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Amag: Bu ¢alismanin amaci, renal iskemi ve reperfiiz-
yon (IR) hasarinda askorbik asit (AA) ve sodyum selenit
(SS) uygulamasmin anti-inflamatuar ve anti-apoptotik
etkilerini arastirmaktir.

Materyal ve Metot: Yirmi sekiz Wistar-albino sican
dort gruba ayrildi. Grup I; Kontrol grubu, Grup II; IR
grubu, Grup III; IR+0,25mg/kg SS ve 100mg/kg AA ve
Grup IV; IR+0,50mg/kg SS ve 200mg/kg AA. Kontrol
grubuna sadece cerrahi stres olusturuldu. IR grubunda, sag
nefrektomi yapildiktan sonra sol bobrekte 60 dk iskemi ve
24 saat reperfliizyon saglandi. Grup III ve Grup IV’e IR
grubundaki isleme ek olarak IR isleminden 5 giin 6nce
belirlenen dozlarda SS ve AA uygulandi.

Bulgular: Grup I, Grup I1I ve Grup IV ile karsilastiril-
diginda Grup II‘de glomerulus ve renal tiibiillerin morfo-
lojik yapilarinda siddetli hasar olustugu goriildii (p<0,05).
Grup 1, Grup III ve Grup 1V ile karsilastirildiginda Grup
II'de TNF-a, IL-6, Kaspaz-3 ve Bcl-2 ekspresyonu ve
pozitif hiicre yilizdesi istatistiksel olarak artt1 (p<0,001).
Sonug: Bu c¢alisma, askorbik asit ve sodyum selenit'in
profilaktik olarak uygulanmasimin akut bdbrek hasarmna
kars1 koruyucu etkiler gosterdigini belirledi.

Anahtar Kelimeler: Askorbik asit, inflamasyon, renal
iskemi-reperfiizyon, sodyum selenit

ABSTRACT

Objective: The aim of this study is to investigate the
anti-inflammatory and anti-apoptotic effects of ascorbic
acid (AA) and sodium selenite (SS) administration in renal
ischemia and reperfusion (IR) injury.

Materials and Methods: Twenty-eight Wistar-albino rats
were divided into four groups. Group I; Control group,
Group II; IR group, Group III; IR+0.25mg/kg SS and
100mg/kg AA and Group IV; IR+0.50mg/kg SS and
200mg/kg AA. In the control group, only surgical stress
was created. In the IR group, 60 minutes of ischemia and
24 hours of reperfusion were applied in the left kidney
after right nephrectomy. SS and AA were administered to
Groups III and IV at doses determined 5 days before the
IR procedure.

Results: In comparison of Group II with Group I,
Group III and Group IV; severe damage was observed in
the morphological structures of the glomerulus and renal
tubules in Group II (p<0.05). Compared to Group I, Group
IIT and Group IV the expression of TNF-a, IL-6, Caspase-
3, and Bcl-2 and the percentage of positive cells increased
statistically in Group II (p<0.001).

Conclusion: This study determined that prophylactic
administration of ascorbic acid and sodium selenite
showed protective effects against acute kidney injury.
Keywords: Ascorbic acid, inflammation, renal ische-
mia-reperfusion, sodium selenite
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INTRODUCTION

