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ABSTRACT

Introduction: Kidney-transplantation is a life-
saving treatment option for patients with chronic
renal failure. Preserving the viability of the organ
from the removal of the organ until transplantation
into the recipient is one of the most essential factors
affecting postransplant success. Kidney tissue is
exposed to ischemia following removal of the organ
from the donor, initiating some cellular events.
Amniotic fluid (AF) was previously reported as a
preservation solution for the liver, but not for the
kidney yet. The aim of this study is to investigate
the effectiveness of AF as a preserving solution
for rat kidneys compared with the University of
Wisconsin  (UW) and Histidine-Tryptophan-
Ketoglutarate (HTK), which are reported to be
the most commonly used and preferred preserving
solutions. Methods: Forty male Wistar albino
rats were used in this study in four experimental
groups. Group 1: Ringer Lactate (RL, Control)
group, Group 2: HTK group, Group 3: UW
group, and Group 4: AF group. A midline incision
was performed, and the renal artery was isolated
under ketamine and xylazine anesthesia. Solutions
relevant for groups (cooled to + 4°C) were used
for kidney perfusion. Nephrectomy was applied,
and the removed kidneys were placed into + 4°C
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standard organ storage solution and stored at
+ 4° C for 12 hours. After 12 hours of storage,
samples from the kidney tissues were fixed in 10%
neutral buffered formalin. Histopathological,
immunohistochemistry evaluation and apoptosis
detection via TUNEL method were performed.
Results: The results of the AF group were close
to those of the UW and HTK groups. Tubular
necrosis and vacuolization were high in the RL
solution group when compared to the other
experimental  groups. Immunohistochemistry
staining for all three markers (TNF-alpha, IL-18,
and iNOS) was decreased in the amniotic fluid
group, similar to the UW and HTK groups. Also,
the number of apoptotic cells was decreased in the
AF group compared to control. Conclusions: UW,
HTK, and AF had similar and higher protective
effects compared to the RL solution. Thus, AF
may be used as an inexpensive and readily available
alternative natural tissue preservation solution.

KEYWORDS: amniotic fluid; cold ischemia;

Wistar rats; organ preservation

RESUMEN

Introduccién: El trasplante de rindén es una

Rev Nefrol Dial Traspl. 2020; 40 (01): 14-24. ISSN 0326-3428



Amniotic fluid in cold renal storage

opcién de tratamiento que puede salvar la vida de
pacientes con insuficiencia renal crénica. Preservar
la viabilidad del érgano desde su extraccién hasta
el momento del trasplante en el receptor es uno
de los factores principales que influyen en el
éxito postrasplante. El tejido renal estd expuesto
a la isquemia después de la extraccién del érgano
del donante, lo cual da inicio a algunos eventos
celulares. Existen estudios que indican que el
liquido amniético (LA) funciona como una
solucién de conservacién para el higado, pero
aun se desconoce si sucede lo mismo con el
rindén. El objetivo de este estudio es investigar la
efectividad del LA como solucién conservadora
para los rifiones de ratas, en comparacién con
la solucién de Wisconsin (UW) y la solucién de
histidina-triptéfano-cetoglutarato  (HTK), que
son los conservantes mds utilizados y preferidos.
Material y métodos: Se emplearon cuarenta
ratas albinas macho de la cepa Wistar en este
estudio, en cuatro grupos experimentales. Grupo
1: grupo solucién de lactato sédico compuesta
(LSC, Control); Grupo 2: grupo HTK; Grupo
3: grupo UW y Grupo 4: grupo LA. Habiendo
aplicado anestesia con ketamina y xilazina, se
realizé una incision en la linea media y se aislé
la arteria renal. Se utilizaron soluciones relevantes
para grupos (enfriadas a + 4° C) para perfusién
renal. Se realizé una nefrectomia, y los rinones
extraidos fueron colocaron en una solucién
estindar de almacenamiento de érganos a + 4° C
y se conservaron asi durante 12 horas. Después de
dicho periodo de almacenamiento, las muestras
de los tejidos renales se fijaron en formalina
tamponada neutra al 10%. Se llevaron a cabo una
evaluacién histopatoldgica e inmunohistoquimica
y una deteccién de apoptosis mediante el método
TUNEL. Resultados: Los resultados del grupo
LA fueron cercanos a los de los grupos UW y
HTK. La necrosis tubular y la vacuolizacién
fueron més altas en el grupo de la solucién LSC
que en los otros grupos experimentales. La tincién
inmunohistoquimica para los tres marcadores
(TNF-alfa, IL-18 ¢ iNOS) disminuy6 en el grupo
de liquido amnidtico, similar a los grupos UW y
HTK. Ademds, el nimero de células apoptdticas
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mengué en el grupo LA, en comparacién con
el de control. Conclusiones: UW, HTK y LA
tuvieron efectos protectores similares y superiores
en comparacién con la solucién LSC. Por lo
tanto, el LA puede usarse como una solucién
alternativa de bajo costo para la preservacién de
tejidos naturales.

