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ABSTRACT

BACKGROUND: Ischemia/reperfusion (I/R) injury is a complex event frequently observed in vascular surgery
and can cause functional and structural cell damage. Nucleolar-organizing regions (NORs) are sites of the
ribosomal genes located on chromosomes and can be stained with silver when they are active. Thus these
proteins are named as argyrophilic-NOR (AgNOR)-associated proteins. We aimed to investigate any possible
effects of renal I/R injury on the NOR protein synthesis and association between the AGQNOR proteins amount
and histopathological injuring score.

METHODS: Nine female wistar-albino rats with weight of 200-250g were included into the study. The animals
were randomly divided in two groups, a Control Group and an I/R Group. In I/R group, rats were subjected to
45 minutes of renal pedicle occlusion followed by 24 hours of reperfusion. In the control group no drug injections
or ischemia reperfusion were performed in animals. Then histopathological injury score, mean AQNOR number
and total AQNOR area/nuclear area (TAA/NA) were detected for each rat.

RESULTS: The differences between control and I/R groups were significant for histopathological injury scores (p
= 0.016). Also the differences between control group and I/R group were significant for mean AQNOR number
(p = 0.000) and TAA/NA ratio (p = 0.000). Additionally, there was a positive correlation between TAA/NA ratio
and histopathological injury score (r = 0.728; p = 0.026) and between mean AgNOR number and histopatholo-
gical injury score (r = 0.670; p = 0.048).

CONCLUSION: The detection of AQNOR proteins amount may be used as an indicator to obtain information
about the cellular behaviour (self-protective mechanism of tubular epithelial cells) against I/R injury and cellular

damage levels (Tab. 2, Fig. 4, Ref. 24). Text in PDF www.elis.sk.
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Introduction

The term of ischemia indicates insufficient blood supply to
tissues owing to obstruction of the arterial inflow. Therefore,
biomedical researchers and physicians have coped to better un-
derstand the basic mechanisms of ischemia-induced tissue dam-
age for developing therapies to reduce the destructive health and
economic cost exposed by disorders characterized with reduced
organ-specific blood flow (1). Reperfusion injury has caused the
tissue damage which occurred via blood supply return to the tis-
sue after a period of ischemia or lack of oxygen.The absence of
nutrients and oxygen from blood causes restoration of circula-
tion leading to inflammation and oxidative damage through the
induction of oxidative stress rather than restoration of normal
function during the ischemic period. Renal ischemia/reperfusion
(IR) injury has a role in different clinical situations such as par-
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tial nephrectomy, renal transplantation, renal artery angioplasty,
cardiopulmonary bypass, aortic aneurysm surgery, and elective
urological operations. The temporary absence of renal blood sup-
ply may lead to tissue death. Additionally, reconstruction of blood
flow to deprived tissue is also highly damaging (2-4). So exact
understanding of the celular mechanisms occurring due to isch-
emia/reperfusion injury has great importance for to elimination
of these negative effects.

The nucleoluses are important structures within cell nuclei.
The synthesis, processing, and assemblance of ribosomal pro-
teins of ribosomal RNAs occurr in the nucleolus.The nucleolus
size and organization are directly associated with ribosome pro-
duction and exhibite the functional compartmentalization of the
nucleolar machinery.

Nucleolar-organizing regions (NORs) are site of the ribosomal
genes located on chromosomes and composed of ribosomal DNA
(rDNA) and proteins, some of them are argyrophilic. NORs are
transcribed into ribosomal RNA that is processed to preribosomes
in the nucleolus and becoming a part of mature ribosomes in the
cytoplasm (5). When the NORs are active, they can be stained with
silver. Silver binds with those transcriptionally active or transcribed
and still retaining residual rRNA nonhistone-associated proteins.
Bacause of the silver affinity, those proteins are named argyrophilic
NOR (AgNOR)-associated proteins and silver staining method is
the most reliable to show nucleoli in interphase nuclei (6). A lot
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of studies have been carried out about the importance of AgNOR
proteins such as benign and malignant thyroid tissue (7-11), hair
root cells of humans with alopecia or healthy individuals (12,
13), buccal epithelial cells of Down syndrome infants and healthy
persons (14, 15), the effects of CO exposure on the NOR protein
synthesis of hearth and lung cells (16-18) and so on. However,
to our knowledge, there are no researches in the literature about
the association between AgNOR proteins and renal ischemia/re-
perfusion (IR) injury. For this reason, we performed the study to
show any possible effects of renal I/R injury on the NOR protein
synthesis and possible association between the AgNOR proteins
amount and histopathological injury score.