Renal ischemia is the deprivation of oxygen of the
kidney due to the reduction or interruption of blood
flow to the tissue. Studies have shown that restoring
blood flow after ischemia can increase tissue and
cell damage in hypoxic organs and limit the return
of function.' Researchers are making a great effort to
identify the vascular changes caused by IR injury
and to identify the mechanisms underlying this
pathological process.'” Among the causes of dam-
age to IR, primarily the increase of inflammatory
cytokines (TNF-a and IL-6), free radicals and phag-
ocytes are being showed.” IR damage aggravates
tissue damage through the interaction of reactive
oxygen metabolites, endothelium and neutrophils.
By providing the tissue with oxygen support, the
sudden excessive amount of oxygen entering the
system causes the formation of free oxygen radi-
cals.” Post-ischemic tissues produce numerous in-
flammatory mediators such as tumor necrosis factor
(TNF-a), interleukin-18 (IL-18) interleukin-6 (IL-6)
interleukin-10 (IL-10), which can activate or attract
circulating neutrophils.* TNF-a is thought to have a
role in the systemic inflammatory response induced
by IR. In experimental studies, administration of
TNF-a appears to cause clinical symptoms of multi-
ple organ dysfunction syndrome (MODS).’ There-
fore, TNF-a is considered to be an inflammatory
mediator that can directly initiate systemic inflam-
mation and MODS. All the described mechanisms
are interrelated and therefore it is quite difficult to
provide a protective efficacy with individual mecha-
nisms and mediators.”

Acute kidney injury (AKI), which is caused by the
sudden decrease in kidney functions after IR, is a
life-threatening clinical condition that causes the
accumulation of waste materials in the blood.” Dete-
rioration in renal tubule structure, hemodynamic
changes, increase in oxidant substances, increased
oxidative stress due to inhibition of the antioxidant
system, increased inflammation with the activation
of proinflammatory cytokines and immune cells are
responsible for the development of AKI due to kid-
ney IR.*>* Recent experimental studies have focused
on the single or combined use of many anti-
inflammatory and antioxidant agents to treat or pre-
vent these factors.” SS and AA are immune system
regulators as well as antioxidant effects.”'® The ben-
eficial effects of using selenium and vitamin C sepa-
rately or in combination with other vitamins have
been shown to prevent IR damage in different or-
gans such as the heart, lungs, intestines and kid-
neys. 13

In line with this information, we aimed to investi-
gate the pro-inflammatory and anti-apoptotic effects
of the combined use of sodium selenite and ascorbic
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acid against AKI caused by renal IR.

MATERIALS AND METHODS

Ethical Status: Experiment protocols were carried
out in accordance with international guidelines at
Sakarya University Animal Laboratory
(SUDATEM), after approval from Sakarya Univer-
sity Animal Care and Use Ethics Committee (Date:
04.11.2020, decision no: 61).

Animals: All rats were kept in wire cages under
standard laboratory conditions with a 12-hour light/
dark light cycle, a temperature of 22 + 2°C and a
humidity of 50-60%. Before the study, all rats were
fed with standard pellet chow and tap water. For
anesthesia, 30 mg/kg ketamine and 10 mg/kg
xylazine were administered intraperitoneally (i.p.).
Sodium selenite (SS) (Sigma Chemical East ells-
worth rd. item no; N0636, USA) and ascorbic acid
(AA) (Sigma Chemical 3050 Spruce Street. item no;
255564, USA) i.p. were given.

Experiment Protocol and Experimental Groups: In
our study, 28 Wistar-albino male rats weighing ap-
proximately 280-300 g (12-14 weeks old) were used.
The animals were randomly divided into 4 groups
with 7 rats in each group. All surgical procedures
were performed while the rats were under anesthe-
sia. SS and AA doses were determined according to
previous studies.*

Group I (Control, n=7): After the abdominal areas
of the rats in this group were shaved and cleaned,
both sides of the dorsal retroperitoneal regions were
opened and closed without any procedure.

Group II (IR group, n=7): As in Group I, after right
nephrectomy was performed on rats after surgical
preparation; the left kidney artery, vein and ureter
were clamped with a nontraumatic microvascular
surgical clamp, preventing blood flow for 1 hour and
ischemia was created, and then 24-hour reperfusion
was achieved.

Group III (IR+0.25mg/kg SS and 100mg/kg AA,
n=7): The low prophylactic dose of 0.25mg/kg SS
and 100mg/kg AA is given i.p. for five days before
performing the IR procedure. Then, the IR procedure
was applied as in Group II.

