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ABSTRACT

Objectives: Histidine-tryptophan-ketoglutarate (HTK) solution is the storage
solution used in organ transplantation. However, such solutions cannot
completely eliminate tissue damage. Acetyl L-carnitine (Alcar) is a strong
antioxidant. In this study we aimed to determine the protective effects of HTK
solution prepared with Alcar in kidney tissue.

Methods: Twenty-four rats used in this study were divided into 4 groups. Kidneys
of rats in groups 1 and 2 were stored for 4 hours in HTK and HTK+Alcar solutions,
respectively. Kidneys of rats in groups 3 and 4 were stored for 24 hours in HTK
and HTK+Alcar solutions, respectively. Histological and immunohistochemical
examinations of the kidneys were performed. In addition, TUNEL analysis was
performed for the evaluation of apoptosis.

Results: The findings of histomorphological damage in short-term HTK and
HTK+Alcar groups were mild, but it was found widely in long-term HTK and ong-
term HTK+Alcar groups on histologic evaluation. When histological scoring was
made from kidney sections stained with H&E, the scores in HTK+Alcar groups
decreased significantly compared to HTK groups. It was also seen that the score
level increased significantly in  long-term groups. According to
immunohistochemical evaluation, in short- and long-term HTK+Alcar groups, the
acetyl-L-carnitine prevented the antiapoptotic mechanisms to be activated and
the intense expression of Bcl-2 has not occurred. In short- and long-term HTK
groups, osteopontin showed more immunopositive result.

Conclusion: It was determined that the modified HTK solution prevented the
increase of the activation of the expected oxidant mechanisms resulting in
ischemia. This contribution of acetyl-L-carnitine was also found in long-term
group findings.
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OZET

Amag: Histidin-triptofan-ketoglutarat (HTK) ¢ozeltisi, organ naklinde kullanilan
depolama solisyonudur. Bununla birlikte, bu tir ¢ozeltiler doku hasarini
tamamen ortadan kaldiramaz. Asetil L-karnitin (Alkar) gugl bir antioksidandir.
Bu g¢alismada, Alkar ile hazirlanan HTK ¢ozeltisinin bobrek dokusunda koruyucu
etkilerini belirlemeyi amagladik.

Yéntemler: Bu galismada kullanilan 24 sigan 4 gruba ayrildi. Grup 1 ve 2'deki
siganlarin bobrekleri, sirasiyla HTK ve HTK+Alkar ¢ozeltilerinde 4 saat bekletildi.
Grup 3 ve 4'teki siganlarin bobrekleri sirasiyla HTK ve HTK+Alkar ¢ozeltilerinde 24
saat bekletildi. Bobreklerin histolojik ve immiunohistokimyasal incelemeleri
yapildi. Ayrica apoptozis degerlendirilmesi igin TUNEL analizi yapildi.

Bulgular: Kisa siureli HTK ve HTK+Alkar gruplarinda histomorfolojik hasar
bulgulari hafifti, ancak histolojik degerlendirmede uzun sireli HTK ve uzun sireli
HTK+Alkar gruplarinda bu bulgular yaygin olarak saptandi. H&E ile boyanmis
bobrek kesitlerinden histolojik skorlama yapildiginda HTK+Alkar gruplarindaki
skorlar HTK gruplarina gére anlamli olarak azaldi. Uzun dénemli gruplarda da skor
dizeyinin  6nemli  6lglide arttigr  goérilmistiir.  imminohistokimyasal
degerlendirmeye gore, kisa ve uzun sireli HTK+Alkar gruplarinda asetil-L-
karnitin, antiapoptotik mekanizmalarin aktive olmasini 6nledi ve Bcl-2'nin yogun
ekspresyonu gozlenmedi. Kisa ve uzun sireli HTK gruplarinda osteopontin daha
fazla immuinopozitif sonug gosterdi.

