of the 
National Academy of Sciences of Ukraine under a co-
operation agreement with Kharkiv National Medical 
University (No. 173/09-19n). GdYVO NPs were synthe-
sized by a previously described method31 and provided 
as colloidal aqueous solutions containing 1 g/L of sol-
id phase, consisting of nearly spherical particles with an 
average diameter of ~2 nm. To minimize possible tox-
ic effects, the substance was administered in small dos-
es of 50, 100, and 200 μg/kg body weight for 14 days. 
Nonirradiated and UV irradiated GdYVO NPs were ad-
ministered (immediately before administration to rats, 
GdYVO NP was activated by training for 20 min with 
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UV light, in a quartz cuvette at a distance of 20 cm from 
the irradiation source, using a UV irradiation source of 
“Quartz-125” type, (λ=210-400 nm) according to the 
method described previously.27-28 The substance was ad-
ministered orally using automatic dosing.

Animal groups
The experiments were carried out in male WAG rats 
weighing between 180 and 200 g, housed in standard vi-
varium conditions with natural light and provided with 
a balanced diet. The rats were randomly assigned to sev-
en groups, each consisting of six individuals.
1. Control group (Gr. C1): 
Orally received 0.18-0.20 ml of drinking water. 
2. Experimental group 2 (EG-50): 
Received a solution of GdYVO NP at a dose of 50 µg/
kg body weight. 
3. Experimental group 3 (EG-100): 
Received a GdYVO NP solution at a dose of 100 µg/kg 
body weight. 
4. Experimental group 4 (EG-200): 
Received a GdYVO NP solution at a dose of 200 µg/kg 
body weight. 
5. Experimental group 5 (EGA-50):
Received a solution of UV-activated GdYVO NPs at a 
dose of 50 µg/kg body weight.
6. Experimental group 6 (EGA-100):
Received a solution of UV-activated GdYVO NPs at a 
dose of 100 µg/kg body weight.
7. Experimental group 7 (EGA-200):
Received a solution of UV-activated GdYVO NPs at a 
dose of 200 µg/kg body weight.
This ensures clarity about the nature of the GdYVO NPs 
in each group, indicating whether it were untreated or 
UV-activated.

Material collection
At the end of the administration of GdYVO NP solu-
tion administration on the next day, rats were removed 
from the experiment by decapitation using a guillotine, 
blood was collected, and the liver was isolated at autopsy. 
The liver suspension (approximately 300 mg) was ground 
with scissors in a mortar on ice, then saline was added (at 
the rate of 10 ml of saline per 1g of tissue), homogenized 
in a Potter homogenizer (on ice) until a homogeneous 
mass was obtained. The homogenate was centrifuged at 
600 g for 10 minutes (centrifuge Universal 320R). The su-
pernatant was used for biochemical studies. Serum was 
obtained from blood (coagulation followed by centrifu-
gation) and used for biochemical studies.

Another piece of liver tissue was fixed in 10% neu-
tral formalin for morphologic studies.

When working with experimental animals, we were 
guided by the provisions of the European Convention 
for the Protection of Vertebrate Animals (Strasbourg, 

18.03.1986, revised and amended in 2006), the Law of 
Ukraine Nos. 3447 - IV, Articles 26, 31 “On the Protec-
tion of Animals against Cruelty”, “General ethical prin-
ciples of experiments on animals”, adopted by the Fifth 
National Congress on Bioethics (Kiev, 2013).

The following biochemical techniques were used: 
- to assess the level of intoxication, the content of me-
dium mass molecules (MMM) in blood serum was de-
termined by the express method32 to assess the activity 
of lipid peroxidation (LPO), the content of diene conju-
gates (DC) and TBA-active products in liver homoge-
nates. The DC content was determined according to the 
method described in reference 33. The DC content in 
the sample was expressed in mM/g protein. The con-
centration of TBA-active products in liver homogenates 
was determined using the test with 2-thiobarbituric acid 
according to the method of Botsoglow et al.34 The con-
tent of TBA-active products was expressed in μM/g pro-
tein; – the amount of protein in tissues was determined 
by the spectrophotometric method;35 – the state of the 
antioxidant system was evaluated by the content of re-
duced glutathione and the content of superoxide dis-
mutase (SOD) in liver homogenates. SOD content was 
determined by an immunoenzymatic method using 
SOD ELISA Kit, Elabscience (USA), expressed in pkg/
mL. Measurements were performed on a semiautomatic 
analyzer Stat Fax (USA). The determination of reduced 
glutathione was performed according to the method of 
Teidze36 and Tupper.37 The content of reduced glutathi-
one was expressed in mM/g tissue. Measurements were 
performed on a Scolar PV-128 spectrophotometer; To 
evaluate the integrity of hepatocyte membranes, the ac-
tivity of alanine aminotransferase (AlAT) in serum was 
determined using reagent kits from “Filisit Diagnostics” 
(Dnipro City, UA); – to assess liver function the con-
tent of direct (DB) and indirect (IB) bilirubin in blood 
serum was determined. The determination was carried 
out using a set of reagents from the company “Filisit Di-
agnostics” (Dnepr city, UA); – to assess the state of the 
blood vessel endothelium in experimental rats, we de-
termined the content of Willibrandt factor (vWF) in the 
blood serum of rats. The determination was carried out 
by immunoenzymatic method using the Elabscience 
VWF ELISA KIT reagent kit from Elabscience Biottch-
nology (USA). Measurements were made on a Stat Fax 
semiautomatic immunoenzyme analyzer (USA). Sta-
tistical processing of the data obtained in the studies 
was carried out using the Graph Pad Prizm 5 program 
(Grath Pad Soflware, USA) using the non-parametric 
Mann-Whitney U criterion (comparison between two 
independent groups of variables). Results were present-
ed as Median (Me) and interquartile interval Me [25%, 
75%]. Differences at p<0.05 were considered statistically 
significant. To determine the effect of NPs on the func-
tional state of the liver, we performed morphological 
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and morphometric studies. After fixation, liver pieces 
were subjected to paraffin embedding and 4-5 μm thick 
slices were stained with chromic hematoxylin-eosin and 
gallocyanin alum by Einarson for nucleic acids. Micro-
scopic examination of liver micro preparations was per-
formed using a microscope with a digital camera. Using 
Photoshop 13, the optical density of the cytoplasm of 
hepatocytes in the second zone of the acinus was deter-
mined on Einarson stained liver micrographs, which al-
lows one to judge the content of RNA in the cytoplasm 
and, therefore, the level of protein synthetic function.38