Group IV (IR+ 0.50mg/kg SS and 200mg/kg AA,
n=7): This group was i.p given a single high dose of
0.50mg/kg SS and 200mg/kg AA as a prophylactic
for five days before applying the IR procedure.
Then, the IR procedure was applied as in Group II.
After the experimental period, the animals were sac-
rificed and the kidney tissues were taken into 10%
formaldehyde for histological examinations.
Histopathological Examination: Tissue samples
were kept in 10% buffered formalin solution for 2
days, then they were dehydrated, cleared and embed-
ded in paraffin blocks. For histopathological exami-
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nation, sections of 4 microns were taken from each
block, stained with hematoxylin-eosin (H&E) and
examined using a Light microscope (Olympus CX31
-Japan).

Kidney tissue sections were evaluated using the
scale degree of kidney damage (tubular cell necrosis,
cytoplasmic vacuolization, hemorrhage, and tubular
dilatation), which was previously designed for semi-
quantitative evaluation."> Specifically, a single deep
coronal section was examined under the microscope,
depending on the extent of kidney involvement and
the degree of damage. The scores were formed such
as (0) is normal kidney; (1) is minimal damage (0-
5% turnout); (2) is mild damage (5-25% involve-
ment); (3) is moderate damage (25-75% involve-
ment) and 4 is severe damage (75-100% involve-
ment)."”

Immunohistochemical Examination: Sections of 4
or 5 um thickness from tissues embedded in paraffin
blocks were taken on a slide with “Poly-L-Lysine”
and after deparaffinization, immunohistochemical
(IHC) staining was performed using the EnVision
Flex detection kit (Agilent Technologies, California,
USA) in accordance with the manufacturer's recom-
mendations. Antigen unmasking was done by micro-
wave incubation of the slides in a solution of citrate
buffer (pH 6) for 40 min. Primary antibody diluted
1/300 (TNF-a: sc-52746, Santa Cruz-USA; IL-6:sc-
32296, Santa Cruz-USA: Bcl-2: sc-7382, Santa Cruz
-USA; Caspase -3:sc-56053, Santa Cruz-USA) was
dripped and incubated overnight at +4°C in a humid
environment. Diaminobenzidine (DAB) was used to
make the dye visible. After staining with hematoxy-
lin and eosin, the immunopositivity of the samples
was evaluated by giving a semiquantitative H score.
To evaluate the IHC staining results, both the inten-
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sity of the image reaction (weak-1, intense-2) and
the density of positive cells in percent (%0 — (0); 50-
1% - (1); 51-75% - (2); 76-100% - (3)) scoring scale
was used. The IHC image score calculation was cal-
culated for each image by multiplying the image
density reaction by the positive cell density.'
Statistical Analyzes: Statistical analyzes were per-
formed using the SPSS 24.0 package program (SPSS
Inc. and Lead Tech. Inc. Chicago. USA). Kolmogo-
rov-Smirnov test was used to evaluate the normal
distribution of the data. In the comparison of more
than two variables, one-way ANOVA was used for
data showing normal distribution, and Kruskal Wal-
lis one-way analysis of variance test was used for
data not showing normal distribution. In order to
determine which group was different from the oth-
ers, TUKEY HSD was used for homogeneous vari-
ances and Mann-Whitney U test was used for non-
parametric tests. Results are given as mean+standard
deviation (SD) and median-interquartile range
(IQR). Statistical evaluation was considered signifi-
cant if P<0.05.

RESULTS

It was observed in the histopathological evaluations
of the tissue samples that there were differences in
the morphological structures of the glomerulus and
renal tubules. Interstitial space, Bowman's capsule,
structure of glomeruli, distal and proximal tubular
epithelium were in regular morphological structure
in Group I and Group IV groups. Severe damage
was observed in the morphological structures of the
glomerulus and renal tubules in Group II, which was
the IR group that did not receive treatment, com-
pared to the other groups (Figure 1).

