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Selenium Protects Retinal Cells from Cisplatin-Induced Alterations
in Carbohydrate Residues
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Background: Investigate alterations in the expression and
localization of carbohydrate units in rat retinal cells exposed
to cisplatin toxicity.

Aims: The aim of the study was to evaluate putative protec-
tive effects of selenium on retinal cells subjected to cisplatin.
Study Design: Animal experiment.

Methods: Eighteen healthy Wistar rats were divided
into three equal groups: 1. Control, 2. Cisplatin and 3.
Cisplatint+selenium groups. After anesthesia, the right eye
of each rat was enucleated.

Results: Histochemically, retinal cells of control groups
reacted with a-2,3-bound sialic acid-specific Maackia amu-
rensis lectin (MAA) strongly, while cisplatin reduced the
staining intensity for MAA. However, selenium administra-
tion alleviated the reducing effect of cisplatin on the bind-
ing sites for MAA in retinal cells. The staining intensity for
N-acetylgalactosamine (GalNAc residues) specific Griffo-
nia simplicifolia-1 (GSL-1) was relatively slight in control

animals and cisplatin reduced this slight staining for GSL-1
further. Selenium administration mitigated the reducing ef-
fect of cisplatin on the binding sites for GSL-1. A diffuse
staining for N-acetylglucosamine (GIcNAc) specific wheat
germ agglutinin (WGA) was observed throughout the retina
of the control animals. In particular, cells localized in the in-
ner plexiform and photoreceptor layers are reacted strongly
with WGA. Compared to the control animals, binding sites
for WGA in the retina of rats given cisplatin were remark-
ably decreased. However, the retinal cells of rats given sele-
nium reacted strongly with WGA.

Conclusion: Cisplatin reduces a-2,3-bound sialic acid,
GlcNAc and GalNACc residues in certain retinal cells. How-
ever, selenium alleviates the reducing effect of cisplatin on
carbohydrate residues in retinal cells.

Keywords: Cisplatin, n-acetylglucosamine, selenium, si-
alic acid

Selenium (Se) is a necessary trace mineral in the diet of
many animals, which is known to serve a wide variety of
functions in health and development, including in cancer and
heart disease prevention, viral inhibition, and immune func-
tion (1,2). One of its main functions is an antioxidant action
involved in protection against damage caused by free radicals
and oxidative stress (3). Selenoenzymes, namely glutathione
peroxidase (GPX) and thioredoxin reductase (TR), are known
for their antioxidant function and maintenance of redox bal-
ance (4). Se deficiency can cause metabolic dysfunction, mor-

phology damage and changes in glutathione peroxidase in the
livers of mouse, rabbit, trout, turkey and so on (5).
Carbohydrates function as both an energy source (glycogen)
and structural elements (cellulose) in live tissues. In addition
to these widely known actions, recent studies have shown that
carbohydrates also have extremely important roles in cellular
interactions, signal transferring and viability. They perform
these functions via a protein or glycoprotein like receptors
called lectins (6). The first lectin was discovered from the ex-
tracts of a plant called Ricinus comminus which caused the
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agglutination of erythrocytes (7). Lectins are present in both
plants called exogenous lectins and animals called endogenous
lectins. They are synthesized by the transcription of the genes
called glycogens. However, they have neither enzyme activity
nor antibody properties (8). The interactions of carbohydrates
and their specific lectins are involved in various physiologic
processes like intercellular interactions, signal transduction,
intracellular protein transport, fertilization, cellular adhesions,
interferon and interleukin synthesis, infections, embryogen-
esis, cell hyperplasia and dysplasia, carcinogenesis, and me-
tastasis (9,10). To determine the expression and localization of
carbohydrate units in different organs like skin, bone, muscle,
brain, or ocular surface, numerous studies were performed
(11-13). To evaluate these various carbohydrate residues, both
exogenous and endogenous lectins have been used in numer-
ous studies.