Results
Biochemical research
For science and practice, it is important to determine 
the concentrations of colloidal solution of GdYVO NPs, 
at which they will be safe for the body and, at the same 
time, capable of having a therapeutic effect. On the basis 
of this, we used in experiments various concentrations 
of colloidal solution of GdYVO NPs for oral adminis-
tration, as well as their native and activated forms. The 
study of the content of medium molecules (MM) (a uni-
versal indicator of intoxication) showed that its level in 
the blood in rats of the EG-50 group, compared with the 
animals of the control group, does not differ statistically. 
The most significant difference in MM content of MM 
was observed at doses of 100 and 200 µg/kg. An increase 
in the dose of orally administered GdYVO NPs leads to 
a proportional increase in the content of MM, that is, an 
increase in the level of intoxication. The same depen-
dence is characteristic for activated NPs (Fig. 1).

It should be noted that the MM content in rat serum 
at all applied concentrations of untreated and UV-irra-
diated NPs is significantly higher than in the control 
group. Significant differences in MM content between 
the indices when using inactivated and activated NPs 
were revealed only at the dose of 200 μg/kg body weight. 
Consequently, oral administration of untreated and 
UV-irradiated GdYVO NPs to rats is accompanied by 
the development of intoxication, the degree of which in-
creases with increasing dose. A higher toxicity of UV-ir-

radiated GdYVO NP, compared to untreated ones, was 
revealed only at a dose of 200 µg/kg body weight.

To assess the integrity of hepatocyte membranes un-
der intoxication we have we studied the activity of ala-
nine aminotransferase in blood serum of rats (Table 1).

Table 1. AlAT activity (μM/hour/mL) in blood serum during 
oral administration of colloidal solution of GdYVO4: Eu3 + 
NP, [Me (25,75)] to rats*
Indicator Gr.Cl Gr. EG-50 Gr.

EGA-50
Gr.

EG-100
Gr. EGA-

100
Gr.

EG-200
Gr. EGA-

200

AlAT 0.135 
[0.119;0.153]

0.109 
[0.087;0.115]

р1=0,0057

0.150 
[0.137; 
0.168]

р1=0.0305
р2=0.0067

0.223 
[0.188; 
0.220]

р1=0.0022

0.275 
[0.258; 
0.293]

р1=0.0022
р2=0.0043

0.315 
[0.298; 
0.335]

р1=0.0022

0.355 
[0.378; 
0.550]

р1=0.0022
р1=0.0034

*AlAT – alanine aminotransferase, p1 – probability of 
differences between control and experimental groups, p2 
– probability of differences between native and activated 
groups within one dose

As can be seen from the data given in Table 1, at oral 
administration of colloidal solution of untreated GdYVO 
NPs at a dose of 50 µg/kg, the activity of AlAT is even low-
er than in the control group. ItIn case of administration 
of UV-irradiated GdYVO NPs, AlAT activity is, slight-
ly higher, and there is an insignificant change in mem-
brane permeability. When rats received a dose of 100 µg/
kg, there was a significant increase in serum ALAT activ-
ity in serum both in the case of untreated and UV-irradi-
ated GdYVO NP, and in the case of UV-irradiated NP to a 
greater extent. Changes of the same nature, but more pro-
nounced, occur with oral administration of GdYVO NP 
at a dose of 200 µg/kg. Consequently, at doses of 100 and 
200 µg/kg there is a significant dose-dependent change in 
permeability of the hepatocyte membrane. The study of 
the concentration of lipid peroxidation (LPO) products 
in the liver homogenates of experimental rats showed that 
in the EG-50 and EG-100 the content of DC increased 
significantly and in the corresponding groups EGA-50 
and EGA-100 the degree of increase is even greater (Ta-
ble 2). As can be seen from the data given in the table, the 

Fig. 1. Content of middle molecules (standard units) in the blood serum of rats after administration of the GdYVO4: Eu3+ NP 
solution (in untreated and UV-irradiated forms), each group compared to the control group, * p <0.05
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higher the administered dose of GdYVO NPs, the greater 
the index value.