Methods

Study design

9 rats were randomly divided into 2 groups as control(C) (n =
3) and ischemia/reperfusion (I/R) (n= 6). At the end of each in vivo
study, the rats were euthanized under anesthesia and the kidneys
were quickly removed, decapsulated and divided longitudinally
into two equal sections. Each one was placed in 10% formalde-
hyde solution. Ethical approval was taken from the local animal
ethics committee according to accepted principles for laboratory
animal use and care.

Surgery and experimental protocol

Nine Wistar-Albino female rats weighed between 200-250 g
were included in the current study. The rats were anesthesized with
an intraperitoneal injection of 80 mg/kg ketamine hydrochloride
(Ketalar, Pfizer, Groton, CT) and 10 mg/kg xylazine hydrochloride
(Rompun; Bayer, Leverkusen, Germany). The rats were placed
on a thermal blanket to avoid hypothermia, and under the rib of
left abdominal skin was shaved and washed using an antiseptic.
The dorso-lateral incision (2—3 cm) was opened with sterile for-
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ceps and scalpel and both kidney and adipose tissue were taken
out together via sterile scalpel. To induce ischemia, the left renal
hilus was dissected and the left renal pedicle (artery and vein)
was occluded for 45 min. To help maintain the fluid balance dur-
ing ischemia, 10 ml of warm normal saline was instilled into the
peritoneal cavity. When signs of emergence from anesthesia dur-
ing surgery occured in the rats, they were anesthesized with an
intraperitoneal injection of 40 mg/kg ketamine hydrochloride and
anesthesia was allowed to continue. After the ischemic period, re-
perfusion was achieved by removal of the clamp and kidney was
placed into the abdominal cavity with adipose tissue. Atraumatic
needle (6-0 number Vicryl) was used to sew of the subcutaneous
connective tissue and muscle layers. After the sewing procedure,
the line of suture was washed with antiseptic.

Experimental groups

Control group (C: n = 3): The Rats were not administered any
drug(s) and ischemia/reperfusion procedure.

Ischemia/reperfusion group (I/R: n=6): The left renal vessels
of the rats were occluded for 45 min, followed by 24 h reperfu-
sion, but the animals were not administered drug by intraperito-
neal injection.

Rats were kept under an average ambient temperature of 27
°Cunder a 12 h: 12 h light : dark cycle.Also they were fed on a
standard rodent diet and filtered tap water.

Histopathological evaluation

For histopathological injury score, the kidney tissues were
dissected (approximately 1 x 1 x 1 cm3 in size). After routine
histological follow-ups, the tissue samples fixed in 10 % buffered
formaldehyde for 24 h, processed using agraded ethanol, xylene
and embedded in paraffin. The paraffin sections were cut into 4
pum thick slices and stained with hematoxylin and eosin (HE) and
PAS staining to evaluate a morphological overview of the tissue
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Fig. 2. Demostrative examples of the AgNOR staining of tubular epi-
thelial cells of kidney (a — control; b — I/R group).

and its structure. For light microscopic examination the pictures of
the kidney’ cells were photographed with Nikon light microscope
(Nikon Eclipse 180, Tokyo, Japan), with an attached photograph-
ic machine (Nikon DS-Fil).Each specimen was scored as to be
taken into consideration for the degree of severity of histopatho-
logical changes as follows: hemorrhagia (+1); necrosis of tubular
epithelial cells (+1);brush border(striated border or brush border
membrane) loss (+1); necrotic cells in tubular lumen of kidney
tissue (+1). Each kidney slide was evaluated and the severity of
observed changes was scored using a scale of none (0), mild (1),
moderate (2), and severe (3) damage. Histopathological analyses
was made by an experienced pathologist. Demostrative examples
of the histopathological changes are shown in Figure 1.