Sonug: Modifiye edilmis HTK ¢ozeltisinin, iskemi ile sonuglanan beklenen oksidan
mekanizmalarin aktivasyonunun artmasini engelledigi belirlenmistir. Asetil L-
karnitinin bu katkisi uzun dénem grup bulgularinda da bulunmustur.

Anahtar Sozciikler: Bobrek, iskemi, histidin-triptofan-ketoglutarat, asetil L-
karnitin, apoptoz

Gelig Tarihi: 15.05.2020 Kabul Tarihi: 09.06.2020

ORCID IDs: G.S.S. 0000-0001-7582-6235, N.C.A. 0000-0001-7067-7322, S.N.A. 0000-0002-5830-0167, D.D. 0000-0001-7549-877X, K.A. 0000-0002-1406-5900, M.B. 0000-

0002-0608-8264, M.K. 0000-0002-5135-8067, C.0. 0000-0002-9313-2920

Address for Correspondence / Yazigma Adresi: Gulistan Sanem Saribas, Ph.D. Kirsehir Ahi Evran University, Faculty of Medicine, Department of Histology and Embryology,

Kirsehir, Turkey E-mail: sanemarik@gmail.com

©Telif Hakki 2020 Gazi Universitesi Tip Fakiiltesi - Makale metnine http://medicaljournal.gazi.edu.tr/ web adresinden ulasilabilir.
©Copyright 2020 by Gazi University Medical Faculty - Available on-line at web site http://medicaljournal.gazi.edu.tr/

doi:http://dx.doi.org/10.12996/gm;j.2020.143

622



Original Investigation / Ozgiin Arastirma

GMJ 2020; 31: 622- 629
Saribas et al.

INTRODUCTION

The rapid increase in the number of patients waiting for organ transplantation
every year has made it important to protect the few organs obtained. For this
reason, many techniques and different content solutions are being developed to
protect these organs (1, 2). The purpose of preservation solutions is to protect
the morphological and biochemical properties of organs by reducing ischemia
and hypothermia damage during and after transplantation of organs. In addition,
these preservation solutions optimize organ function and graft survival time.
Organ transplantion is main solution for organ failure. Transplant organ must be
protected from hypoxia to avoid ischemia. Ischemia is a restriction in blood flows
to tissues, trigger to produce of reactive oxygen species (ROS), proinflammatory
cytokine production and caused activation of apoptotic pathway (3-5). In order
to prevent these conditions, organ preservation solutions are used. Although the
contents of organ preservation solutions are different, the common purpose of
all is to prevent cell swelling, weakening of energy metabolism, and
accumulation of acidosis and reactive oxygen precursors (6, 7). Histidine-
tryptophan-ketoglutarate (HTK) solution, which is a protective agent, is a
solution that plays an important role in mitochondrial functions and provides
metabolism and vitality of the organ during organ storage. However, these
solutions cannot completely eliminate the tissue damage (5, 8). Therefore, in our
study; we investigated the effects of acetyl L-carnitine (Alcar) which is a strong
antioxidant to HTK solution on the kidneys kept in different cold storage periods
and investigated the protection of Alcar added to HTK solution against ischemic
damage.

MATERIALS and METHODS

Animals

The experimental part of this work was carried out at Gazi University
Laboratory Animals and Experimental Research Center (GUDAM). The animals
were sacrificed under high anesthesia and their kidneys were removed. These
healthy kidneys were divided into four groups.
Group 1 (HTK-4h) (n=6): The kidneys were stored in cold storage (+4°C) for 4
hours in HTK solution.
Group 2 (HTK+Alcar-4h) (n=6): The kidneys were stored in cold storage for 4
hours in HTK solution added with Alcar.
Group 3 (HTK-24h) (n=6): The kidneys were strored in cold storage for 24-hours
in HTK solution,
Group 4 (HTK+Alcar-24h) (n=6): The kidneys were stored in cold storage for 24-
hours in HTK solution added with Alcar.