Table 2. Content of DC and TBA active products in liver 
tissue homogenates in rats during oral administration of 
a colloidal solution of GdYVO4: Eu3+ NP (in untreated and 
UV-irradiated forms), [Me (25, 75)]*
Groups/Indicators DC, mM/g protein TBA-active products, μM/g protein
Gr. Cl 58.71 [58.54; 60.88] 26.63 [24.32;27.22]
Gr. EG-50 62.01 [60.39; 62.85]

р1=0.0260
27.35 [26.78; 28.12]

р1=0.0047
Gr. EGA-50 65.93 [64.97; 66.91]

р1=0.0022
р2=0.0024

28.34 [27.39; 28.75]
р1=0.0032
р2=0.0028

Gr. EG-100 74.43 [72.00; 75.46]
р1=0.0023

31.12 [29.88; 32.25]
р1=0.0035

Gr. EGA-100 79.02 [76.38; 80,50]
р1=0.0022
р2=0.0043

32.36 [32.07; 32.86]
р1=0.0029
р2=0.0021

Gr. EG-200 90.85 [89.17; 91.70]
р1=0.0022

36.45 [36.12; 37.03]
р1=0.0024

Gr. EGA-200 98.15 [96.35; 99.79]
р1=0.0022
р2=0.0022

38.42 [37.94; 38.66]
р1=0.0039
р2=0.0121

* DC – diene conjugates, p1 – probability of differences 
between control and experimental groups, p2 – probability 
of differences between native and activated groups within 
one dose

Table 3. Content of SOD and glutathione in liver tissue 
homogenates in rats during oral administration of colloidal 
solution of GdYVO4: Eu3+ NP (in untreated and UV-
irradiated form) [Me (25, 75)]*

Groups/Indicators SOD, pkg/mL Glutathione, mM/g tissue

Gr. Cl 2.11 [1.97; 2.21] 25.73 [25.53; 25.97]

Gr. EG-50 3.75 [3.71; 3.86]
р1=0.0056

27,00 [26.92; 27.25]
р1=0.0038

Gr. EGA-50 3.82 [3.77; 3.89]
р1=0.0031
р2=0.0502

26.48 [26.34; 26.75]
р1=0.0056
р2=0.0347

Gr. EG-100 1.95 [1.90; 2.06]
р1=0.0067

23.42 [23.27; 23.56]
р1=0.0022

Gr. EGA-100 2.03 [1.98; 2.09]
р1=0.0058
р2=0.0487

20.34 [20.19; 20.58]
р1=0.0022
р2=0.0039

Gr. EG-200 0.87 [0.85; 0.91]
р1=0.0018

19.22 [19.13; 19.46]
р1=0.0019

Gr. EGA-200 0.69 [0.64; 0.73]
р1=0.0019
р2=0.0022

16.34 [16.19; 16.57]
р1=0.0019
р2=0.0019

* SOD – superoxide dismutase, p1 – probability of 
differences between control and experimental groups, 
p2 – probability of differences between the untreated and 
UV-irradiated groups within one dose

As can be seen from the data in Table 2, the rats of 
EG-200 and EGA-200 groups have the highest content of 
DC in liver homogenates among all groups. We also can 
say that the level of increase in DC concentration in gen-
eral is higher with introduction UV-irradiated GdYVO 

NPs, even among lower administered concentrations. 
Analysis of the the content of end products of the active 
products of lipid peroxidation TBA showed that their 
concentration in liver homogenates changes significantly 
(but reliably) changes in rats of the EG-50 and increases 
EGA-50 groups, and significantly increases in the EG-100 
and EGA-100 groups and to the greatest extent in rats of 
the EG-200 and EGA-200 groups (Table 2).

As can be seen from the data obtained by us, at the 
introduction of UV-irradiated GdYVO NPs the degree 
of increase in the concentration of end products of LPO 
is higher than that at the introduction of untreated NPs, 
which indicates higher pro-oxidant properties of UV-ir-
radiated GdYVO NPs. One of the main indicators of the 
the state of antioxidant system is the following superox-
ide dismutase (SOD) (Table 3).

As can be seen from the data we received when in-
troducing the SOD content SOD significantly increased 
equally in the EG-50 and EGA-50 groups of rats, com-
pared to the C1 group. In rats in the EG-100 and EGA-
100 groups, the SOD content decreases, and in the case 
of the introduction of untreated GdYVO NPs, the degree 
of decrease in the enzyme content is significantly higher. 
In rats in the EG-200 and EGA-200 groups, an even more 
pronounced and significant decrease in SOD content is 
observed compared to the control group, and in the EGA-
200 group, the decrease in the enzyme content is more 
pronounced than in the EG-200 group. Equally import-
ant for characterizing the state of the antioxidant system 
in the liver is the study of the content of reduced gluta-
thione, reflecting the state of the glutathione system. The 
results of the study of the reduced glutathione in liver ho-
mogenates from experimental rats are presented in Table 
3. As can be seen from the data we obtained, in the group 
of rats EG-50 and EGA-50, the reduced glutathione is 
significantly higher than in the control group. In the rat 
groups, the content of SH-glutathione EG-100 and EGA-
100 is lower than in the control, and in EG-100 is signifi-
cantly lower than in gr. EGA-100. The same dependence 
is typical for the EG-200 and EGA-200 groups. Conse-
quently, UV-irradiated and untreated NPs (to a greater 
extent), administered at a low dose (50 µg/kg), have re-
storative properties, increasing the adaptive potential. 
At higher doses, untreated GdYVO NPs do not exhib-
it reducing properties, while UV-irradiated NPs exhibit 
pro-oxidant properties. To assess possible damage to the 
endothelium in the presence of intoxication, the concen-
tration of vWF was studied (Table 4).