Cisplatin (cis-diamminedichloroplatinum) is a chemothera-
peutic agent used in many types of cancers including cancers
of the gonad, breast, lung, bladder and lymphoma (14). It
causes DNA adducts, and the production of reactive oxygen
species. Although very effective, its use is limited due to the
side effect profile, like gonadotoxicity, nephrotoxicity, neuro-
toxicity, ototoxicity, retinotoxicity and bone marrow suppres-
sion (15,16).

Selenium is an essential trace element that needs to be pro-
vided by the diet. It has anti-inflammatory and antioxidant
properties and has been shown to be effective in cisplatin-
related toxicities and other types of tissue injuries (17-19). Se
deficiency and liver damage have been widely studied; how-
ever, the effects of Se deficiency on the mechanism of retinal
cells from cisplatin-induced alterations in carbohydrate resi-
dues have not been elucidated. Herein, in the present study,
we determined alterations in the expression and localization of
carbohydrate units in rat retinal cells exposed to cisplatin tox-
icity and evaluated the putative protective effect of selenium
on retinal cells subjected to cisplatin.

To the best of our knowledge, there are no data on alterations
in carbohydrate units such as N-acetylglucosamine (GlcNAc),
N-acetylgalactosamine (GalNAc) and sialic acid residues in
rat retina exposed to cisplatin. In the present study, to dem-
onstrate the alterations in carbohydrate residues, we used
0-2,3-bound sialic acid-specific Maackia amurensis lectin-2
(MAA), GalNAc-specific Griffonia simplicifolia-1 (GSL-1)
and GlcNAc-specific wheat germ agglutinin (WGA).

MATERIALS AND METHODS

Institutional ethics committee approval for animal studies
was obtained prior to the study. All animals used in the study
received care in compliance with the guidelines established by
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the committee. All studies with animals described herein were
reviewed and approved by the Local Animal Ethics Commit-
tee (03/07/2013, 2013-13-94) and The Association for Re-
search in Vision and Ophthalmology (ARVO) guidelines.

Animals

Eighteen healthy adult Wistar rats weighing 250-300 g
were housed in 14/10 hour light/dark cycle with free access to
food and water. Rats were assigned into three groups. Group
1 (n=6) received an intraperitoneal (i.p.) injection of 2.5 mL
physiologic saline for 3 days, group 2 (n=6) received an i.p.
injection of 16 mg/kg cisplatin (Eczacibast; Istanbul, Turkey)
for 3 days, and group 3 (n=6) received 16 mg/kg cisplatin
(Eczacibasi; Istanbul, Turkey) for 3 days+1.5 mg/kg selenium
twice daily via gavage (sodium selenite 98% powder, Sigma
S5261), which were started 5 days prior to cisplatin injection
and continued for 3 days concomitantly with cisplatin injec-
tions. At the end of the study period, the animals were anes-
thetized with 30 mg/kg of ketamine (Ketalar®, Eczacibas;
Istanbul, Turkey) and 4 mg/kg xylazine (Rompun®, Bayer;
Istanbul, Turkey) and the right eye of each rat was enucleated.
All animals were then sacrificed with high dose i.p. thiopental
sodium (Pentothal, Abbott Laboratories; North Chicago, IL,
USA).

Immunohistochemistry for lectins

For histological examination, eye tissues were removed,
fixed in 10% formalin for 24 h, processed by routine histo-
logical methods and embedded in paraffin blocks. Four-mi-
crometer-thick sections of specimens were deparaffinized in
xylene and dehydrated in graded alcohol (100-70%). Slices
were treated with 0.1% (w/v) trypsin solution for 2 min at
37°C followed by a 0.3% methanol-H,0, solution for 30 min.
After washing three times with PBS, the tissues were conju-
gated with 2% bovine albumin (BSA, Sigma) for 30 minutes,
preventing nonspecific binding, and were then incubated sepa-
rately with biotin-conjugated MAA, GSL-1 and WGA lectins
(Vector; UK), diluted 1:200 for 1 hour at room temperature.
Diaminobenzidine (DAB) was used as chromogen and hema-
toxylin was used as the counter stain. Negative controls were
performed by replacing the lectins with PBS.