Histological analysis

The kidney of each animal fixed in 10% buffered formalin were dehydrated
with gradual concentrations of alcohol and then embedded in paraffin. Serial
paraffin sections were stained with hematoxylin and eosin (H&E) for examination
under light microscopy brand Leica DM 4000.

TUNEL assay

Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) method
was used to assess DNA fragmentation in the cells. The ApopTag Plus Peroxidase
In Situ Apoptosis Kit (Millipore, cat no: 7102) was used for detects apoptotic cells,
following the manufacturer's protocol. Briefly, four pum-thick cross-sections
obtained from the kidney tissue blocks were incubated at 61 'C. After
deparaffinization, tissues were incubated with 20 pug/ml proteinase K at room
temprature for 15 minutes.

Then, tissue sections were incubated with 3% hydrogen peroxide for the
inhibition of endogenous peroxidase activity, in a humid environment for 5 min
at room temperature. Equilibration buffer was applied for 5 min at room
temperature. After the excess liquid was aspirated, the slides were incubated in
TdT enzyme solution for 1 hour at 37°C in a humidity chamber. The slides were
incubated at room temperature in the stop/wash buffer for 10 min, then slides
were incubated in anti-digoxigenin peroxidase solution at room temperature for
30 min in a humidity chamber. Then, staining with DAB was performed to identify
TUNEL-positive cells. Mayer’s haematoxylin was used for background.
Photomicrographs were taken using a light microscope.

Immunohistochemical analysis

Following deparaffinization, the cross-sections were incubated in citrate buffer
(pH: 6.0) and 3% hydrogen peroxide. Ultra V block (Genemed Biotechnology, Cat:
54-0003) was applied for blocking. After the blocking stage, sections were
incubated with Bcl-2 (rabbit polyclonal; SantaCruz, cat no: sc-783) and
osteopontin (OPN) (mouse polyclonal; SantaCruz, cat no: sc-21742) primer
antibody in different dilutions (1:100; 1:200, respectively) for overnight at 4 °C.
Subsequently, tissue sections were incubated with secondary antibody
(Genemed Biotechnology, Cat: 54-0003), and then immunoreaction was made
visible with streptavidin peroxidase & diaminobenzidin (DAB) (Lab Vision, cat no:
TA-125-HD) complex. Mayer’s haematoxylin was used for background staining.
Photomicrographs were taken using a light microscope. At each preparation of
Bcl-2 and OPN immunohistochemical stainings, 6 areas were determined
randomly at x400 magnification and the immunological involvement was
determined as (%) in the ImageJ program.

Ethical approval

This study was conducted in the GUDAM Laboratory of Gazi University with
the consent of the Experimental Animals Ethics Committee of Gazi University (G.
0. ET-13.040).

Statistical analysis

Data distribution was assessed by Shapiro-Wilk test. To compare continuous
variables, the post-hoc paired comparisons after Kruskal-Wallis test were used
for non-normally distributed data. Statistical analyses were performed using IBM
SPSS Statistics 21. P < 0.05 was accepted as statistically significant.

RESULTS

Histomorphological results

Diffuse glomerular sclerosis in a small number of glomeruli, dilatation in a small
number of tubules, and dilatation in a small number of veins were observed in
the HTK-4h group. Other kidney structures were observed to have normal
histological structure. In the HTK Alcar-4h group, all structures in the renal tissue
were observed as in the normal histological structure. In the HTK-24h group,
dilatation in the vessels, dilatation in the tubules, diffuse glomerular sclerosis,
and atypical dilatation in the tubule epithelial cells, cellular debris in the tubule
lumen, peripheral localization in the glomeruli and mononuclear cell infiltration
in the intersitium were observed. In the HTK+Alcar-24h showed diffuse
glomerular sclerosis in some glomeruli and dilatation in vessels, however
dilatation and mononuclear cell infiltration was not observed in the tubules.
When tubular and glomerular damage were evaluated histomorphological, the
first and second groups were similar, but the third group had prominent tubular
damage. Tubular damage in group 4 was less than group 3 (Figure 1).
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Figure 1. Histological findings of all the groups (H&E). Diffuse glomerular sclerosis (G); dilatation in tubules (blue arrow); dilatation in the vessel (black arrow); atypical
dilatation in the tubule epithelial cells (red arrow); cellular debris in the tubular lumen (yellow arrows); mononuclear cell infiltration (white arrows)
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When the histological parameters defined with H&E staining were scored, a
statistically significant difference was determined between the groups (Table 1).
When HTK-4h group and HTK+Alcar-4h group were compared, the score level of
the Alcar added group decreased statistically significantly (p<0.001). This
comparison was the same in 24-hour groups. When the HTK-4h group and the