AgNOR detection

The obtained kidney tissue of the animals was dissected (ap-
proximately 1 x 1 x 1 cm? in size). After routine histological fol-

Tab. 1. Histopathological injury scores in the study.

low up, the kidney tissue was cut to 4-mm thick sections and
deparaffinized in xylene and then rehydrated in graded alcohol
solutions before AgNOR staining. The slides were air-dried for
15 min at room temperature and fixed in fixative (3 : 1 ratio of
methanol and acetic acid solution) for 5 min. AgNOR staining
method was carried out according to the Benn and Perle protocol
and the Lindner protocol, with a slight modification for all slides
of groups (19, 20). The AgNOR staining tubular epithelial cells
of kidney were viewed using a light microscope (Eclipse 80i,
Nikon) and photographed via a digital camera (DigitalSight DS-
fil, Nikon). The captured images of tubular epithelial cells were
transferred to image processing software (ImagelJ version 1.47t,
National Institutes of Health, Bethesda, Maryland, USA). Fifty
nuclei per slides were evaluated and the total AgNOR area per
nuclear area (TAA/NA) and mean AgNOR number were detected
via the “freehand selections” tool for each nucleus. Demostrative
examples of the AgNOR staining tubular epithelial cells of kidney
are shown in Figure 2.

Statistical analysis was performed using Statistical Package
for Social Sciences (SPSS, Inc., Chicago, Illinois, USA) for Win-
dows 17.0. The descriptive statistical methods (mean and stan-
dard deviation (SD)) and Mann—Whitney U tests were used to
compare conrol and I/R groups. Statistical correlation between
histopathological injury scores and both mean AgNOR numbers
and the TAA/NA ratio in interphase nuclei of tubular epithelial
cells of kidney were performed using Spearman correlation test.
Results were given as mean + SD, and p < 0.05 was accepted as
statistically significant.

Groups Hemorrhagia Necrosis of tubular Brush border Necrotic cells in tubular Total Score p
epithelial cells membrane loss lumen of kidney tissue
Cl 0 0 0 0 0
C2 0 0 0 0 0
C3 0 0 0 0 0
I/R1 2 2 2 3 9
I/R2 1 2 2 2 7
UR3 3 2 1 ] 7 0.016
I/R4 1 2 2 2 7
/RS 3 2 2 2 9
I/R6 2 2 2 2 8
Tab. 2. Mean AgNOR number and TAA/NA of groups.
Groups Mean AgNOR Number ~ Mean TAA/NA Mean Value of Group for Mean Value of Group for Z value P Value
(n=50) (n=50) AgNOR number (n=150 TAA/NA (n=150 for C;
for C; n=300 for I/R) n=300 for I/R)
Cl 1.12+0.329 0.023+0.011
C2 1.240.404 0.024+0.010 1.177+£0.379 0.023+0.011 -3.615% 0.000%
C3 1.21+0.404 0.022+0.011
I/R1 1.26+0.599 0.044+0.014
I/R2 1.3+0.051 0.057+0.047
I/R3 1.340.580 0.061+0.028
R4 1550707 0.06950.033 1.413+0.568 0.07+0.04 -15.174% 0.000*
I/R5 1.44+0.705 0.090+0.043
I/R6 1.68+0.768 0.099+0.074
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Fig. 3. Comparison of control group and I/R group for mean AgNOR number and TAA/NA ratio.

Results

Hemorrhagia (+1); necrosis of tubular epithelial cells (+1);
brush border (striated border or brush border membrane) loss (+1);
necrotic cells in tubular lumen of kidney tissue were evaluated
during histopathological examination. Histopathological findings
of the study are shown in Table 1. Significant differences between
control and I/R groups were found for histopathological injury
scores (Z =-2.416,p =0.016).

Also, the differences between control group (1.177 + 0.379)
and I/R group (1.413 + 0.568) were significant for mean AgNOR
number (Z =-3.615 and p = 0.000). Additionally, the differences
between control group (0.023 +0.011) and I/R group (0.07 +0.04)
were significant for TAA/NA ratio (Z =—15.174 and p = 0.000)
(Tab. 2, Fig. 3).
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Additionally, there was a strong positive correlation between-
TAA/NA ratio and histopathological injury score (r = 0.728; p =
0.026). Additionally, a strong positive correlation between AgNOR
number per cell and histopathological injury score (r=0.670; p =
0.048) was found (Fig. 4).