PALABRAS CLAVE: liquido amnidtico;
isquemia fria; ratas Wistar; preservacion de
6rganos

INTRODUCTION

Kidney transplantation remains the most
suitable and effective treatment option for patients
suffering end-stage renal failure. However, some
unavoidable cellular processes, such as cold/warm
ischemia, can occur during transplantation.”
The cold ischemia process is destructive for early
graft function. This process may also result in
primary non-function (PNF) or delayed graft
function (DGF). Additionally, one of the most
significant problems in kidney transplantation is
the high rate of DGF after the surgical process,
affecting approximately 30% of renal transplants
worldwide.?’

The main goal of kidney preservation during
the transplantation process is to maintain cellular
integrity and organ functions during the time
between organ harvesting and transplantation.
At this point, a specific and useful preservation
solution is necessary for cold storage to prevent
some negative processes such as cold-ischemic
injury, oxidative stress-induced injury, and cell
swelling @. Extension of ischemic tolerance and
handling of the process with minimal cell damage
are improvements in kidney preservation.®

The most commonly used organ preservation
solutions are the University of Wisconsin (UW)
solution,  Histidine-Tryptophan-Ketoglutarate
(HTK) solution, Celsior (CS), Collins, and Euro-
Collins solutions.”)

Amniotic fluid (AF) is a colorless solution that
contains water and various chemical agents such
as electrolytes, peptides, lipids, carbohydrates,
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proteins, and hormones. Additionally, it has
antimicrobial property, regeneration capacity, and
bone-tendon-healing effects. Recently, AF was
used for the preservation of biological tissues, and
itwas reported asa good alternative to other storage
media regarding its nutritional, antimicrobial,
and growth promoting components.©®

AF was used as preservation solution for cold
storage of the liver previously. It was demonstrated
that AF preserved liver tissues as effectively as
standard solutions, and it decreased apoptotic cell
counts as well.®)

To the best of our knowledge, amniotic fluid
has not previously been reported as a preservation
solution for the kidney. This study aimed to
investigate the effect of AF as a preservation
solution for rat kidneys compared with UW and
HTK, the most preferred and used preservation
solutions.

MATERIAL AND METHODS
Materials and experimental design

This study was supported by the Scientific
and Technological Research Council of Turkey
(Ttibitak) (Project number: 2165238).

Forty male Wistar Albino rats were used in this
study. The rats used in experiments were purchased
from Canakkale Onsekiz Mart University. The
study was approved by Canakkale Onsekiz Mart
University Ethics Committee (ethical approval
date: feb. 29, 2016 and IRB number: 2016/02-03).
Animal procedures were performed according
to the Guide for the Care and Use of Laboratory
Animals principles.”’ The animals were housed in
standard rat cages, maintained in our laboratory
under controlled environmental conditions (an
air-conditioned room at room temperature 25 +
2° C, at standard humidity (30% to 40%), and
with a 12 h light/dark cycle).

Supply and preparation of the amniotic fluid
Amniotic fluid was collected from patients
who were referred to the Department of Obstetrics
at Canakkale Onsekiz Mart University, who had
no history of smoking, alcohol, or drug use. AF
of 5-10 ml was taken during cesarean section
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surgery before the amniotic pouch was dissected.
Immediately after collection, AF was placed into
tubes and centrifuged at 3000g for 10 min at 4°
C to discard precipitates. Then, AFs was stored
at - 80° C. On the experiment day, the frozen AF
was warmed up to 4° C, centrifuged at 4000 rpm
for 10 min twice, and the pellet was decanted.
The final AF was filtered through a 0.22-micron
filter (Merck Millipore, Cat no: GVWP06225)

and used immediately.

