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Abstract

Selenite cataracts are effective and convenient animal models for simulation of human senile nuclear cataracts. These models are
widely used to study the effects of various stresses on eye lenses and to screen anticataract drugs. However, there have been no
comprehensive toxicological evaluations of these animal models. To investigate the effects of sodium selenite on some important
organs in selenite cataract model animals, this study analyzed (1) histopathology by hematoxylin and eosin (H&E) staining; (2)
methionine sulfoxide reductase (Msr) A and B1 protein expression; (3) glutathione peroxidase (GPx), thioredoxin reductase
(TrxR) and superoxide dismutase (SOD) activity; and (4) malondialdehyde (MDA) levels in the liver, kidney, and brain in a
selenite cataract rat model. The results showed that sodium selenite induced severe oxidative damage, especially in the hippo-
campus and corpus striatum of the brain, in Sprague—Dawley (SD) rats. This damage was evidenced by mild gliocyte prolifer-
ation, significant disorder of neuronal arrangement with acidophilic changes in the hippocampus, and significant occurrence of
focal microglia or lymphocytic infiltration in the corpus striatum after selenite injection for cataract simulation. The damage was
closely related to significant decreases in antioxidant enzyme expression and activity and significant increases in lipid peroxi-
dation (MDA) levels. Furthermore, nonsignificant swelling and scattered spotty necrosis were observed in the liver. These results
imply that physiological changes in model animals should be considered when carrying out anticataract drug screening and that
pathological changes in other nontarget organs should be prevented.
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Introduction
Highlights
* Significant pathological changes occurred in the hippocampus and Animal models are important tools for studying the onset and
corpus striatum in the brain in cataract model rats. .
* GPx, SOD, and MsrA levels were significantly decreased in the brains devel(?pment of hu.man disease a.nd are helpf:lll for drug
of selenite cataract model rats. screening [1-3]. During drug screening, the effective dose that
« Decreases in GPx, SOD, and MsrA levels and increases in MDA levels reaches any affected tissue or organ can be determined
caused pathological changes. through analysis of the pharmacokinetics of a candidate drug

« Pathological changes should be taken seriously during anticataract drug

) in test animals. Drug biological function is inevitably influ-
screening.

enced by the physiological condition of a model animal, es-
pecially in the case of orally administered drugs.

Cataracts are a leading cause of blindness, accounting for
approximately 51% of all cases (approximately 20 million
54 Hongjie Chen people became blind because of cataracts in 2010) [4]. Many

hongjie6666 @sina.com; chenhongjie@wtbu.edu.cn animal models of cataracts have been developed for drug
screening [5]. Among the several animal models of drug-
induced cataracts, selenite cataracts are extremely effective
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conditions of test animals should be considered during
anticataract drug screening.

Selenium can cause negative effects such as nervous sys-
tem disturbances, and selenite has been reported to cause ir-
regular neuronal growth in fish embryos [8]. Overdosing of
normotensive Wistar Kyoto rats with Se in the form of sodium
selenite (9 mg/kg) significantly increases Se content in the
liver and kidney. Consequently, GPx activity slightly in-
creases in the liver but does not change in the kidney; mean-
while, TrxR activity increases significantly in the liver but
decreases significantly in the kidney [9].

However, the effects of sodium selenite on other important
organs, such as the liver, kidney, and brain, have not been well
reported in the literature. Liver status directly affects drug
metabolism, and liver enzymes chemically change drug com-
ponents into metabolites. Furthermore, the kidneys play im-
portant roles in drug, hormone, and xenobiotic excretion [10],
and the brain plays an important role in metabolic regulation.
Thus, the current study investigated the effects of sodium
selenite on the liver, kidney, and brain in a selenite cataract
animal model.