Quantitative immunohistochemistry

The mean immunoreactivity intensity was determined at
five separate microscopic fields of the retina in five sections
for each animal (total 30 microscopic fields) at an original
magnification of xX400. Presence of the positive cells is taken
into consideration in the selection of the microscobing fields.
The mean of immunoreactivity intensity calculated by using
Image J software.
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Statistical analyses

The results were statistically analyzed with Statistical Pack-
age for the Social Sciences version 15.0 (SPSS Inc.; Chicago,
IL, USA). Shapiro-Wilk test was used to evaluate the normal-
ity of distribution of the data and One-way ANOVA and Post-
Hoc Tukey HSD tests were used for statistical comparison
since the data were normally distributed. All data were given
as the mean+SD (standard deviation) and p<0.05 was consid-
ered statistically significant.

RESULTS

To determine the localization of carbohydrate units and to
visualize the staining intensity, sections stained with biotin-
labeled MAA, GSL-1 and WGA were examined under light
microscopy. The intensities of the staining were calculated by
the Image J software program.

A strong reaction was observed in control tissues stained
with MAA. Positive cells were distributed over the retinal lay-
ers. In particular, the photoreceptor layer of the retina strongly
stained with MAA (Figure 1). Treatment with cisplatin re-
duced the staining intensity for MAA drastically; however,
the staining pattern remained largely unaffected (Figure 2).
Data obtained using the Image J software program confirmed
the decline in staining intensity throughout the photoreceptor
layer of the retinas of rats given cisplatin. While the intensity
values were 144.1943.20 in control animals, cisplatin treat-
ment reduced this value significantly to 132.12+2.02 (p<0.05,
Table 1). Selenium alleviated the adverse effects of cisplatin
on a-2,3-bound sialic acid synthesis in the photoreceptor layer
of rat retina. Similar to the control animals, strong staining
was observed for MAA in the retina of rats given cisplatin and
selenium together (Figure 3). The mean intensity value was
139.64+4.47 in the cisplatintselenium group.

Binding sites for biotinylated GSL-1 were relatively less
common than the binding sites for biotin labeled MAA in all
groups (Figure 4). In control animals, reactions with GSL-1
were evenly distributed throughout the rat retina and the inten-
sity value was 128.63£3.20. Similar to the sialic acid residues,
GalNAc structures were also reduced by cisplatin and the ad-
verse effects of cisplatin on the expression of GalNAc resi-
dues were mitigated by selenium (Figure 5, 6). The mean in-
tensity value of GalNAc structures in the cisplatin group was
116.42+2.02, whereas this value in the cisplatin+selenium
group increased to 123.97+3.20 (Table 1).

Histochemically, a diffuse WGA staining of GlcNAc resi-
dues was observed throughout the retina of control animals.
In particular, cells localized in the inner plexiform and pho-
toreceptor layers reacted strongly with biotin-labeled WGA
(Figure 7). This strong reaction for WGA was verified by
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FIG. 1. MAA staining in the control group. Tissues were stained with
MAA. A strong reaction was observed in control tissues stained with
MAA. Positive cells were distributed over the retinal layers. In particular,
the photoreceptor layer of the retina strongly stained with MAA.

FIG. 2. MAA staining in the cisplatin group. Animals were exposed to
cisplatin and tissues were stained with MAA. Treatment with cisplatin
reduced the staining intensity drastically; however, the staining pattern
remained largely unaffected.