Experimental groups and surgical procedure

Forty 10-week old male Wistar Albino rats
were randomly assigned to the following groups:

DRinger Lactate (RL) solution group (Group
1, n=10).

2)Histidine-Tryptophan-Ketoglutarate (HTK)
solution group (Group 2, n=10).

3)University of Wisconsin (UW) solution
group (Group 3, n=10).

4)Amniotic fluid (AF) solution group (Group
4, n=10).

An abdominal midline incision was performed
on the rats under a mixture of 50 mg/kg Ketamine
hydrochloride (Ketalar, Pfizer, Turkey) and
10 mg/kg Xylazine (Rompun, Bayer, Canada)
anesthesia. The renal artery was entered with a
polyethylene catheter, and relevant solutions for
each experimental group (cooled to + 4° C) were
injected, and the kidneys were perfused. The renal
vein was cut, and kidney perfusion continued
until clear fluid came from the vena renalis. Then
nephrectomy was performed. After nephrectomy,
all rats were sacrificed with high dose anesthetic
administration. The removed kidneys were placed
in Falcon tubes each containing + 4° C RL,
HTK, UW, or AF solutions (15 ml), and stored
at + 4° C for 12 hours. Tissue samples were taken
from the perfused kidneys for histopathological
examination at 6" and 12 hours. After 12 hours
of storage, samples from kidney tissues were fixed
in 10% neutral buffered formalin.

Histopathological examinations
After the kidneys were removed, each sample

was consecutively numbered and quickly placed
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in 10% neutral buffered formalin for histological
examinations. Then, the kidneys were dehydrated
in graded alcohol series (70%, 80%, 96% and
100%, respectively), cleared in xylene (10 min,
3 times) and embedded in parafhin wax. Then
5 pm serial sections were cut using a microtome
(Leica RM 2125 RTYS). The sections were stained
with hematoxylin-eosin (H-E) and assessed
under a light microscope (Zeiss AxioScope Al)
with a camera attachment. Tubular necrosis,
vacuolization and dilatation of Bowman’s space
parameters were evaluated in light microscopic
examinations, which employed a scale ranging
from 0 to 3 as follows:

0=No changes found

1=Mild change

2=Moderate change

3=Severe change

Immunohistochemical evaluation

In addition to histopathology analyses,
TNF-alpha, IL-18, and iNOS immune markers
were used to investigate the ischemic damage
in renal tissues. Sections with 4 pm width were
collected on poly-L-lysin-covered slides. Primary
antibodies of TNEF-alpha (EMD Millipore
Corporation, clone 13F9.1, Lot #Q2573230),
IL-18 (Biorbyt Ltd. Cat No: orb107403) and
iNOS (Cell Signaling Technology, Lot#12242)
were used. 'Then, secondary antibody (20
min at room temperature), Streptavidin-HRP
(20 min at room temperature)) and DAB
(3,3-diaminobenzidine tetrahydrochloride)
solutions (5 min) were used in the given order.
Finally, the slides were stained with hematoxylin
for 10 min, and evaluation was carried out with
light microscopy.

Semi-quantitative analysis was used for
immunohistochemical assessments. For
each section, five microscopic areas were
randomly selected. The mean values of the
immunohistochemical ~ (TNF-alpha, IL-18,
and iNOS) parameters were scored semi-
quantitatively. Scaling was done as follows,'?

Grade 0: < 10% cells were stained;

Grade I: 10%-25% cells were stained;
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Grade II: 25%-50% cells were stained;
Grade I1II: > 50% cells were stained.