High levels of selenium induce the generation of reactive
oxygen species (ROS), which easily leads to oxidative dam-
age. Oxidative damage in the eye lens is a major cause of
cataract formation [11]. Sodium selenite was used in this study
to establish a selenite cataract rat model. Our previous study
investigated the effects of sodium selenite on the mRNA ex-
pression levels of glutathione peroxidase (GPx) 1, methionine
sulfoxide reductase (Msr) A, and MsrB1 in the lenses of
rats with selenite cataracts [12]. Therefore, oxidative dam-
age and several antioxidant enzymes were assayed in this
study. Specifically, MsrA and MsrB1 protein expression
levels; GPx, thioredoxin reductase (TrxR), and superoxide
dismutase (SOD) activity; and malondialdehyde (MDA)
levels were analyzed. Furthermore, histopathological ex-
amination was carried out to diagnose pathological chang-
es in the livers, kidneys, and brains of selenite cataract
model rats.

Materials and Methods
Materials

MsrA (LF-PA0031) and MsrB1 (LF-PA0088) primary anti-
bodies were obtained from Thermo Fisher (Waltham, MA,
USA). A {3-actin primary antibody was obtained from
Servicebio (Wuhan, Hubei, China). GPx activity, TrxR activ-
ity, SOD activity, and MDA concentration measurement kits
were purchased from Nanjing Jiancheng (Nanjing, Jiangsu,
China). All other chemicals were of the highest commercial
grade available.
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Animals and Treatment

Male and female Sprague—Dawley (SD) rats (250-300 g)
were purchased from Hubei Research Centre for Laboratory
Animals (Wuhan, Hubei, China), housed in an air-conditioned
animal room with a 12-h day/night schedule at a temperature
of 23 +1 °C, fed rat chow diet, and given access to tap water
ad libitum. The chow diet was purchased from Hubei
Research Centre for Laboratory Animals and contained
0.112 pg selenium/g diet and 65 IU vitamin E/kg diet. All
animal experiments complied with the Animal Research:
Reporting of In Vivo Experiments (ARRIVE) guidelines and
were carried out in accordance with the National Institutes of
Health Guide for the Care and Use of Laboratory Animals
(NIH Publication No. 8023, revised 1978).

One female and one robust male rat were housed in each
cage. Approximately 21 days later, the rat pups were born.
The day of birth was designated as postnatal day 0. The rat
pups were housed with their mother. As the rats grew, they
were divided into two groups: the selenite cataract model
(SeCa) group and the control (C) group. In the SeCa group,
the rat pups were subcutaneously injected in the nape of the
neck with sodium selenite on postnatal days 8, 10, 11, and 12
(21 nmol/g body weight [BW]). In the C group, the rat pups
were injected in parallel with equivalent volumes of normal
saline.

On postnatal day 21 (the fifth day after eyelid opening), the
rats were sacrificed. Their livers, kidneys, and brains were
quickly excised, rapidly rinsed in ice-cold phosphate-buffered
saline (pH 7.4), and dried with absorbent paper. The organs
were then used for subsequent analyses or were stored frozen
at— 80 °C until analysis. The rats were treated according to the
Association for Research in Vision and Ophthalmology
Statement for the Use of Animals in Ophthalmic and Vision
Research.

Western Blot Analysis

The protein expression levels of MsrA and MsrBl1 in the liver,
kidney, and brain were assessed for the two groups. There
were six rats in each group, and the three tissues from each
rat were processed to form three independent protein samples.
The proteins were separated by sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred onto polyvinylidene difluoride (PVDF) membranes
(300 mA and 25 min for MsrA and MsrB1, 300 mA and
30 min for (-actin). After transfer, the PVDF membranes
were incubated for 30 min at room temperature in 5% (w/v)
nonfat milk in Tris-buffered saline containing Tween-20
(TBST; 20 mM Tris-HCl and 500 mM NaCl, pH 7.5, supple-
mented with 0.05% [v/v] Tween-20) to block nonspecific
binding. The membranes were subsequently probed overnight
at 4 °C with 5% nonfat milk in TBST containing primary
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antibodies for MsrA, MsrB1, and (-actin at dilutions of
1:2000, 1:500, and 1:2500, respectively. After three washes
(5 min each time) with TBST, the membranes were incubated
for 30 min at room temperature with horseradish peroxidase-
conjugated secondary antibodies diluted 1:3000 in TBST. The
membranes were again washed three times (5 min each time)
with TBST. To identify specific proteins, an enhanced chemi-
luminescence (ECL) system was used (Servicebio). 3-Actin
was used as the protein loading control for MsrA and
MsrB1. Quantitative analysis of the blot signals was
performed using a CLINX-6300 imaging system (Clinx
Science Instruments Co., Ltd., Shanghai, China) and
AlphaEase FC software (open source).