Figure 1. Microscopic images of kidney samples of control, untreated and treated IR groups after hema-
toxylin and eosin (H&E) staining. Kidney morphology was normal in Group I (a) and nearly normal in Group
IV (d); Group II (b) showed high-intensity hemorrhage areas (black star), occasional tubular cell necrosis (red
star) and cytoplasmic vacuolization. Group III (c) showed minimal cellular debris in rare areas, with no hemor-
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The comparison of the histopathological scores of
the experimental groups in terms of tubular necrosis,
cytoplasmic vacuolization, hemorrhage and tubular
dilatation of kidney damage is shown in Table 1.
Statistically significant degeneration was observed
in Group II, which is the IR group, compared to
Group I, Group III, Group IV (p<0.001). In compari-
sons made between Group I, Group III and Group
IV, kidney morphology was preserved close to nor-
mal, especially in Group IV. There was no statisti-
cally significant difference between these groups
(p>0.05) (Table 1).

In the immunohistochemical examination of the kid-
ney tissue, normal levels of TNF-a, IL-6, Caspase-3,

Songul Doganay and Ozcan Budak

and Bcl-2 expression were observed in Group I. In
Group II, TNF-a, IL-6, caspase-3, and Bcl-2 expres-
sions were significantly higher than Group I, Group
111, Group 1V (Figure 2A-3A), and the percentage of
positive cells increased statistically significantly.
(p=0.000 for all) (Figure 2B-3B). Comparing with
Group II, the immunopositivity decreased in Group
III and Group IV (especially Group IV), close to
Group I, and this decrease was statistically signifi-
cant (p=0.000) (Figure 2B-3B). There was no statis-
tical difference in the evaluations made between
Group III and Group IV (p>0.05).

Table 1. Comparison of histopathological scores of kidney injury between experimental groups.

Group Tubular Necrosis Me- | Cytoplasmic Vacuolization | Hemorrhage and Tubular Di-
(Each group n=7) dian (IQR) Median (IQR) lation
Median (IQR)
Group I o 0(0) 0(0)
Group I1 3 2 2 (1)
Group III 0 1(1) 1(1)
Group IV 0(0) 0(D) 0(0)
P value 0.000 0.001 0.000
(Kruskal Wallis)
P value 0.001; I-IL, 111, IV 0.001; I-II 0.001; I-IL, IIT, IV
(Mann-Whitney U) 0.003; II-1V
0.007; II-11I

Values are presented as median (interquartile range); n: numbers.
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Figure 2. TNF-a and IL-6 positive staining percentage and expression were normal in the control and treatment
groups (a, ¢, d); it is most intense in Group II (b). Extremely high TNF-a and IL-6 expression increased percent-
age of positive cells (e, f) in damaged areas in Group II. Decreased expression and percentage of positive cells
in treated Group III and Group IV (e, f). *p<0.001 when compared to Group I, Group III and Group IV. H&E,
200X.
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Figure 3. Caspase-3 and Bcl-2 positive staining percentage and expression were normal in the control and
treatment groups (a, c, d); It is seen that it is most intense in Group II (b). Extremely high expression of Caspa-
se-3 and Bcl-2 in damaged areas in Group 11, increased percentage of positive cells (e, ). Decreased expression
and percentage of positive cells in treated Group III and Group IV (e, f). *p<0.001 when compared to Group I,

Group III and Group IV. H&E, 200X.

DISCUSSION AND CONCLUSION

After the decrease or complete cessation of renal
blood flow, acute renal failure (ARF) is triggered
with various degrees of damage to the tissue with
reperfusion.'”  ARF is a life-threatening disease
with a high mortality rate. Oxidative stress and in-
flammatory response play an important role in the
progression of ARF. Products and phytochemical
compounds with strong inhibitory effects on these
mechanisms can be a useful treatment for ARF.'®
Therefore, in this study, the anti-inflammatory and
anti-apoptotic effects of using ascorbic acid and so-
dium selenite together in different doses against re-
nal ischemia-reperfusion injury were investigated.
Studies in the literature have shown an increase in
cytoplasmic vacuolization, vascular hemorrhage,
and tubular dilatation in tissues after IR." It was
observed that the co-administration of high and low
doses of ascorbic acid and sodium selenate to the
treatment groups in order to alleviate the damage
after IR, this damage was significantly reduced, es-
pecially in the high dose group. Positive effects of
ascorbic acid and selenium administration on IR
damage to reduce or treat renal IR damage have also
been demonstrated in previous studies.””*! As a re-
sult of a study in which different doses of AA were
applied before and after ischemia to prevent hepatic
ischemia-reperfusion injury. It even produces anti-
oxidant activity, and that it has pre-oxidant effects in
high-dose application.”” Hasanvand et al.,” and Os-
trozka-Cieslik et al.** reported that the application of