HTK-24h group were compared, the score in the 24-hour group increased
statistically significantly (p<0.001). This comparison was the same for the groups
that was added to the Alcar.

Table 1. The percentage of histological score in each group. P<0.001, HTK-4h vs. HTK+Alcar-4h group; HTK-24h vs. HTK+Alcar-24h group; HTK-4h vs. HTK-24h group and
HTK+Alcar-4h vs. HTK+Alcar-24h group; post-hoc paired comparisons after Kruskal-Wallis test.

GRADE 0 GRADE 1 GRADE 2
HTK-4h 18,3 % 68,3 % 13,3 %
HTK+ALCAR-4h 70 % 25% 5%
HTK-24h 0% 23,3% 76,7 %
HTK+ALCAR-24h 233 % 36,7 % 40%

TUNEL results

When TUNEL positive cell numbers were evaluated statistically, there was no
significant difference between the HTK-4h and the HTK+Alcar-4h groups
(p=0.166), but there was a statistically significant difference between the other
groups. In the HTK+Alcar-24h group, TUNEL positive cell number decreased

Table 2. Descriptive data of TUNEL and immunohistochemical results for all the groups

significantly compared to the in HTK-24h group (p=0.013). In addition, the HTK-
24h group showed a statistically significant increase compared to the HTK-4h
group (p<0.001) and also the HTK+Alcar-24h group showed a statistically
significant increase compared to the HTK+Alcar-4h group (p<0.001) (Table 2;
Figure 2,3).

HTK-4h HTK+Alcar-4h HTK-24h HTK+Alcar-24h
Mean+SD 9,92+4,05 7,17+2,63 39,72+14,65 24,28+8,51
TUNEL Median 10,50 7,00 42,00 24,00
(number of cells)
Min-Max 1-18 2-13 10-75 9-45
Mean+SD 11,5+3,99 5,79+3,52 22,6416,45 12,64+4,62
OPN
(%) Median 10,75 5,07 23,07 12,24
Min-Max 5,18-25,47 1,23-15,36 9,34-42,58 4,51-24,17
Mean+SD 9,6543,78 4,86+2,52 13,04+4,33 8,61+2,95
BCL-2 .
Median 9,31 4,35 12,51 8,04
(%)
Min-Max 2,74-19,24 1,69-12,17 5,36-24,35 4,54-15,66
SD: Standart Deviation; Min: Minimum; Max: Maximum
*
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Figure 2. The number of TUNEL positive cells for all the groups; *p<0,05
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Figure 3. Apoptotic findings of all the groups, (a) HTK-4h; (b) HTK+Alcar-4h; (c) HTK-24h; (d) HTK+Alcar-24h (DAB, Haematoxylin)

Immunohistochemical results

Bcl-2 results

In the HTK-4h group, moderate Bcl-2 immunoreactivity was observed in the
proximal tubules, whereas in the HTK+Alcar-4h group, moderate
immunreactivite was observed in the few number of proximal tubules and mild
immunreactivity was observed in the few number of distal tubule. In the HTK-
24h group, moderate Bcl-2 immunreactivity was observed in tubular cells,
however in the HTK+Alcar-24h group, mild immunreactivity were observed in the
proximal tubule and mild immunreactivity in the distal tubule cells (Figure 5).