At the application of only UV-irradiated NP at a 
dose of 50 µg/kg, there is a significant increase in the 
content of FVB compared to the animals of the control 
group. At doses of 100 µg/kg and 200 µg/kg, significant 
dose-dependent differences in vWF content between 
the control and experimental groups of rats, as well as 
between the untreated and UV-irradiated groups with-
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in the same dose-dependent differences. The data ob-
tained by us indicate that endothelial dysfunction is 
significantly expressed in rats when NPs are adminis-
tered both UV-irradiated and untreated at doses of 100 
and 200 µg/kg, to a greater extent when using UV-irra-
diated GdYVO NPs. At a dose of 50 µg/kg endotheli-
al dysfunction develops only when UV-irradiated NPs 
are used. 

Table 4. Content of Willibrandt factor (vWF), indirect (IB), 
and direct (DB) bilirubin in rat blood serum during oral 
administration of colloidal solution of GdYVO4: Eu3+ NP (in 
untreated and UV-irradiated form), [Me (25, 75)]*
Groups/Indicators vWF , ng/ml IB, μM/l DB, μM/l

Gr. Cl 4.79 [4.62; 4.94] 9.85 [9.35; 10.23] 2.79 [2.63; 2.86]

Gr. EG-50 5.04 [4.89; 5.35]
р1=0.0931

9.92 [9.67; 10.19]
р1=0.270

2.03 [1.97; 2.08]
р1=0.0058

Gr. EGA-50 6.05 [5.84; 6.19]
р1=0.0022
р2=0.0022

11.15 [11.03; 11.27]
р1=0.0055
р2=0.0034

1.82 [1.78; 1.97]
р1=0.0035
р2=0.0045

Gr. EG-100 13.97 [13.72; 14.06]
р1=0.0022

13.05 [12.96; 13.17]
р1=0.0025

1.88 [1.79; 1.94]
р1=0.0032

Gr. EGA-100 17.16 [17.13; 17.46]
р1=0.0022
р2=0.0022

14.55 [14.12; 14.67]
р1=0.0022
р2=0.0034

1.72 [1.68; 1.81]
р1=0.0022
р2=0.0022

Gr. EG-200 34.50 [34.41; 34.72]
р1=0.0022

15.98 [15.47; 16.22]
р1=0.0022

1.52 [1.44; 1.59]
р1=0.0019

Gr. EGA-200 49.08 [48.97; 49.31]
р1=0.0022
р2=0.0022

16.59 [16.22; 17.08]
р1=0.0019
р2=0.0043

1.43 [1.39; 1.48]
р1=0.0018
р2=0.0035

* p1 – probability of differences between control and 
experimental groups, p2 – probability of differences between 
untreated and UV irradiated groups within one dose

It is known that one of the most important func-
tions of the liver is the conversion of toxic indirect 
bilirubin (IB) into nontoxic, water-soluble bilirubin di-
glucuronide (direct bilirubin, DB). In this regard, in 
order to evaluate the detoxifying function of rat liver 
during administration of untreated and UV-irradiat-
ed GdYVO NP, we studied the content of DB and IB in 
the blood serum of experimental rats. The IB content in 
the blood of the group of rats (EG-50) practically does 
not differ from the level of the control group, and in the 
EGA-50 group it was significantly higher than in the 
control group. In the EG-100 and EGA-100 groups IB 
concentration is significantly higher than in the control 
group, and in the EGA-100 group of rats it is significant-
ly higher than in the EG-100 group. The same character 
of changes, but more pronounced, is observed in groups 
EG-200 and EGA-200. The DB content in rats of groups 
EG-100 and EGA-100 groups is significantly lower than 
in the control group, and in rats of the EGA-100 gr. rats 
it is significantly lower than in rats of the EG100 gr. are 
established between the DB content in the control group 
of rats and in the groups of rats EG-200 and EGA-200. 
As can be seen from a data obtained by us, the dose-de-

pendent increase in the IB content with a decrease in 
the DB content is observed during the introduction of 
GdYVO NPs, especially in the case of UV-activated NPs. 
The data obtained indicate that the introduction of NPs 
(particularly UV-irradiated) leads to a decrease in the 
conjugation process, which is obviously associated with 
a decrease in the activity (or content) of the conjugation 
enzyme UGT-glucuroniltransferase and indicates a de-
crease in the detoxification function of the liver and im-
paired hepatocyte integrity. Thus, the biochemical assays 
used in this study showed dose-dependent intoxication 
of the body, the development of oxidative stress in the 
liver, and the activity of the GdYVO NPs was enhanced 
by preliminary activation (UV-irradiation). The circula-
tion of NPs in the bloodstream leads to a dose-depen-
dent death of the vascular endothelium. Furthermore, 
the entry of NPs from the intestine through the portal 
system× to the liver led to an increase in the content of 
NPs against the background of a decrease in the content 
of DB in the blood serum.