Discussion

I/R injury is a complex event that is frequently seen in vascular
surgery, organ procurement and transplantation, and can cause func-
tional and structural cell damage. Hypoxia and acidosis are most of-
ten occuring damages during the ischemic period. Reactive oxygen
species occur and neurtophils are activated during this period (21).

It was known that the nucleolus is related with the maintenance
and regulation of important cellular processes such as ribosome
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Fig. 4. Correlation between both AGNOR number per cell, TAA/NA and histopathological injury score.
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assembly, mitosis, the generation of ribonucleoprotein complexes
and stress response (22). NORs are surrounded by a great num-
ber of regulatory proteins in interphase and they are functional
subunits of the nucleolus (23). We reported that the AgNOR pro-
tein amount increased depending on the increase of CO exposure
(also it caused hypoxic condition) in the lung and heart cells in
our previous studies (16—18). In our current study, the TAA/NA
ratio and total AgNOR number per total nuclear number increased
depending on the I/R injury in the tubular cells of kidney, too. To
the best of our knowledge, this is the first study evaluating and
correlating AgNOR amounts with histopathological injury scores
in rat kidneys exposed to I/R injury.

IR injury can lead to acute kidney injury in different clinical
settings including renal transplantation and hypovolemic and/
or septic shock. It was known that short periods of intermit-
tent ischemia and reperfusion can trigger ischemic conditioning
that is an inherent piece of the renal defense mechanism against
ischemia. So a great number of studies are necessary to under-
stand the signalling transduction pathways of renal ischemic
conditioning (24).

All living cells tend to protect their structural and metabolic
situation toward dangerous agents such as I/R injury. The current
study showed that the expression capacity of rRNA gene, as de-
tected via total TAA/NA and/or AgNOR number per total nuclear
number, increased depending on the I/R injury in the kidney cells.
Perhaps the AgNOR proteins may occur against I/R injury (Against
endogenous and exogenous oxidative stress) and/or trigger the
synthesis of some other proteins, which have protective features
or roles in the signaling transduction pathways and gene expres-
sion regulation of renal ischemic conditioning. When the I/R injury
duration is increased (longer than 45 min), changes may occur in
the AgNOR proteins amounts. To obtain more certain knowledge
about the current topic, additional studies should be carried out.
In this manner, new therapeutic approaches may be developed in
the treatment of I/R injury in the future.

Significant correlations were found between the results of
the histopathological injury score and both the mean AgNOR
number and TAA/NA. The results of the histopathological injury
score can be obtained with the evaluation of hemorrhagia, ne-
crosis of tubular epithelial cells, brush border (striated border or
brush border membrane) loss and necrotic cells in tubular lumen
of kidney tissue. Thus, it may be said that only the detection of
AgNOR protein synthesis amounts maybe used to obtain knowl-
edge about the damaging degreeof the kidneys’ cells, instead of
the histopathological injury score requiring an experienced pa-
thologist. The limitations of the current study is the relatively
small number of groups. Our technique that was used for the
detection of AgNOR proteins amounts, both the NOR area and
nuclear area (NA) were used for the calculation of the TAA/NA
proportion. Thus, more certain knowledge about cellular activi-
ties (proliferation, differentiation, and secretory activities etc.)
of each cell could be obtained. Thus, indirect knowledge may
be acquired about the behavior of the kidney cells for protection
against I/R injury. In addition to this, this technique provides
simple, cheap, reliable and a valuable marker to evaluate the

ribosomal gene activity in different metabolic states of cells, it
has important advantages.

In conclusion, it was detected that the AgNOR protein levels
increase depending on I/R injury. Also there was a significant cor-
relation between histopathological injury scores and AgNOR pro-
tein amounts. Therefore, it may be said that the detection of these
proteins amount may be used as an indicator to obtain a more exact
knowledge about the cellular behaviour (self-protective mechanism
of tubular epithelial cells) against I/R injury and celular damage
levels instead of histopathological injury scores. Additional studies
including large sample series should be performed to obtain more
reliable knowledge about this topic. In this way, new therapeutic
approaches for I/R injury may be developed.
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