When Bcl2 immunpositivity rates were evaluated statistically, there was a
statistically significant difference between all groups. In the HTK+Alcar-4h group,
Bcl2 immunpositivity rates decreased significantly compared to the in HTK-4h
group (p<0.001). In the HTK+Alcar-24h group, Bcl2 immunpositivity rates
decreased significantly compared to the in HTK-24h group (p<0.001). In addition,
the HTK-24h group showed a statistically significant increase compared to the
HTK-4h group (p=0.002) and also the HTK+Alcar-24h group showed a statistically
significant increase compared to the HTK+Alcar-4h group (p<0.001) (Table 2;
Figure 4).
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Figure 4. The percentage of Bcl-2 immunpositivity in each group; *p<0,05.
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HTK-4h HTK+Alcar-4h HTK-24h HTK+Alcar-24h

Figure 5. Bcl-2 immunohistochemical findings of all the groups (a) HTK-4h; (b) HTK+Alcar-4h; (c) HTK-24h; (d) HTK+Alcar-24h (DAB, Haematoxylin)

OPN results

In the HTK-4h group, immunoreactivity was observed in the cytoplasmic
granules in the proximal and mostly distal tubules, whereas in the HTK+Alcar-4h
group, less intensity immunoreaction was observed in the proximal and distal

tubules. In the HTK-24h group, all of the proximal distal tubules in the cortex
showed strong immunoreactivity. In the HTK+Alcar-24h group, less density
granular involvement was observed in the apical cytoplasm in the proximal and (\]
mostly distal tubules (Figure 7). @



Original Investigation / Ozgiin Arastirma

GMJ 2020; 31: 622- 629
Saribas et al.

When OPN immunpositivity rates were evaluated statistically, there was a
statistically significant difference between all groups. In the HTK+Alcar-4h group,
OPN immunpositivity rates decreased significantly compared to the in HTK-4h
group (p<0.001). In the HTK+Alcar-24h group, Bcl2 immunpositivity rates
decreased significantly compared to the in HTK-24h group (p<0.001). In addition,

the HTK-24h group showed a statistically significant increase compared to the
HTK-4h group (p<0.001) and also the HTK+Alcar-24h group showed a statistically
significant increase compared to the HTK+Alcar-4h group (p<0.001) (Table 2;
Figure 6).
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Figure 7. OPN immunohistochemical findings of all the groups (a) HTK-4h; (b) HTK+Alcar-4h; (c) HTK-24h; (d) HTK+Alcar-24h (DAB, Haematoxylin)

DISCUSSION

There are many different transport solutions available for use on the market
during organ transplantation (9, 10). These solutions has different structure and
content, however the purpose of all is to prevent cell swelling, weakening of
energy metabolism, acidosis and accumulation of reactive oxygen precursors (6,
7). One of these solutions HTK is a buffer solution with a high histidine
concentration. The first experimental studies on the renal preservation of HTK
started in 1978. It was started to be used in heart transplantation in 1985 and it
has been shown that it has a good protective effect in lung and liver
transplantations in the following years (5, 11-14). Damage due to hypoxia and
hypothermia can be prevented by means of organ transport solutions and simple
cold storage-continuous hypothermic perfusion techniques (5). However, most
of the damage to the transplanted organ is observed during re-perfusion of the
organ's blood supply. With the reperfusion, free radicals, cytokines and nitric
oxide are released, and the oxygen content in the tissue falls below the level that
will allow the xanthine oxidase to be metabolized to xanthine and hypoxanthine,
in addition to the decrease in the formation of antioxidant enzymes (15). A
method of completely eliminating reperfusion damage was not found. This
requires more work. One of the methods that reduce the harmful effects of free
radicals are antioxidants. For this reason, the addition of antioxidant agent
supplements to transport solutions is gaining importance. Acetyl-L-carnitine
which is used in this study has been shown that it prevents free radical
production, protects against degradation of B-oxidant fatty acid in mitochondria,
prevents platelet activation, maintains cell membrane integrity and causes
vasodilatation (16).