Morphological studies
The morphological study of liver tissue allowed to con-
firm pathological metabolic changes. In intact animals 
(C1 gr.) the lobular structure of the liver, with well visi-
ble beams of hepatocytes well-visible beams of hepato-
cytes, with correct, id est not altered placement of triads 
and central veins. The space around the triads (periportal 
space) has no leukocytic infiltrates. Central veins do not 
have a collagen layer in the wall. At the same time in the 
central vein and surrounding sinusoids there is a vary-
ing degree of marked hemorrhage, probably due to ex-
tinction of the cardiac function during slaughter and the 
development of general venous hemorrhage. The nuclei 
of the hepatocytes are light-colored, with small clumps 
of chromatin, and the cytoplasm in the periportal zone 
darker than in the area around the central vein (Fig. 2). 
In microdissections stained with gallocyanin-chromic 
alum according to Einarson (histochemical staining for 
nucleic acids), cytophotometry was performed. Cytopho-
tometric determination of the optical density of hepato-
cyte cytoplasm in the intermediate zone of the liver lobe: 
Dk=0.226±0.018 CU of optical density, which can be 
considered as an indicator of the level of RNA present in 
the cytoplasm. Sinusoids are lined by endothelium with 
dark, flat nuclei, the presence of Kupffer cells is moderate.

In animals, which received a course of GdYVO NP 
at the minimum dose (EG-50 gr.), the histological pic-
ture of the appearance of signs of minimal damage to 
liver tissue, which is accompanied by regeneration and 
increase in its morpho-functional activity. Namely: in 
the intermediate (2nd) zone of liver acinuses, there are 
found areas with absence or decrease in the number of 
endotheliocytes and Kupffer cells in the lining of sinu-
soids (Fig. 2). In these areas, hepatocytes have a dark 
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pycnotic nucleus. In other parts of this zone, there is an 
increase in the number of endotheliocytes and Kupffer 
cells in the lining of the sinusoids, and hepatocytes, re-
spectively, with a larger nucleus and a higher RNA con-
tent in the cytoplasm.

When staining micropreparations with gallocya-
nin-chromium alum according to Einarson, the aver-
age optical density of the hepatocyte cytoplasm in this 
zone of the liver lobules is less than in C1 gr. (Fig.4). It 
was possible to detect a section of the sinusoid where 
an endothelial “kidney” was formed as a result of endo-
theliocyte proliferation to replenish the dead endothe-
lial lining of the sinusoid (Fig. 2). The periportal space 
is somewhat expanded with the appearance of minimal 
leukocyte infiltration. The central veins and adjacent si-

nusoids are full-blooded to a greater extent than in C1 
gr., in some places the endothelial cover of the central 
veins is desquamated.

In EGA-50 gr. the damage to the endothelium of 
sinusoids and hepatocytes in the intermediate zone of 
the liver lobes is noticeably more pronounced, small ar-
eas of hepatocyte death appear similar to the area oc-
cupied by 3-5 nearby hepatocytes. At complete lysis, 
these hepatocytes forms a very small pseudocyst, with a 
few leukocytes. On micro drugs stained with gallocyan-
in-chromic alum, the focal decrease in RNA content in 
the cytoplasm of hepatocytes in the intermediate zone 
and the focal increase, obviously, in young regenerated 
hepatocytes. When micro-drugs are staining with gallo-
cyanin-chromic alum by Einarson, the average value of 

small clumps of chromatin, and the cytoplasm in the periportal zone darker than in the area around the 

central vein (Fig. 2). In microdissections stained with gallocyanin-chromic alum according to Einarson 
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Fig. 2. Microslides of the liver routinely stained with hematoxylin and eosin (A, B, C, E, F), 

Einarson's gallocyanin stain (D). A: Control group – well-preserved liver histostructure; periportal 

infiltrate is absent (×100); B: Control group - In the 2nd zone nuclei of hepatocytes are light colored, 

euchromic and moderately heterochromic, the cytoplasm is eosinophilic, non-vacuolated (×400); C: 

Gr. EG-50 - In the 2nd zone of acinus many small focuses with full karyolysis of hepatocytes, 

functioning hepatocytes have larger and lighter nuclei, the cytoplasm is non-uniformly eosinophilic, 

lower number of sinusoids endotheliocytes of sinusoids (×400); D: Gr. EGA50 – a small focus of 

Fig. 2. Microslides of the liver routinely stained with hematoxylin and eosin (A, B, C, E, F), Einarson’s gallocyanin stain (D). 
A: Control group – well-preserved liver histostructure; periportal infiltrate is absent (×100); B: Control group – In the 2nd 
zone nuclei of hepatocytes are light colored, euchromic and moderately heterochromic, the cytoplasm is eosinophilic, non-
vacuolated (×400); C: Gr. EG-50 – In the 2nd zone of acinus many small focuses with full karyolysis of hepatocytes, functioning 
hepatocytes have larger and lighter nuclei, the cytoplasm is non-uniformly eosinophilic, lower number of sinusoids 
endotheliocytes of sinusoids (×400); D: Gr. EGA50 – a small focus of necrosis with neutrophil infiltrate of neutrophils (×400); 
E: Gr. EG-100 – small petrification in the necrosis zone (×400); F: Gr. EG-100 – Hepatocytes in the 2nd zone with a significant 
decrease in the number of sinusoid endotheliocytes and collapse of sinusoids
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optical density of hepatocyte cytoplasm in this zone of 
the hepatic lobules is unreliably lower than in gr. C1 and 
unreliably differs from the value of this index in exper-
imental groups of this index in EG-50 (Fig. 4). A small 
leukocytic infiltrate is observed in the periportal spac-
es. Additionally, there is more pronounced chromatin 
margination in the nuclei of hepatocytes located in the 
zone around the central vein, which is a sign of apopto-
sis vein, which is a sign of apoptosis.