TABLE 1. Immunoreactivity intensity values of control,
cisplatin and cisplatin+selenium groups

Control Cisplatin Cisplatin +selenium
Mean+SD Mean+SD Mean+SD p
MAA 144.19+£3.20°  132.14+2.02° 139.64+4 47 <0.05
GSL-1 128.63£2.94*  116.42+2.01° 123.97+3.20® <0.01
WGA 169.91£5.92*  156.45+3.21° 162.58+2.61® <0.05

~*There is significant difference among groups in the same row.
SD: standard deviation; MAA: Maackia amurensis lectin; GSL-1: Griffonia simplicifo-
lia-1; WGA: wheat germ agglutinin
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FIG. 3. MAA staining in the cisplatin + selenium group. Tissues were
stained with MAA. Selenium alleviated the adverse effects of cisplatin
on a-2,3-bound sialic acid synthesis in the photoreceptor layer of rat
retina. Similar to the control animals, strong staining was observed for
MAA in the retina of rats given cisplatin and selenium together.

FIG. 5. GSL-1 staining in the cisplatin group. Animals were exposed
to cisplatin and tissues stained with GSL-1. Similar to the sialic acid
residues, GalNAc structures were also reduced by cisplatin.

an image software program. The mean intensity value for
WGA staining in retina of control group was 169.91+5.92.
Compared to the control animals, the expression of GlcNAc
residues in the retinas of rats given cisplatin decreased no-
tably; this decrease in intensity value, from 169.91+£5.92 to
156.45+2.21, was statistically significant (p<<0.05) (Figure 8).
In the Cisplatin+Selenium group however, similar to the con-
trol animals, cells localized in the inner plexiform and pho-
toreceptor layers reacted strongly with biotin-labeled WGA
(Figure 9). The mean intensity value for WGA staining in the
CisplatintSelenium group was 162.53+2.61 (Table 1).
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FIG. 4. GSL-1 staining in the control group. Tissues were stained with
GSL-1. Binding sites for biotinylated GS-1 were relatively less frequent
than binding sites for biotin-labeled MAA in all groups. In control animals,
reactions with GSL-1 was evenly distributed throughout the rat retina.

FIG. 6. GSL-1 staining in the cisplatin + selenium group. Tissues were
stained with GSL-1. Similar to the sialic acid residues, GalNAc structures
were also reduced by cisplatin and the adverse effects of cisplatin on the
expression of GalNAc residues were mitigated by selenium.

DISCUSSION

In the human proteome, more than half of the known pro-
tein sequences can potentially be modified post-translationally
via O- or N-linked glycosylation (20). To date, approximately
1000 proteins have been reported to be modified by the ad-
dition of carbohydrate residues in mammalian cells (21-23).
Owing to the large number of structurally diverse target pro-
teins, the nature of the regulatory processes governing protein
glycosylation is not yet fully understood.
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FIG. 7. WGA staining in the control group. Tissues stained with
WGA. Histochemically, diffuse WGA staining of GIcNAc residues was
observed throughout the retina of the control animals. In particular,
cells localized in the inner plexiform and photoreceptor layers reacted
strongly with biotin-labeled WGA.
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FIG. 9. WGA staining in the cisplatin + selenium group. Tissues
were stained with WGA. In the cisplatin + selenium group, however,
similar to the control animal cells localized in the inner plexiform and
photoreceptor layers reacted strongly with biotin-labeled WGA.

Cisplatin is an important chemotherapeutic widely used in
the treatment of cancer patients. This chemotherapeutic com-
pound acts in various ways, such as via the formation of DNA
adducts, the production of reactive oxygen species, increased
lipid peroxidation and increased mitochondrial stress (14).
When it affects normal tissue metabolism, side effects like
ototoxicity, gonadotoxicity, nephrotoxicity, neurotoxicity and
marrow suppression appear (14,16). Many agents like pome-
granate, mirtazapine, resveratrol and selenium have been used
to prevent cisplatin toxicity in different organs (17,24). The
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cisplatin and tissues stained with WGA. Compared to control animals,
the expression of GIcNAc residues in the retina of rats given cisplatin
decreased notably.