Apoptosis  assessment  with ~ Terminal
deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) method

Apoptosis causes fractures in DNA. In the
TUNEL method, terminal deoxynucleotidyl
transferase (TdT) adds numerous dUTP-labeled
deoxynucleotides to the 3" end of a DNA strand
(at 37 °C for 1 h). To detect apoptosis, in situ
DNA fragmentation analysis was performed with
the TUNEL (TdT-mediated dUTP nick end
labeling) method. Sections with 4 pm thickness
were cut from each paraffin block. After dewaxing,
hydration, and serum blocking, the Apoplag
Peroxidase in situ Apoptosis Detection Kit (§7100,
Merck Millipore, Darmstadt, Germany) was
used according to the manufacturer’s protocol.
After several washes, anti-digoxigenin-peroxidase
was applied to the sections for 30 min at room
temperature. The reaction was revealed using
DAB for 6 min. After the washes, the sections
were counterstained with hematoxylin for core
staining. Then, the sections were examined and
photographed under the light microscope, and the
brown-black stained nuclei of apoptotic cells were
observed. Apoptotic index (AI) was calculated in
percent, using the following formula:

Statistical analysis

The Statistical Package for the Social Sciences
(SPSS, version 22, IBM, Armonk, New York
10504, NY, USA) was used for the statistical
analysis. Bivariate comparisons were done with the
paired samples t-test and one-way ANOVA. The
statistical significance level (p) was set to <0.05.

RESULTS
Histopathological evaluation

When tubular necrosis data belonging to the 6™
hour is evaluated, there was significant statistical
increase in Control (RL) group compared to UW
and HTK groups (p values are 0.010 and 0.038,
respectively). When tubular necrosis data from
the 12 hour is evaluated, there was a statistically
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significant decrease in the RL group compared
to UW and AF groups (p values are 0.035 and
0.044, respectively). There was no significant
difference between the other groups.

When vacuolization data belonging to the 6™
hour is evaluated, there was significant statistical
increase in the RL group compared to HTK
and AF groups (p values are 0.021 and 0.021,
respectively). When vacuolization data from
the 12 hour is evaluated, there was statistically
significant increase in the RL group compared
to HTK and AF groups (p values are 0.013, and
0.005, respectively). There was no significant
difference between the other groups.

When dilatation in Bowman’s space data from

the 6™ hour is evaluated, there was statistically
significant increase in the RL group compared
to HTK, UW, and AF groups (p values are
0.009, 0.009 and 0.000, respectively). When
dilatation in Bowman’s space data belonging to
the 12 hour is evaluated, there was statistically
significant increase in the RL group compared to
UW and AF groups (p values are 0.008 and 0.000,
respectively). There was a statistically significant
increase in the HTK group compared to the
AF group (p=0.012). There was no significant
difference between the other groups.
Histopathology changes and micrographs
from the experimental groups can be seen in

Table 1 and Figure 1.

Table 1: Semi-quantitative Tubular - Dilatation of
. . 6h ; Vacuolization ) > Score

assessment of histopathological necrosis Bowman’s space

findings in rat kidney tissue Group 1 1 1 1 3
Group 2 0 1 0 1
Group 3 1 1 0 2
Group 4 1 1 0 1

12h

none: 0; Group 1 2 2 1 4

mild: 15 G 2 1 1 1 3

moderate: 2; roup

severe: 3; Group 3 1 1 0 2

more severe: 4 Group 4 1 1 0 2

Figure 1: Histological sections
of the kidney tissues, which
were taken in the 12th hour
of the experiment, showing
RL, HTK, UW, and AF
groups. Blue arrows indicate
vacuolization and the black
point to tubular
necrosis (Magnification x200)

TNF-a

AIrrows

iNOS

18

HTK
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Immunohistochemical evaluation

When the immunohistochemical results for
the 6™ hour for IL-18 are evaluated, there was no
significant difference between the experimental
groups. When the immunohistochemical results
from the 12% hour for IL-18 are evaluated, there
was a significant increase in the Control group
(RL) compared to UW and AF groups (p values
are 0.007 and 0.031, respectively). There was no
significant difference between the other groups.

When the immunohistochemical results for
the 6™ hour for TNF-a. are evaluated, there was a
significant increase between Control Group (RL)
compared to UW and HTK groups (p values
are 0.024, and 0.021, respectively). When the
immunohistochemical results from the 12 hour
for TNF-a are evaluated, there was a significant
increase in the Control group (RL) compared to
HTK, UW, and AF groups (p values are 0.001,
0.044, and 0.003, respectively). There was no
significant difference between the other groups.

When the immunohistochemical results from
the 6™ hour for iNOS are evaluated, there was a
significant increase in the RL group compared
to the UW group (p = 0.008). When the
immunohistochemical results for the 12 hour for

Graphic 1. Immunohisto
chemical results of all
experimental groups. Letters
show statistically significant
differences between groups
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iNOS are evaluated, there was a significant increase
in the RL group compared to UW and AF groups
(p values are 0.014 and 0.003, respectively). There
was no significant difference between the other
groups.