Measurement of GPx Activity

GPx activity was measured according to the method of
Hafeman et al. [13] with a commercially available kit
(Jiancheng, Nanjing, China). The sample homogenates were
centrifuged at 3500 rpm and 4 °C for 10 min, and then, the
supernatants were collected for biochemical assays, each of
which had two sequential steps: an enzymatic reaction and a
chromogenic reaction. The absorbance was measured at
412 nm by an Epoch Microplate Spectrophotometer (BioTek
Instruments, Inc., Winooski, VT, USA). One unit of GPx ac-
tivity was defined as the amount required to decrease the con-
centration of glutathione by 1 umol/L per minute per milli-
gram of protein after the nonenzymatic reaction was
subtracted, and the results are expressed in units per milligram
of protein. The protein content was determined using the
Bradford method with bovine serum albumin as the standard.

Measurement of TrxR Activity

TrxR activity was measured according to the DTNB method
[14] with a commercially available kit (Jiancheng). The sam-
ple homogenates were centrifuged at 8000g at 4 °C for
10 min, and then, the supernatants were collected for bio-
chemical assays. The absorbance was measured at 412 nm
by an Epoch Microplate Spectrophotometer (BioTek
Instruments, Inc.). One unit of TrxR activity was defined as
the amount required to reduce 1 nmol of DTNB per minute per
milligram of protein at 37 °C. The protein content was deter-
mined using the Bradford method with bovine serum albumin
as the standard.

Measurement of SOD Activity

SOD activity was measured according to the hydroxylamine
method [15] with a commercially available kit (Jiancheng).
The sample homogenates were centrifuged at 3500 rpm and
4 °C for 10 min, and then, the supernatants were collected for
biochemical assays. The absorbance was measured at 550 nm

by an Epoch Microplate Spectrophotometer (BioTek
Instruments, Inc.). One unit of SOD activity was defined as
the amount of SOD required for 50% inhibition of the xan-
thine and xanthine oxidase system reaction in 1 mL ofreaction
solution per milligram of protein. The protein content was
determined using the Bradford method with bovine serum
albumin as the standard.

Lipid Peroxidation Detection

Lipid peroxidation was determined indirectly by measuring
MDA formation using an MDA measurement kit
(Jiancheng) according to the manufacturer’s instructions [16]
and is expressed as the MDA level in nanomoles per milli-
gram of protein. The sample homogenates were centrifuged at
3500 rpm and 4 °C for 10 min, and then, the supernatants were
collected for biochemical assays. The absorbance was mea-
sured at 532 nm by an Epoch Microplate Spectrophotometer
(BioTek Instruments, Inc.). The protein content was deter-
mined using the Bradford method with bovine serum albumin
as the standard.

Histopathology Examination

In brief, tissues were removed and fixed in 10% neutral for-
malin fixative for 48 h. Then, the tissue samples were washed,
dehydrated, cleared, dipped in wax, embedded, sliced, coated,
dried, dewaxed, washed, and stained with hematoxylin and
cosin (H&E). Before histopathological examination, whole
brains were divided into three parts: the hippocampus, corpus
striatum, and cerebellum.