retinotoxicity of cisplatin has not been studied extensively and
is mostly reported as case reports with loss of vision at the
end (12,13,25). Selenium is an essential trace element that has
direct or indirect antioxidant, neuroprotective effects and is re-
ported to be effective in cisplatin-related toxicities. Selenium
is incorporated into proteins to make selenoproteins, which
are important antioxidant enzymes [especially, glutathione
peroxidase (GSH-Px)]. The antioxidant properties of seleno-
proteins help prevent cellular damage from free radicals. Free
radicals are natural by-products of oxygen metabolism that
may contribute to the development of chronic diseases (26).
Other selenoproteins help to regulate thyroid function and
play a role in the immune system (27). Some studies have ad-
dressed the roles of selenoproteins in the eyes, with evidence
suggesting that selenium supplementation may have a role in
preventing cataract formation and age-related maculopathy,
and also possess beneficial effects on diabetic retinopathy
(28,29). Se deficiency is a factor in preventing the activity of
GSH-Px and increasing the free oxygen radicals in tissues,
which leads to increased oxidative damage of the tissues. Se
deficiency has effects by causing the reduction of lympho-
cytes and weakness of the immune system (26). We tried to
determine the detrimental effects of cisplatin on some glycan
structures in the rat retina and putative protective effects of
selenium in retinal tissue.

GlcNAc and GalNAc are glycans that are essential for fun-
damental cellular processes such as transcription/translation,
nuclear transport, protein stability and protein-protein interac-
tions. The increased levels of GIcNAc and GalNAc in cancer-
ous cells is associated with poor prognosis and likely enhanc-
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es tumor cell proliferation and invasion (25). Likewise, it is
reported that the overexpression of sialic acid is a hallmark of
some cancers and its expression has been correlated to metas-
tasis and poor prognosis (30). The results of the present study
showed that cisplatin reduced the expression of GIcNAc,
GalNAc and a-2,3-bound sialic acid structures on certain cell
types. Taken together, it can be postulated that cisplatin acts as
a chemotherapeutic agent by decreasing the GIcNAc, GalNAc
and a-2,3-bound sialic acid structures in cells. On the other
hand, results of the present study showed that selenium inhib-
its GIcNAc, GalNAc and 0-2,3-bound sialic acid, reducing the
effects of cisplatin. Numerous ways have been proposed con-
cerning the effects of cisplatin as a chemotherapeutic agent.
However, to date, there is no information to suggest that cis-
platin may have anti-carcinogenic effects by decreasing cel-
lular GlcNAc, GalNAc and a-2,3-bound sialic acid structures.
In addition, at first glance it could be considered that selenium
protects cells from the adverse effects of cisplatin. However,
it should be taken into consideration that concomitant use of
selenium with cisplatin in cancer therapy may act as a double-
edged sword.

Recent studies revealed that cisplatin-induced cell death
is blocked by sialic acid residues (30). In our previous study
(24), we demonstrated that cisplatin induces apoptosis in rat
retina. On the other hand, data obtained in the present study
revealed that cisplatin decreased the sialic acid concentrations
in rat retina. Furthermore, selenium administration inhibited
the sialic acid reducing effect of cisplatin on rat retina. In light
of these findings, we can conclude that cisplatin may induce
apoptosis in the rat retina by decreasing cellular sialic acid.

In conclusion, cisplatin has detrimental effects on rat retina
and reduces the sialic acid, GlcNAc and GalNAc levels in
certain retinal cells. However, selenium prevents the reducing
effect of cisplatin on sialic acid, GlcNAc and GalNAc resi-
dues in retinal cells. In the case of using cisplatin as a chemo-
therapeutic agent concomitantly with selenium, it should be
taken into consideration that selenium may abolish the anti-
carcinogenic effect of cisplatin. Further studies are needed to
determine the effects of cisplatin and selenium on cells.
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