Immunohistochemical results and micrographs
for the experimental groups can be seen in Figure

2 and Graphic 1.

Apoptotic cell detection via TUNEL method

A significant increase in terms of Al results was
demonstrated in the RL group compared to UW
and AF groups in the 6™ hour (p values are 0.002,
and 0.001, respectively). There was no significant
difference between the other groups.

A significant increase in terms of Al results
was demonstrated in the RL group compared to
HTK, UW, and AF groups in the 12* hour (p
values are 0.004, 0.004, and 0.001, respectively).
There was no significant difference between the
other groups.

There was no statistically significant difference
between the AI values of HTK, UW, and AF
groups in the 6™ and 12* hours.

TUNEL staining micrographs of experimental
groups can be seen in Figure 3.
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Figure 2: Immunohistochemi- IL18 TNF Alpha
cal staining of the kidney 3,50
. 3,00
tissues for TNF-alpha, IL-18, 250
and iNOS showing RL, HTK, 2.00
. 1,50
UW, and AF groups in the oo
12 hour of the experiment 0.50
(Magnlﬁcat[on X200) IL18.6h IL18.12h TNFalpha.6h TNFalpha.12h
BGroup1l BGroup2 BGroup3 BGroup a L] p1 B p2 ® p3 EGroupa
iNOS
80,00
70,00
60,00
50,00
40,00
30,00
20,00
10,00
iNOS.6h iNOS.12h e TUNNELG&h TUNNEL12h
BGroupl ®Group2 WGroup3 YUGroup 4 pl p2 p3 YGroup4
Figure 3. Immunohisto

chemical staining of kidney
tissues by TUNEL showing
RL, HTK, UW, and AF
groups. Black arrows point to
apoptoticcells (Magnification
x400)

DISCUSSION

This study demonstrated that AF provides
kidney protection similar to UW and HTK,
standard  organ
solutions used in kidney transplantation, at the
immunohistochemical and microscopic level.
Histopathologically, parameters evaluated in the

which  are preservation
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AF group presented decreased injury compared to
the control group, and similar results compared
to UW and HTK groups, showing that AF

can be an alternative preservation solution for

kidneys. In addition, a significant decrease in the
number of apoptotic cells in the AF group showed
the positive effect of AF on organ viability.
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Immunohistochemical data also supported these
results.

Coldsstorage of kidney grafts for transplantation
includes four main components. In the order of
occurrence, these are hypothermia, ischemia,
hypoxia, and reperfusion. Kidneys harvested from
the donor are subject to prolonged ischemia. To
prevent possible injury, various organ preservation
solutions were developed and improved to maintain
the viability of kidneys."? Simple cold storage is
the most prevalent and effective technique for
kidney preservation. Protective effects of different
organ preservation solutions have been widely
studied.*'? The UW solution has high-viscosity
and osmotically active substances. Additionally,
it contains high-potassium and low-sodium, and
is the gold standard solution for the preservation
of liver, kidney, and pancreas."*'¥ An alternative
organ preservation solution to U'W is the Histidine-
Tryptophan-Ketoglutarate (HTK) solution, which
is cheaper and has low-viscosity compared to UW.
As with UW, HTK is also being used increasingly
for intra-abdominal organ preservation including
kidney, pancreas, and liver. It provides rapid
cooling and has fewer complications than the UW
solution !>

Ringer’s Lactate was one of the most
preferred organ preservation solutions in early
transplantation practices, but it was abandoned
afterwards due to several disadvantages. It also has
a capacity for rapid cooling of organs and thereby
leads to a decrease in metabolism. However,
after using RL solution, cellular metabolism and
oxygen demand still remains around 50%.1¢") In
our study, RL was used for kidney perfusion of the
control group.