The beneficial effects of carnitine on ischemia-reperfusion injury in many organs
such as heart, testes, brain, and intestine have been documented in animal
models (17-21). In our study; We investigated the potential positive effects of
Alcar which is a strong antioxidant added to HTK solution on the kidneys kept in
different cold storage periods and we investigated the possible protective effects
of Alcar. Similarly, Dolinska et al. (22) investigated the effect of selected
antioxidants in 2006 on kinetic changes in HTK solution. As a result, vitamin C is
a powerful antioxidant, added to the HTK solution at 5 ° C, observed that the
solution can keep the solution stable for a long time. Vitamin C by acting like a
hydrophilic antioxidant, it protects the aqueous environment around the cell,
can prevent oxidative damage in the tissue DNA, and similar to the study we have
done, the strong antioxidants added to the protective solutions can prevent the
reperfusion injury that may occur in the tissue. Caban et al. (23) in their study in
2010, biochemically demonstrated the prevention of modified HTK solution
against ischemic injury on swine kidneys by adding prolactin. They observed that
during 24 hours of cold ischemia, 0.02 mg/d| of prolactin-containing solution had
a cell-protective effect on perfused kidney tissue. In a study performed by Ugurlu
et al. (24), uterine tissues were stored in Alcar-added HTK solution for short and
long term. The researchers said that this storage solution minimizes ischemic
damage.

In this study, when tubular and glomerular damage were evaluated
histomorphological, the first and second groups were similar, but the third group
had significant tubular damage.
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In the histological findings of our study, diffuse glomerular sclerosis in a small
number of glomeruli, dilatation in a small number of tubules, and dilatation in a
small number of veins were observed in the HTK-4h group. In the HTK+Alcar-4h,
all elements of renal tissue were observed in normal histological structure.
Dilatation in the vessels, dilatation in the tubules, diffuse glomerular sclerosis,
and atypical dilatation in the tubule epithelial cells, cellular debris in the tubule
lumen, peripheral localization in the glomeruli and mononuclear cell infiltration
in the intersitium were observed in the HTK-24h group. In the HTK+Alcar-24h
group, showed diffuse glomerular sclerosis in some glomeruli and dilatation in
vessels, however dilatation and mononuclear cell infiltration was not observed
in the tubules.

Apoptosis is a form of genetically controlled cell death in both normal
physiological processes and in toxic damage and/or disease states. Renal tubular
epithelial cells are the primary targets for apoptotic cell death after ischemic or
toxic damage (25). When the Bcl-2 results were evaluated, moderate
immunoreactivity was observed in the HTK-4h group whereas mild
immunreactivite was observed in the HTK + Alcar-4h group. In the HTK-24h
group, moderate Bcl-2 immunreactivity was observed, however mild
immunreactivity were observed in the HTK+Alcar-24h group. When the Bcl-2
results were evaluated, in acetyl-L-carnitine groups no intensive expression of
Bcl 2 so it can prevents the activation of anti-apoptotic mechanisms. When we
confirm Bcl-2 results with TUNEL methods, tubular damage in group 4 was less
than group 3. Also, in group 4, TUNEL positive cell number decreased significantly
compared to the in group 3. In addition, the group 3 showed a statistically
significant increase compared to the 1st group. There was also no statistically
significant difference between the apoptotic cell numbers of group 1 and group
2. As a result of Bcl-2 and TUNEL findings, we think that acetyl-I-carnitine
prevents the activation of anti-apoptotic mechanisms for a long-term survival
and protect toxic damage. Ischemia/reperfusion injury remains unresolved
problem in clinical organ transplantation. Likewise, Czigany et al. (26) in their
study in 2018, flushed livers and stored in HTK-solution in cold storage for 8 hours
before transplantation. In the study, RIC was applied to the recipient before
hepatectomy or after reperfusion. RIC groups showed that reduced tissue injury
according to results of histopathological evaluation and reduced TUNEL-staining.
These results suggest that RIC might confer potent protection against the
detrimental effects of ischemia/reperfusion injury including tissue damage and
apoptosis.