Statistical Analysis

All data are expressed as the mean + standard deviation. All
the data were analyzed by Origin computer software
(OriginLab, Inc., Northampton, MA, USA). The statistical
significance of differences between groups was evaluated by
analysis of variance (ANOVA) followed by Student’s ¢ test for
pairwise comparisons, and a P value less than 0.05 was con-
sidered to indicate statistical significance.

Results

Histopathological Examination of Selenite Cataract
Model Rats

H&E staining was used for histopathological examination of
liver, kidney, hippocampus, corpus striatum, and cerebellum
tissues, and representative images of the results are shown in
Fig. 1. In the C group, no abnormalities were observed in the
liver, kidney, hippocampus, corpus striatum, or cerebellum.
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Fig. 1 Histopathological

C SeCa

evaluation of the liver, kidney,
hippocampus, corpus striatum,
and cerebellum tissues of SD rats
after selenite cataract formation
by H&E staining. SeCa images at
postnatal day 21 (the fifth day
after eyelid opening) of rats that
were injected with sodium
selenite on postnatal days 8, 10,
11, and 12 (21 nmol/g BW). C
images at postnatal day 21 (the

Liver

fifth day after eyelid opening) of
rats that were injected with
equivalent volumes of normal
saline on postnatal days 8, 10, 11,
and 12. In the SeCa group, slight
swelling and scattered spotty
necrosis (marked with arrows)
were observed in the liver. The
representative image of spotty
necrosis has been enlarged at the
top right corner (marked with a

Kidney

white square frame). Mild
gliocyte proliferation and
significant disorder of neuronal
arrangement with acidophilic
changes (marked with square
frames) were observed in the
hippocampus, and significant
occurrence of focal microglia or
lymphocytic infiltration (marked
with asterisks) was observed in

Hippoca-

mpus

the corpus striatum. CA3: cornu
ammonis 3, DG: dentate gyrus.
Scale bar: 100 pm.
Magnification: 100

Corpus

striatum

Cerebellum

The cells were clearly outlined with compact structures, and the
nucleoli were clearly visible. In the SeCa group, no abnormal-
ities were observed in the kidney or cerebellum, and the cells in
these tissues were clearly outlined with compact structures.
Although the nucleoli were clearly visible, there were slight
pathological changes in the liver and obvious pathological
changes in the hippocampus and corpus striatum of the brain.

@ Springer

In the liver, slight swelling and scattered spotty necrosis were
observed, while the hippocampus exhibited mild gliocyte pro-
liferation and significant disordered neuronal arrangement with
acidophilic changes. The corpus striatum exhibited significant
occurrence of focal microglia or lymphocytic infiltration.
Images from other rats in the same group that show the same
histopathological changes are shown in Fig. S1 (Supplement).
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Effect of Selenite Cataract Formation on GPx Activity

GPx, a major selenium-containing antioxidant enzyme, be-
longs to the family of selenoproteins. GPx reduces lipid hy-
droperoxides to their corresponding alcohols and free H,O, to
water and plays an important role in protecting the cells from
oxidative damage. To analyze differences in antioxidant en-
zymes in the rat livers, kidneys, and brains, GPx activity was
measured. As shown in Fig. 2, GPx activity was increased by
50% (p < 0.01) in the liver, decreased by 16% (p < 0.01) in the
brain, and unchanged in the kidney in the SeCa group com-
pared with the C group.

Effect of Selenite Cataract Formation on TrxR Activity

TrxR is a cellular antioxidant containing selenocysteine in its
C-terminal redox center that contributes to total antioxidant
and detoxification capacity [17]. As shown in Fig. 3, com-
pared to that in group C, the TrxR activity in group SeCa
was increased by 17% (p< 0.01) and 27% (p< 0.001) in
the liver and kidney, respectively. However, brain TrxR activ-
ity did not differ between the groups.