When animals receive a daily dose of GdYVO NPs 
100µg/kg (EG-100) liver damage increases compared to 
EG-50 gr.: in the 2nd zone the areas dominate, where 
sinusoids collapsed due to the absence of endothelium 
and Kupffer cells and therefore such areas look like con-
tinuous complexes of hepatocytes without bar structure 
(Fig. 3). The nuclei of these hepatocytes are dark and 
hyperchromic, and the cytoplasm has a reduced RNA 
content. When staining micro-preparations with gallo-

Fig. 3. Microslides of the liver routinely stained with hematoxylin and eosin (B, C, D, E, F), Einarson’s gallocyanin stain (A), A: 
Gr. EG-100 – reduction in trabeculae, large number of leukocytes in blood in a branch of v. portae (×100); B: Gr. EGA-100 – 
presence of several small pseudocysts in the second zone sites (×100); C: Gr. EG-200 – mosaic picture of the death of small 
groups of hepatocytes with signs of karyolysis (×400); D: Gr. EGA-200 – inflammation of a biliary duct in the triad, partial 
destruction of its wall by an infiltrate (×400); E: Gr. EGA-200 – a large pseudocyst with dead hepatocytes not yet lysed in the 
lumen (×100); F: Gr. EGA-200 – parallel to hepatocyte destruction, dilatation of biliary capillary dilation with cholestasis is 
observed (×400)
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cyanin-chromium alum according to Einarson, the av-
erage optical density of the cytoplasm of hepatocytes in 
this zone of the liver lobules is significantly less than in 
1 gr. There is a small infiltration in the periportal spac-
es, and fullness is present not only in the central veins, 
but also in the branches of the portal vein, where venous 
blood contains a large amount of leukocytes.

In EGA-100 gr., the damage to the sinusoid lining 
and hepatocytes is stimulated so much compared to gr. 
stimulated, as compared to EG-100 gr, that numerous 
small pseudocysts are formed in the liver tissue in the 
same location, numerous small pseudocysts are formed 
in the hepatic tissue in the same localization, resulting 
from the death of groups of hepatocytes. The absence of 
leukocytes around the perimeter of these pseudocysts is 
noteworthy, indicating that the foci of hepatocyte death 
are likely to be formed by apoptosis rather than necro-
sis. Small periportal leukocytic infiltrates are combined 
with bile duct hyperplasia (3-4).

Obviously, hepatocyte death is so intensive that the 
reparative potential of young hepatocytes in the peri-
portal zone is insufficient, and figures of hepatocyte mi-
tosis are found in the central parts of the space between 
the central vein and the triad. When staining microdis-
sections Einarson Gallocyanin-Chrome Alum average 
value of the optical density of cytoplasm of hepatocytes 
in this hepatic lobule zone was higher than in C1 gr. and 
in EG100 gr. (Fig. 4), probably caused by the general de-
crease in the number of hepatocytes in the second zone 
and compensatory activation of the morphofunctional 
state of working hepatocytes.

 
Fig. 4. Optical density of hepatocyte cytoplasm (conditional units, CU) during oral administration of 

colloidal solution of GdYVO4: Eu3+ NP (in untreated and UV-irradiated forms), each group compared 

to the control group, * ‒ p <0.05 

 

In animals that received the maximum daily dose (EG-200 gr), hepatocytes die even more intensely 

than in EG-100. Frequent areas of liver tissue, mainly in the intermediate zone, where the trabecular 

structure is absent, which means that sinusoids have "lost" endothelial lining and collapsed, and 

hepatocytes in the form of groups of different sizes are in a state of karyolysis (Fig. 3). The optical 

density of the cytoplasm of functioning hepatocytes in micro-drug staining according to Einarson, in 

comparison with EG-100 gr. compared to EG-100 gr, is reliably higher, which can also be conditioned 

by the higher morphofunctional activity of such hepatocytes, which, obviously, has a compensatory 

significance. The consequence of the focal death of hepatocytes without adequate regeneration is the 

convergence of triads and central veins. Periportal space with leukocytic infiltrate, increased number 
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there are many lymphocytes and macrophages. Hepatocytes have cytoplasm with a very low RNA 
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that is, in these conditions there is a decompensation of the ability of functioning hepatocytes to 

synthesize RNA. The periportal space has even more pronounced leukocytic infiltration. The wall of 

the bile duct in the portal tract can be segmentally infiltrated and practically destroyed by leukocytes. 

In this way, the morphological analysis also confirmed a dose-dependent hepatic tissue lesion induced 

by GdYVO4:Eu3+ NPs, with the damage further enhanced by UV-activated NPs. 
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Fig. 4. Optical density of hepatocyte cytoplasm 
(conditional units, CU) during oral administration of 
colloidal solution of GdYVO4: Eu3+ NP (in untreated and 
UV-irradiated forms), each group compared to the control 
group, * – p <0.05

