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EXPERIMENTAL STUDY

Effect of cerium oxide on erythrocyte deformability in rat

lower extremity ischemia reperfusion injury
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ABSTRACT

BACKGROUND: Cerium oxide is the oxide form of cerium, which has protective effects in ischemia reperfusion
(I/R) injury. The purpose of our study was to look into the effects of this rare-earth metal on erythrocyte deform-
ability in rat lower extremity I/R injury model.

MATERIALS AND METHODS: We used 24 Wistar albino rats as subjects in our study. They were divided into 4
groups; randomized control group (group C; n = 6), cerium oxide group 0.5 mg.kg™, intraperitoneal (group CO; n =
6), I/R group (group I/R; n = 6) and I/R group with cerium oxide 0.5 mg.kg intraperitoneally (group I/R-CO; n = 6).
Erythrocyte packs were prepared from heparinized blood samples and deformability measurements were performed.
RESULTS: We obtained similar results from the control and I/R-CO groups (p = 0.158). The results in I/R group were
evidently higher than those of the control, CO, and IR-CO groups (p < 0.0001, p < 0.0001, p = 0.001, respectively).
CONCLUSION: We detected unfavorable effects of I/R on erythrocyte deformability, which may impair blood
flow and hence tissue perfusion in infrarenal rat aorta. We also found that cerium oxide had beneficial effects
by reversing undesirable effects of I/R. Further studies with larger volume are required to support our promis-

ing results (Fig. 1, Ref. 24). Text in PDF www.elis.sk.
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Introduction

Ischemia reperfusion injury (I/R) is a notorious clinical phe-
nomenon. Reperfusion of the ischemic tissue paradoxically causes
local edema and muscle tissue necrosis. It is then followed by sys-
temic inflammatory response syndrome and multiple organ failure
(kidney, respiratory and circulatory systems etc.), which leads to
an increased rate of mortality and morbidity (1-3).

Main features of reperfusion injury are cell swelling, degenera-
tion of cell skeleton structure and loss of selective permeability at
the cell membrane. These changes all result in a reduced capillary
blood flow accompanied by tissue edema (4).

Cerium oxide (CeO,), which is an oxide of a rare-earth metal
called cerium, is an important nanomaterial. It has a wide range
of applications such as: solar cells, fuel cells, gas sensors, oxygen
pumps, and also used as a fuel additive (5).
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This rare-earth metal has been listed as one of five nanoma-
terials under investigation by the U.S. Environmental Protection
Agency. There is also growing interest in the medical field due to
its potential antioxidant capabilities (6, 7). Nonetheless, few stud-
ies examined in vitro and in vivo inflammatory effects associated
with CeO,, and especially, how it might alter systemic inflamma-
tory responses (8).

Potential use of CeO, nanoparticles to treat cardiomyopathy
(7), stroke (9), ovarian cancer (10), sepsis (11), obesity (12, hepatic
I/R (13), and intestinal I/R was investigated in several studies (14).
However, it is still unknown if CeO, nanoparticles can be used
to attenuate erythrocyte deformability caused by I/R. Our study
aimed to look into the potential effect of CeO, on lower extrem-
ity muscle ischemia and subsequent I/R injury, which is provoked
with the tourniquet method.

Materials and methods

Animals and experimental protocol

This study was conducted in the Physiology Laboratory of
Kirikkale University upon the consent of Experimental Animals
Ethics Committee of Gazi University. All the procedures were
performed according to accepted standards of Guide for the Care
and Use of Laboratory Animals.

The subjects in our study were 24 Wistar Albino rats weigh-
ing between 200 and 250 g, which were nurtured under the same
habitat. The subjects were kept under 20-21 °C within cycles of
12-hour daylight and 12-hour darkness. They were given free ac-
cess to nutrition until 2 hours before the anesthesia procedure and
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randomly separated into four equal groups of 6 animals. Ketamine
anesthesia was applied prior to midline laparotomy.

Control group (Group C): Midline laparotomy was the sole
surgical procedure without any additional intervention. After 4
hours of follow-up, blood sample was collected and subjects
were sacrificed.

Cerium oxide group (Group CO): Similarly, midline lapa-
rotomy was the sole surgical procedure without any additional
intervention. Cerium oxide 0.5 mg.kg™!' was administered intra-
peritoneally and again after 4 hours of follow-up, blood sample
was collected and subjects were sacrificed.

Ischemia-reperfusion group (Group I/R): Midline laparotomy
was done in a similar fashion. Infrarenal aorta was left clamped
for 2 hours. After removing the clamp, reperfusion was estab-
lished for another additonal 2 hours. At the end of 4 hours, blood
samples were collected from the abdominal aorta and subjects
were sacrificed.

Ischemia-reperfusion group with cerium oxide (Group I/R-
CO): After following the same steps in I/R group, cerium oxide
was given (0.5 mg.kg™") intraperitoneally 30 minutes before the
ischemia period. At the end of 4 hours, blood samples were col-
lected from the abdominal aorta and subjects were sacrificed.

Intraabdominal blood samples were collected after ketamine
(100 mg.kg™") was given intraperitoneally to all of the subjects.
Erythrocyte packs were prepared with heparinized total blood sam-
ples. Erythrocyte suspensions of 5 % hematocrit with phosphate
buffered saline (PBS) were used for deformability measurements.