Effect of Selenite Cataract Formation on SOD Activity

SOD, the first known enzyme in the detoxification process,
catalyzes the dismutation of superoxide radicals to H,O, and
molecular oxygen [18]; excessive amounts of these products
can start a lethal chain reaction in which the metabolites

Cic
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Fig. 2 Changes in GPx activity in the livers, kidneys, and brains of SD
rats after selenite cataract formation. The data are expressed as the mean +
standard deviation (n =6 for each group). SeCa liver, kidney, and brain
tissues at postnatal day 21 (the fifth day after eyelid opening) from rats
injected with sodium selenite on postnatal days 8, 10, 11, and 12
(21 nmol/g BW). C liver, kidney, and brain tissues at postnatal day 21
(the fifth day after eyelid opening) from rats injected with equivalent
volumes of normal saline on postnatal days 8, 10, 11, and 12. **p
< 0.01, compared to the C group

oxidize and disable structures required for cellular integrity
and survival [19]. As shown in Fig. 4, compared to that in
the C group, the activity of SOD in the SeCa group was in-
creased by 15% (p < 0.01) in the liver but decreased by 38%
(p< 0.001) and 24% (p< 0.001) in the kidney and brain,
respectively.

Effect of Selenite Cataract Formation on MsrA
and MsrB1 Protein Expression Levels

Elevated levels of methionine sulfoxide (Met-O) have been
detected in human cataractous lenses. Normally, Met-O can be
reduced by the family of thioredoxin-dependent oxidoreduc-
tases, which includes MsrA and MsrB; these enzymes, respec-
tively, reduce the S- and R-enantiomers of Met-O back to the
reduced form Met [20]. As shown in Fig. 5, compared to that
in the C group, the protein expression level of MsrA in the
SeCa group was 17% higher (p < 0.05) in the liver, 30% lower
(p < 0.05) in the brain, and the same in the kidney. However,
the protein expression level of MsrB1 was decreased by 34%
(p< 0.01) in the liver, increased by 42% (p < 0.05) in the
kidney, and unchanged in the brain in the SeCa group com-
pared with the C group.

Effect of Selenite Cataract Formation on MDA Levels

ROS-induced lipid peroxidation is one of the basic mecha-
nisms of lens opacity in selenite cataract models [21]. MDA,
a ROS-induced lipid peroxidation product, is considered to be
an indicator of oxidative stress. Compared to those in the C
group, the MDA levels in the SeCa group were 21% lower (p
< 0.01) and 20% lower (p< 0.01) in the liver and kidney,
respectively, but 10% higher (p < 0.01) in the brain (Fig. 6).

Discussion

Selenite cataracts, which are animal models used to simulate
human senile cataracts, are formed by injecting selenite into
neonatal rats before their eyelids have opened. The application
of these cataract models has been critical for studying the
effects of various stresses on the eye lens, investigating the
mechanisms of cataract formation, and screening potential
anticataract drugs [7]. Sodium selenite injection induces se-
vere oxidative damage in rat eye lenses, resulting in cataract
formation.

In the present study, we investigated whether sodium sele-
nite leads to oxidative damage in other important organs, such
as the liver, kidney, and brain, and thus causes pathological
changes in these organs.

Our findings suggested that GPx, TrxR, and SOD activity
and MsrA protein expression were increased significantly in
the livers of selenite cataract model rats, while MsrB1 protein

@ Springer



538

Chen and Zhou

Fig. 3 Changes in TrxR activity
in the livers, kidneys, and brains 6 _
of SD rats after selenite cataract

formation. The data are expressed J
as the mean =+ standard deviation
(n = 6 for each group). SeCa liver,
kidney, and brain tissues at
postnatal day 21 (the fifth day
after eyelid opening) from rats
injected with sodium selenite on
postnatal days 8, 10, 11, and 12
(21 nmol/g BW). C liver, kidney,
and brain tissues at postnatal day
21 (the fifth day after eyelid
opening) from rats injected with
equivalent volumes of normal
saline on postnatal days 8, 10, 11,
and 12. *¥*p < 0.01 and ***p

< 0.001, compared to the C group

TrxR activity (U/mg protein)

[ ]cC
v SeCa

fkk

expression and MDA levels (indicating lipid peroxidation)
were both decreased significantly. Histopathological detection
by H&E staining showed the presence of slight swelling and
nonsignificant scattered spotty necrosis, which may have been
associated with metabolism of sodium selenite in the liver
followed by slight toxicity.