In animals that received the maximum daily dose 
(EG-200 gr), hepatocytes die even more intensely than in 
EG-100. Frequent areas of liver tissue, mainly in the in-
termediate zone, where the trabecular structure is absent, 
which means that sinusoids have “lost” endothelial lining 

and collapsed, and hepatocytes in the form of groups of 
different sizes are in a state of karyolysis (Fig. 3). The opti-
cal density of the cytoplasm of functioning hepatocytes in 
micro-drug staining according to Einarson, in compari-
son with EG-100 gr. compared to EG-100 gr, is reliably 
higher, which can also be conditioned by the higher mor-
phofunctional activity of such hepatocytes, which, obvi-
ously, has a compensatory significance. The consequence 
of the focal death of hepatocytes without adequate regen-
eration is the convergence of triads and central veins. Peri-
portal space with leukocytic infiltrate, increased number 
of bile ducts. In EGA-200 gr. pseudocysts are more nu-
merous and larger. In the preserved sinusoids there are 
many lymphocytes and macrophages. Hepatocytes have 
cytoplasm with a very low RNA content: the optical den-
sity of the cytoplasm at Einarson staining is 0.119±0.021 
CU of optical density, that is, in these conditions there is a 
decompensation of the ability of functioning hepatocytes 
to synthesize RNA. The periportal space has even more 
pronounced leukocytic infiltration. The wall of the bile 
duct in the portal tract can be segmentally infiltrated and 
practically destroyed by leukocytes. In this way, the mor-
phological analysis also confirmed a dose-dependent he-
patic tissue lesion induced by GdYVO4:Eu3+ NPs, with the 
damage further enhanced by UV-activated NPs.

Discussion
Recently, nanomaterials with controllable pro and anti-
oxidant properties have attracted considerable attention 
as a novel therapeutic approach for various diseas-
es, including cancer.39 Among them, GdYVO4: Eu3 + 
nanoparticles (GdYVO NPs) with tunable redox activi-
ty appear particularly promising for anticancer applica-
tions due to their ability to modulate toxicity.17-19,27,28 At 
the microscopic level, the enhanced toxicity of UV-ir-
radiated GdYVO NPs can be attributed to their photo-
catalytic properties. Specifically, UV exposure induces 
the generation of electron–hole pairs.27,28 In nanopar-
ticles with a high density of structural defects, these 
defects act as traps for photoinduced charge carriers, al-
lowing them to accumulate. Over time, trapped carriers 
migrate to the surface of the nanoparticle, where they 
interact with oxygen and water molecules, producing 
ROS such as O2

•− and ×OH, a phenomenon referred to 
as “dark ROS generation”.27,28 Furthermore, it has been 
shown that UV pre-treatment of GdYVO NPs leads to 
partial reduction of Eu3+ to Eu2 +.18 Electrons stored 
in Eu2+ can subsequently drive ROS production even in 
the absence of light.18 Furthermore, the ultrasmall size 
of GdYVO NPs (~ 2 нм) may further influence their cel-
lular internalization and subcellular interactions, thus 
contributing to their cytotoxic effects.23,40

The objective of our study was to assess the risk of 
toxic liver damage with oral administration of a colloi-
dal solution of NPs depending on the dose and UV ir-
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radiation. Our investigation of MM in the blood serum 
of experimental rats revealed a significant increase in 
content, particularly in groups subjected to doses of 100 
and 200 µg/kg (EG-100, EGA-100, EG-200 and EGA-
200). In particular, this increase was more pronounced 
in groups where NPs were irradiated with UV light at 
these doses. Surprisingly, even in the EG-50 and EGA-
50 groups, a substantial increase in MM content was 
observed. These findings suggest a dose-dependent in-
toxication in rats. It is plausible that toxicity is associ-
ated not directly associated with NPs themselves, but 
rather with their complexation with proteins.25-26 Inves-
tigation of AlAT activity in blood has revealed that the 
introduction of NPs GdYVO4:Eu3+ into the organism in-
duces a dose-dependent increase in hepatocyte mem-
brane permeability. Specifically, within the EG-50 and 
EGA-50 groups of rats, no discernible disturbance in 
permeability was observed. On the contrary, within the 
EG-100 and EGA-100 groups, a notable increase in per-
meability was detected. The most substantial increase, 
surpassing the values observed in the control group, 
was observed in the EG-200 and EGA-200 rat groups. 
More pronounced disorders are observed in rats inject-
ed with activated NPs, which may be the cause of struc-
tural and metabolic disorders in the liver. Microscopic 
examination of hepatic tissue revealed toxic damage to 
hepatocytes, primarily concentrated in the intermedi-
ate zone of the liver lobule-where venous blood from the 
gastrointestinal tract enters the sinusoids through the v. 
portae system. The intensity of hepatocyte damage is sig-
nificantly with the dose of NPs administered to the an-
imals. In the EG-50 group, this damage is characterized 
by areas with pyknotic nuclei and weak histochemical 
staining of the cytoplasm for RNA. In contrast, in the 
EG-200 group, the damage is more severe, manifesting 
itself as large pseudocysts formed during the course of 
the experiment. These pseudocysts likely result from the 
utilization of the cytoplasm, indicating the death of he-
patocytes. Preliminary UV activation of NPs at all doses 
administered led to more pronounced damage to he-
patocytes. The degree of destruction in liver tissue across 
all main groups, including the EGA groups, aligns with 
the concurrent increase in the content of MMM and 
AlAT activity in serum. As described above, HP intake 
of HPs into the organism does not exclude the possibil-
ity of activation of the peroxidation process.19 The data 
obtained by us indicate that in oral administration of 
colloidal solution of GdYVO4:Eu3+ in groups of rats EG-
100, EGA100, EG-200 and EGA-200 showed a dose-de-
pendent increase in the content of LPO products against 
the background of decreased content of SOD and glu-
tathione (the main components of the antioxidant sys-
tem) which indicates the development of oxidative stress. 
The development of oxidative stress is more pronounced 
when NPs is administered at a dose of 200 µg/kg. Among 

the EG-50 and EGA-50 groups, the development of oxi-
dative stress, apparently, is prevented by increasing AOS 
activity. It should be noted that we revealed an interest-
ing fact: only when nanoparticles are administered at a 
dose of 50 µg/kg, UV-irradiated and, to a greater extent, 
untreated NPs have pronounced antioxidant properties. 
According to data of other researchers, obtained by the 
introduction of similar NPs but do not have in their yt-
trium composition, pronounced antioxidant properties 
are observed even in oral administration in doses of 200-
300 µg/kg for 20 days.41 Apparently, the composition of 
NPs significantly affects both their adhesive properties 
and the redox potential of the system.42