selenium against kidney IR injury reduces kidney
damage.

Kidney damage after IR causes the production of
inflammatory mediators such as various cytokines
and chemokines from tubular and endothelial cells.
This results in the infiltration of inflammatory cells
into the renal interstitium. Inflammatory cells in the
kidney produce pro-inflammatory cytokines.” In
ischemic ARF, the levels of proinflammatory cyto-
kines/chemokines such as interferon gamma (IFN-
v), interleukin-2 (IL-2), interleukin (IL-10), tumor
graft factor beta (TGF-B), IL-6, macrophage inflam-
matory protein 2 (MIP-2), and monocyte chemoat-
tractant protein 1 (MCP-1) increase in the kidney.*
In the current study, we observed that TNF-o, IL-6
expression and the percentage of positive cells in-
creased in the IR group compared to the control and
treatment groups as a result of the IHC evaluation. It
has been shown that the application of high and low
doses of ascorbic acid and sodium selenite reduces
TNF-0 and IL-6 expression and the percentage of
positive cells; especially high-dose application gives
results close to the control group.

Apoptosis is mainly initiated by the extrinsic path-
way that is triggered extracellularly (presence of
TNF-a or absence of growth factor) or the intrinsic
pathway triggered from intracellular DNA damage,
endoplasmic reticulum stress, or mitochondria. It
eliminates abnormal or dead cells to maintain home-
ostasis. In IR injury, cells die from apoptosis in the
first 24 hours of reperfusion.”” Once the caspases
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involved in apoptosis are activated, they induce a
series of reactions that lead to the initiation of effec-
tor caspase cell death. Caspase-3 is an important
marker in the initiation of apoptosis-inducing cas-
cades. Oxidative stress and severe inflammation
trigger the activation of caspase-3, which leads to
cell apoptosis.” In our study, caspase-3 and Bcl-2
expression and the percentage of positive cells were
increased in the IR group compared to the control
and treatment groups. The expression and the per-
centage of positive cells decreased in high and low
doses of AA and SS treatment groups, and especial-
ly high dose administration gave results close to the
control group.

Many factors contribute to apoptosis. But key ele-
ments are categorized into two major protein fami-
lies, including caspase enzymes and the Bcl-2 fami-
ly. The Bcl-2 family is a set of cytoplasmic proteins
that regulate apoptosis. The two main groups of this
family, the Bcl-2 and Bax proteins, are functionally
opposite: Bel-2 and Bcel-xL inhibit apoptosis, while
Bax counteracts this effect. Caspases, particularly
caspase-3, are known to play a key role in the Bax/
Bcl-2 ratio in driving apoptosis.”’ Recent evidence
indicates that Bcl-2 is also a downstream death sub-
strate of caspases and can thus inactivate the Bcl-2
anti-apoptotic function of caspase enzymes. Alt-
hough there is a feedback loop between Bcl-2 and
caspase, Bcl-2 cannot always prevent apoptosis.*
The results of our study concluded that Bel-2 expira-
tion increased with caspase-3 in the IR group. It has
been shown that the application of AA and SS did
not increase the expiration of Bcl-2. These results
suggest that AA and SS can not trigger the anti-
apoptotic effect of Bel-2.

In conclusion, prophylactic administration of AA
and SS significantly improved kidney morphology
in renal IR injury and promoted cell survival by tar-
geting inflammatory cytokines and apoptosis.
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