In the kidney, TrxR activity and MsrB1 protein expression
were increased significantly in the SeCa group compared with
the C group, while SOD activity and MDA levels were de-
creased significantly; however, GPx activity and MsrA pro-
tein expression did not differ between the groups.

Brain

Liver Kidney

Furthermore, there were no visible pathological changes, as
evidenced by H&E staining.

In the brain, GPx and SOD activity and MsrA protein ex-
pression levels were decreased significantly in the SeCa
group, TrxR activity and MsrB1 protein expression did not
differ between the groups, and MDA levels were increased
significantly in the SeCa group. In addition, histopathological
analysis by H&E staining showed mild gliocyte proliferation
and significant disorder of neuronal arrangement with acido-
philic changes in the hippocampus and significant occurrence
of focal microglia or lymphocytic infiltration in the corpus

Fig. 4 Changes in SOD activity 1c
in the livers, kidneys, and brains 7
of SD rats after selenite cataract 400
formation. The data are expressed |
as the mean + standard deviation ~ 350 -
(n = 6 for each group). SeCa liver, E -
kidney, and brain tissues at e 3004
postnatal day 21 (the fifth day S } St
after eyelid opening) from rats ; 250 JOROR
injected with sodium selenite on = T
postnatal days 8, 10, 11, and 12 e~ E
(21 nmol/g BW). C liver, kidney, a 200 -
and brain tissues at postnatal day > i
21 (the fifth day after eyelid E 150 -
opening) from rats injected with =
equivalent volumes of normal g A
saline on postnatal days 8§, 10, 11, a 100 - wkk
and 12. *¥*p < 0.01 and ***p o .
< 0.001, compared to the C N 50 -
group.

0

Liver Kidney Brain
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Fig. 5 Changes in MsrA (a) and MsrB1 (b) protein expression levels in
the livers, kidneys, and brains of SD rats after selenite cataract formation.
The data are expressed as the mean + standard deviation (7 =6 for each
group). SeCa liver, kidney, and brain tissues at postnatal day 21 (the fifth
day after eyelid opening) from rats injected with sodium selenite on

striatum. Since it was very difficult to precisely dissect the
whole brain into three parts (the hippocampus, corpus stria-
tum, and cerebellum) for separate biochemical assays, whole
brains were used for measurement of GPx, TrxR, and SOD
activity and lipid peroxidation and for Western blot analysis of

postnatal days 8, 10, 11, and 12 (21 nmol/g BW). C liver, kidney, and
brain tissues at postnatal day 21 (the fifth day after eyelid opening) from
rats injected with equivalent volumes of normal saline on postnatal days
8, 10, 11, and 12. *p < 0.05 and **p < 0.01, compared to the C group

MsrA and MsrB1. Obvious pathological changes and signifi-
cant increases in MDA levels in the brain indicated that sub-
cutaneous injection of sodium selenite (21 nmol/g BW) into
the napes of rat pups induced severe oxidative damage in the
brain. GPx activity decreased significantly after selenite
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Fig. 6 Changes in MDA levels in
the livers, kidneys, and brains of
SD rats after selenite cataract
formation. The data are expressed
as the mean =+ standard deviation
(n = 6 for each group). SeCa liver,
kidney, and brain tissues at
postnatal day 21 (the fifth day
after eyelid opening) from rats
injected with sodium selenite on
postnatal days 8, 10, 11, and 12
(21 nmol/g BW). C liver, kidney,
and brain tissues at postnatal day
21 (the fifth day after eyelid
opening) from rats injected with
equivalent volumes of normal
saline on postnatal days 8, 10, 11,
and 12. **p < 0.01, compared to
the C group
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cataract formation; in contrast, TrxR activity did not change in
the brain but increased significantly in the liver and kidney.
These results imply that the expression of some important
selenoproteins is of low priority in the brain; thus, pathologi-
cal changes appeared quickly because of low antioxidant
capacity.