Deformability measurements

First, the samples were centrifuged for ten minutes at 1000 rpm
and then serum and the buffy coat on erythrocytes were removed.
Then, isotonic PBS buffer was added to the collapsing erythrocytes.
This mixture of PBS and erythrocytes was centrifuged for another
ten minutes at the same speed of 1000 rpm. Subsequently, liquid
was removed from the upper surface. Finally, pure red cell packs
were obtained from three consequent washing processes. PBS buf-
fer was mixed with erythrocyte packs in order to obtain a value.
And those mixed suspensions with 5 % hematocrit were used for
deformability measurement. These procedures were done at 22 °C.

Deformability measurement was done with the constant-cur-
rent filtrometer system. Samples of 10 ml erytrocytes suspension
— PBS buffer were prepared for the measurement. There was a
constant flow rate of 1.5 ml/min through an infusion pump. We
used a 28 mm nucleoporin polycabonate filter. which has a pore
diameter of 5 um. A transducer detected the pressure changes
during the erythroctes passage through the filter and the collected
data was transferred to computer with MP 30 data equation sys-
tem (Biopac Systems Inc, Commat, USA). The pressure of the
system was calibrated before each measurement. Buffer (P,) and
then erythrocytes (P,) were passed subsequently through from
the filtration system and pressure changes were measured. The
relative refractory period value (Rrel) was calculated by relating
the pressure value of erythrocyte suspension to pressure value of
buffer. Increase in Rrel as the deformability index was interpreted
as adverse effect on erythrocyte deformability.
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Fig. 1. Erythrocyte deformability index values of the groups. Each
bar represents the mean + SD. * p < 0.05 compared to the Group I/R.

Statistical analysis

SPSS 17.0 software program was used for statistical analysis
and p < 0.05 was considered statistically significant. The findings
were expressed as the mean + standard deviation. Kruskal-Wal-
lis variance analysis was preferred for data evaluation. The vari-
ables with significance were evaluated with Bonferroni corrected
Mann—Whitney U test.

Results

‘We found that the relative resistance, which is a marker of eryth-
rocyte deformability, was significantly increased with IR, when
compared to the control, CO, and I/R-CO groups (p <0.05) (Fig. 1).

Comparisons with Kruskal-Wallis test showed profound dif-
ferences between the groups the (p < 0.0001). After corrections
with Bonferroni test, the following results were obtained: Com-
parisons of the control and I/R-CO groups showed similar results
(p = 0.158). The obtained values of the I/R group were signifi-
cantly higher than those of the control, CO, and I/R-CO groups
(p <0.0001, p<0.0001, p=0.001, respectively).

Discussion

There are numerous studies showing a drastic increase in oxi-
dative stress upon reperfusion (15, 16).

Several studies tested the efficacy of CeO, nanoparticles in
animal models of tissue damage. Intravenous injection of CeO,
nanoparticles has been shown to ameliorate intestinal injury fol-
lowing radiation induced damage in mice (17). In another study,
intraperitoneal injection of CeO, nanoparticles has been shown to
attenuate acute kidney injury after systemic bacterial infection in
rats (11). Although systemic administration of these nanoparticles
in mice is well tolerated (18), there is evidence for potential tox-
icity effects of nanoceria. For example, aerosol delivery of CeO,
nanoparticles can promote pulmonary inflammation (19).

Gubernatorova et al (14) used mucosal administration of CeO,
nanoparticles, which effectively blocked superoxide accumulation
in the intestine and ameliorated intestinal injury following I/R.
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It was shown that CeO, nanoparticles remain in the circulation
for a short period of time such as t1/2 of 7.5 min. upon intravenous
injection (20). It has been shown that oxidative stress drastically
increases upon reperfusion (15, 16)and the administration of CeO,
nanoparticles one hour prior to ischemia would result in bioac-
cumulation of CeO, nanoparticles in liver and scavenge ROS that
have been generated during reperfusion.

Manne et al (13) showed that CeO, nanoparticles decreased /R
induced cell death and suggested their use for prophylaxis against
hepatic injury associated with graft failure. They concluded that
CeO, nanoparticles could be a novel therapeutic approach for he-
patic IR injury.

Erythrocytes are responsible for the delivery of oxygen and
vital molecules to the final organ capillaries as well as of metabolic
wastes. They must be able to extend and curve to move in the cap-
illary level hence this capacity, termed as “deformability” is much
more important in microcirculation. Decreased erythrocyte de-
formability alters the oxygen delivery capacity and also has a nega-
tive impact on the survival of the circulating erythrocytes(21-23).

In vitro CeO, exposure leads to an increase in of PGD2, TNF-a,
IL-6 and osteopontin production by cultured mast cells. In contrast
to other studies, Wingart et al® showed that CeO, nanoparticles
trigger mast cells and contribute to pulmonary inflammation, im-
pairment of vascular relaxation and exacerbation of myocardial
I/R injury (Mast cells contribute to altered vascular reactivity and
I/R injury following CeO, nanoparticle instillation).

Kotsuruba et al (24) used for 14 days per os in old rats 0.1
mg/kg of nanocerium, which fully restored the resistance of eryth-
rocytes to acid hemolysis by ROS and RNS in both plasma and
erythrocytes reduction. Nanocerium decreased the erythrocytes
and, conversely, significantly increased the plasma’s pools of H2S.

We think that measurement of erythrocyte deformability can
be used as a parameter in cases of I/R because its impairment leads
to disturbance of microvascular perfusion and related problems.
We were able to document the potential beneficial effect of cerium
oxide on maintaining erythrocyte deformability after I/R, but we
still think these promising results should further be supported by
more detailed studies with larger volumes.
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