Studies have shown that UW is the gold
standard organ preservation solution, with its
alternative being the HTK solution. Most of the
literature has focused on the preserving effect
of these solutions for abdominal organs and
pointed out that the UW solution provides better
preservation for renal grafts. It was mentioned
that UW and HTK are equivalent for renal
preservation."” Other studies suggested that no
significant differences exist between HTK and
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UW  concerning the preservation of kidneys.
131518 However, HTK is preferred more because
of its low-viscosity and lower costs."” In our study,
these two solutions proved to be similar; there
was no statistical difference between UW and
HTK solutions. In addition, AF was found to be
as effective as UW and HTK for preservation of
kidneys during the cold ischemic storage period.
Al level is the parameter considered for organ
viability, and it was found to be lower than the RL
group. Comparing the Al values of the groups, the
lowest apoptosis values in the AF group indicate
that AF increases organ viability and provides
effective protection. Decreased apoptotic cell
counts which were obtained in the AF group can
be evidence for valuable protection properties of
AF, and it is predicted that postransplant success
rates for kidney transplantation with AF perfusion
may be high.

Recently, various potential chemical solutions
have been studied for organ preservation all over
the world to get better results. Schreinemachers
et al" used Polysol as an alternative organ
preservation solution in their study. Also,
N-acetylcysteine, L-arginine, alpha-ketoglutarate,
nitroglycerin, vasosol, hyperbranched polyglycerol
and prostaglandin E-1 were used for organ
preservation and were shown to be promising
compared to the known solutions such as UW,
HTK, Celsior and Collins.?*2V

High viscosity and high potassium
concentrations may be possible reasons for
abnormal

delivery of organ preservation

solutions into the renal segments. It is known
that HTK has a lower viscosity than UW and
the vasoconstriction process may be induced by
high potassium concentrations. Studies reported
that the preservation solutions, including high-
sodium/low-potassium, were considered to be
effective in stopping vasoconstriction and were
better for renal preservation than low sodium-
high potassium ones.**%?

AF has normal sodium and normal-to-low
potassium concentrations similar to serum, which
is promising as an alternative preserving solution
for renal grafts. However, the protective effects
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of AF on the renal cold ischemic injury were
not studied before. It was reported that AF can
be used for the cryopreservation of cell culture
media.?? Also, AF was compared with the
Roswell Park Memorial Institute media and saline

29 AF was used as

for skin graft preservation.
preservation solution for the liver previously, and
it was demonstrated that AF decreased apoptotic
cell counts after 12 hours cold storage period.
® Histopathological, injury grades of AF group,
such as hydropic degeneration and sinusoidal
dilatation, were lower than in the RL group.® In
this study, we demonstrated the protective effect
of AF on cold storage of kidneys, and the results
showed that using AF as preservation solution
for kidney transplantation can increase the organ
viability. These results are compatible with the
literature.

TNEF-o is a proinflammatory cytokine secreted
by various cells in the inflammation process.*
IL-18 is another proinflammatory cytokine, and it
was shown to be involved in renal inflammation.
IL-18 is known to increase tubular necrosis and
other ischemic damage parameters, especially in
renal ischemia-reperfusion injury.?” Increased
IL-18 is an important parameter for evaluating
renal viability.””?” In our study, TNF-a and
IL-18 were evaluated immunohistochemically
and there was a decrease in UW, HTK and AF
groups compared to the RL group. This decrease
was also statistically significant. Results for the AF
group were similar to the UW and HTK groups,
and there was no statistically significant difference
between groups. This suggests that AF reduces
proinflammatory cytokine secretion as effectively
as UW and HTK for renal preservation.

iNOS is expressed in many cells, such as
Kupffer cells, hepatocytes and vascular smooth

G0 Tt is a marker that is frequently

muscle cells.
used in the determination of tissue injury levels,
since its release increases especially during the
SCS process."” In our study, iNOS values were
significantly lower in UW, HTK and AF groups
compared to the RL group, suggesting that AF
provides kidney protection similar to standard

preservation solutions.
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As a limitation of this study, biochemical,
molecular and immunological parameters such as
catalase, lipid peroxidase, glutathione peroxidase,
and endothelial nitric oxide synthase could be
studied. The ultimate benefit of AF as an organ-
preservation solution could be shown after
transplantation to a receiver and by demonstrating
its clinical performance.

In conclusion; our results show that AF has
similar effects compared to the UW and HTK
solutions and is superior to RL solution concerning
the histopathological renal injury parameters,
TNF-alpha, iNOS, IL-18, and TUNEL markers.
Thus, as a natural tissue preservation solution, AF
may be an inexpensive, promising, and readily
available alternative for organ preservation.
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