Morphologically, we have also confirmed the “un-
folding” of both intracellular and cellular regeneration of 
hepatocytes in response to their destruction. In the EG-
50 group, many hepatocytes emerge around foci con-
taining dying hepatocytes, characterized by larger and 
lighter-colored nuclei. A comparative analysis of the cy-
tophotometrically determined RNA content in the he-
patocyte cytoplasm (Ill.2) prompts us to explore the 
unexpectedly high level of RNA in the EGA-100 group, 
surpassing that of the EG-100 group. Examination of 
liver micropreparations in the intermediate zone of the 
lobe reveals that in the EGA-100 group, there are relative-
ly few hepatocytes in a wild-type state compared to the 
EG-100 group. However, pseudocysts are larger and more 
frequent. Consequently, it can be argued that preirradi-
ation of NPs administered in a high dose enhances the 
process of hepatocyte death and dystrophy. The remain-
ing ‘healthy’ hepatocytes work more intensively, leading 
to a higher RNA content in the cytoplasm. At the maxi-
mum dose of nanoparticles in the EGA-200 group, dys-
trophic hepatocytes dominate among the remaining cells. 
Therefore, the RNA content in these hepatocytes is low-
er than in the EG-200 group. It is known that intoxica-
tion, the presence of oxidative stress, and direct contact 
of NPs with endotheliocytes are risk factors for endothe-
lial damage.43-45 As described above, a dose-dependent in-
crease in the vWF content in the blood was revealed in all 
rats’ groups (except for EG-50 gr.), more pronounced in 
rats in the EGA groups. Consequently, endothelial dam-
age endsothelium damage occurs in rats of all groups ex-
cept EGA. The maximum damage is in the rats EGA-200 
group. Morphological examination revealed that in all 
major groups, the endothelium of the sinusoids and the 
arteries of the portal tract was severely damaged and des-
quamated. Only in EG-50 gr. there is an active prolifer-
ation of endotheliocytes in parallel, which corresponds 
to the data of the biochemical study on the content of 
vWF in blood serum. The analysis of bilirubin fractions 
revealed a dose-dependent increase in the content of IB 
against the background of DB decrease, to a greater ex-
tent at the introduction of activated NPs, which indicates 
a decrease in the activity or amount of UDP-glucanosyl-
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transferase, integrity of hepatocyte membranes. The vio-
lation of bile production was revealed morphologically: 
At the application of doses of 100 and 200 µg/kg there is 
observed proliferation of bile ducts is observed in “triads”, 
which is a compensatory mechanism in the compensa-
tory mechanism in biliary hepatitis and biliary cirrhosis 
of the liver. The presence of oxidative stress, intoxication, 
endotheliocyte damage, membrane permeability disor-
ders, hepatocyte destruction, decreased DB production 
and destruction of sinusoidal endotheliocytes allows us 
to assume that in the liver dose-dependent structural and 
metabolic disorders develop in the liver (EG-50 EG-100 
g.EG-200). At the minimal dose of 50 µg/kg, the struc-
tural and metabolic disorders are fully compensated. UVa 
NPs lead to increase of the level of structural-metabolic 
disorders in liver tissue (EGA50≤EGA-100≤EGA-200), 
which is also shown biochemically and morphologically.

Conclusion
The colloidal solution of GdYVO4:Eu3+ NPs, UV irra-
diated to a greater extent, has a pronounced dose-de-
pendent toxicity when administered to rats at the doses 
studied for 14 days. 

The administration of colloidal GdYVO4:Eu3+ NPs 
to rats at doses of 100 and 200 μg/kg body weight is 
accompanied by the development of oxidative stress, 
which is most pronounced for UV-irradiated NPs.

Intoxication, the development of oxidative stress, 
and direct contact of the nanoparticles with the endothe-
lium contribute to the development of dose-dependent 
endothelial dysfunction, especially for UV-irradiated 
NPs, as evidenced by the increase in the concentration 
of vWF, maximally expressed at a dose of 200 µg/kg. 

The increase in the activity of the indicator enzyme 
AlAT in blood serum and decrease in the DB level on 
the background of increased IB (most pronounced at 
administration of untreated and UV-irradiated NPs at 
a dose of 200 µg/kg of weight) testify about functional 
disorders (detoxification function) in the liver.

The data obtained by us allow us to conclude that 
colloidal solution of GdYVO4: Eu3+ NP at oral admin-
istration to rats in doses of 100 and 200 µg/kg of weight 
for 14 days can induce cell apoptosis mediated by the 
development of oxidative stress and significant damage 
to endothelium vessels. The possible therapeutic effect 
in cancer treatment will be accompanied by significant 
morphologic and functional liver damage, which re-
quires the use of hepatoprotectors.

When administering colloidal solution of GdYVO4: 
Eu3+ NP at a dose of 50 mcg / kg weight, no significant 
changes in the parameters were not revealed.
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