We also found that the selenite cataract rat pups showed
some behavioral abnormalities: they often shook their heads
and sometimes rushed straight forward, which seemed to in-
dicate some stimulation of the nervous system. The hippocam-
pus is an important functional area in the brain; therefore, the
pathological changes in the hippocampus in our histopatho-
logical examination may have been related to the behavioral
abnormalities of the selenite cataract rats. However, we cannot
ignore the fact that the rat pups in the SeCa group were actu-
ally blind because of the cataracts induced by sodium selenite
injection. Therefore, it will be difficult but important to distin-
guish whether the behavioral abnormalities are induced by
stimulation of the nervous system or are a result of blindness.

In general, providing selenium to selenium-deficient sub-
jects increases GPx activity. When mice are fed a basal diet
supplemented with 0.1 mg/kg Se as sodium selenite, GPx1
mRNA expression in the liver increases by more than 2.2-fold
[22]. In line with this finding, a study by Ahmadvand H. et al.
[23] showed that sodium selenite possesses antioxidant activ-
ity and has beneficial effects, attenuating reductions in serum,
renal, and liver antioxidant enzyme (GPx and CAT) levels in
rats with alloxan-induced diabetes. Moreover,
Thirunavukkarasu C. et al. [24] found that Se levels and
GPx activity are both increased in nodular tissue, surrounding
liver cells and other organs in Se-supplemented rats. All these
findings demonstrate the chemopreventive and chemothera-
peutic effects of selenite. On the other hand, selenium overex-
posure decreases GPx activity; although the mechanism has
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Brain

not been well clarified, it probably involves oxidative effects
of selenite ions resulting from increased formation of free
radicals [25]. In our study, injection of rat pups with selenite
to induce cataract formation significantly increased GPx ac-
tivity in the liver, significantly decreased GPx activity in the
brain, and did not affect GPx activity in the kidney, indicating
that selenite exerts its effects in these organs through different
mechanisms.

There have been no reports on the effects of sodium sele-
nite dietary supplementation or injection on TrxR activity in
selenite cataract model animals; thus, we performed this work
to address the lack of knowledge. In our study, TrxR activity
was increased significantly in the liver and kidney but showed
no change in the brain upon selenite treatment. Interestingly,
although both TrxR and GPx are selenium-containing antiox-
idant enzymes, they showed different changes in the kidney
and brain after selenite injection for cataract formation. It will
be necessary to study the mechanism of this phenomenon in
future work.

MsrA has been linked to the aging process and has been
shown to extend lifespan in animals. MsrA knockout mice
have been shown to have 40% shorter lifespan than wild-
type mice [26], while overexpression of MsrA in Drosophila
melanogaster has been shown to increase lifespan by up to
70% [27]. Previous quantitation of MsrB1 mRNA expression
has indicated that it ranks in the following order: liver, kidney,
heart, and brain [28]. These findings are also consistent with
the MsrB1 protein expression in these organs in the mice in
the current study, as analyzed by Western blot assays. Our
results showed that compared to that in the control rats,
MsrA protein expression in the selenite cataract rats was in-
creased significantly in the liver, decreased significantly in the
brain, and not different in the kidney. However, MsrB1 protein
expression was decreased significantly in the liver, increased
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significantly in the kidney, and not different in the brain in the
cataract rats compared with the control rats. These results
show the different influential mechanisms of selenite on dif-
ferent organs and the different effects of selenite on Msr pro-
tein expression.

Kumari et al. [29] found that mean SOD enzyme activity is
significantly reduced in hemolysate during sodium selenite-
mediated cataractogenesis. A similar tendency of change ap-
peared in the rat kidneys and brains in our study. Ojeda et al.
[30] found that the activity of the hepatic antioxidant enzymes
GPx and SOD significantly increases in rats after Se dietary
supplementation. The same tendency of change appeared in
the rat livers in our study. In line with these findings, Shilo
et al. [31] found that sodium selenite supplementation dose-
dependently upregulates MnSOD expression significantly in
rat livers.

Since selenite is a strong oxidant, selenite-induced oxida-
tive stress may result in proteolytic precipitation, aggregation
of soluble proteins into insoluble proteins, and lipid peroxida-
tion (as reflected by increases in MDA) [6, 32]. Indeed, MDA
levels have been shown to be significantly increased in
selenite-injected model rats [32, 33]. In our study, MDA levels
were decreased significantly in the liver and kidney but in-
creased significantly in the brain in model rats. These results
show that oxidative stress induced by selenite injection result-
ed in different physiological changes in the selenite cataract
model animals and that the brain was more susceptible to
oxidative damage than other organs.

In a study by Musik 1. et al. [34], sodium selenite was
found to insignificantly increase the activity of the anti-
oxidant enzymes GPx and SOD in rat brains, and insig-
nificant increases in glutathione (GSH) levels were also
observed. However, paradoxically, decreases in total anti-
oxidant status (TAS) could hardly be associated with in-
creases in any other studied antioxidants, since TAS was
insignificantly decreased in the brain. In our study, the
activity of the antioxidant enzymes GPx and SOD and
the protein expression levels of MsrA were decreased sig-
nificantly in selenite cataract rat brains, but the activity of
TrxR and the protein expression levels of MsrB1 did not
differ between the control and cataract rats. Accordingly,
the lipid peroxidation levels (MDA levels) were increased
significantly in the model rats. This implies a distinct
relationship with oxidative damage in the hippocampus
and corpus striatum of selenite cataract rat brains.

In summary, in the selenite cataract rat model, GPx activity
was increased significantly in the liver, decreased significantly
in the brain, and unchanged in the kidney. The same tendency
was observed for MsrA protein expression. TrxR activity in
model rats was increased significantly in the liver and kidney
but unchanged in the brain. SOD activity was increased sig-
nificantly in the liver but decreased significantly in the kidney
and brain. MsrB1 protein expression was decreased

significantly in the liver and increased significantly in the
kidney but remained unchanged in the brain. MDA levels
were decreased significantly in the liver and kidney but in-
creased significantly in the brain.

Conclusion

In our previous study, we discovered that large amounts
of selenite can enter the eyes before eyelid opening,
severely injuring the lens and resulting in cataract for-
mation, because of the immaturity of the blood-retinal
barrier (BRB). Morcover, the smaller amounts of sele-
nite that enter the eyes after eyelid opening because of
the mature BRB are insufficient to induce cataract for-
mation [12]. Based on our previous study on eye lenses,
we conducted a comprehensive toxicological evaluation
with a selenite cataract rat model.

This study showed that sodium selenite induced severe
oxidative damage, especially in the hippocampus and corpus
striatum of the brain, in SD rats. Specifically, mild gliocyte
proliferation, significant disorder of neuronal arrangement
with acidophilic changes in the hippocampus, and significant
occurrence of focal microglia or lymphocytic infiltration in the
corpus striatum were observed after selenite injection for cat-
aract simulation. This damage was closely related to signifi-
cant decreases in the expression and activity of antioxidant
enzymes and significant increases in lipid peroxidation
(MDA levels). Furthermore, nonsignificant swelling and
scattered spotty necrosis in the liver were observed. These
results imply that physiological changes in model animals
should be considered when carrying out anticataract drug
screening and that pathological changes in other nontarget
organs should be prevented.
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