OPN is an extracellular matrix cell adhesion phosphoglycoprotein and
generally produced by osteoblasts and also produced by brain and kidney. It is a
secreted phosphoprotein that is constitutively expressed in the normal kidney
and is induced by various experimental and pathologic conditions during
inflammation, cancer, and various other conditions. Increased production due to
some renoprotective actions in kidney damage, such as increasing tolerance to
acute ischemia, reducing cell apoptosis, and participating in cell regeneration
(27-30). In our study, when the OPN results were evaluated, moderate
immunoreactivity was observed in the HTK-4h group whereas mild
immunreactivite was observed in the HTK + Alcar-4h group. In the HTK-24h
group, strong OPN immunreactivity was observed, however moderate
immunreactivity were observed in the HTK+Alcar-24h group. These findings have
shown that acetyl-1carnitine is protective against ischemic damage.

In conclusion, in short and long term HTK+Alcar groups, acetyl-L-carnitine
prevented the antiapoptotic mechanisms to be activated and the intense
expression of Bcl-2 has not occurred. In short- and long-term HTK groups,
osteopontin showed more immunopositive result, as a marker of tissue damage.
It was determined that the modified HTK solution prevented the increase of the
activation of the expected oxidant mechanisms resulting in ischemia. This
contribution of acetyl-L-carnitine was also found in long-term group findings. It
has been determined that acetyl-L-carnitine added to the HTK solution used for
organ transplantation has a protective effect against ischemia-reperfusion
damage in the kidney during the 24-hour at long cold period.

Conflict of interest
No conflict of interest was declared by the authors.

Acknowledgement
This work was supported by Scientific Researches Project Unit at Gazi University
[grant number 01/2011-90

REFERENCES

1.Fageeh W, Raffa H, Jabbad H, Marzouki A. Transplantation of the human
uterus. International journal of gynecology & obstetrics 2002;76(3):245-51.
2.Wranning C, El-Akouri R, Groth K, Mélne J, Parra A, Brannstrom M. Rejection
of the transplanted uterus is suppressed by cyclosporine A in a semi-allogeneic
mouse model. Human Reproduction 2006;22(2):372-9.

3.Anaya-Prado R, Delgado-Vazquez JA. Scientific basis of organ preservation.
Current opinion in organ transplantation 2008;13(2):129-34.

4.Wahlberg JA, Southard JH, Belzer FO. Development of a cold storage solution
for pancreas preservation. Cryobiology 1986;23(6):477-82.

5.Tan M, Sun X, Guo L, Su C, Sun X, Xu Z. Hydrogen as additive of HTK solution
fortifies myocardial preservation in grafts with prolonged cold ischemia.
International journal of cardiology 2013;167(2):383-90.

6.Guibert EE, Petrenko AY, Balaban CL, Somov AY, Rodriguez JV, Fuller BJ. Organ
preservation: current concepts and new strategies for the next decade.
Transfusion Medicine and Hemotherapy 2011;38(2):125-42.

7.Chen F, Nakamura T, Wada H. Development of new organ preservation
solutions in Kyoto University. Yonsei medical journal 2004;45(6):1107-14.
8.Janssen H, Janfen PH, Broelsch CE. Celsior solution compared with University
of Wisconsin solution (UW) and histidine—tryptophan—ketoglutarate solution
(HTK) in the protection of human hepatocytes against ischemia—reperfusion
injury. Transplant international 2003;16(7):515-22.

9.Szilagyi AL, Matrai P, Hegyi P, Tuboly E, Pécz D, Garami A, et al. Compared
efficacy of preservation solutions on the outcome of liver transplantation: Meta-
analysis. World journal of gastroenterology 2018;24(16):1812.

10.Demmy TL, Biddle JS, Bennett LE, Walls JT, Schmaltz RA, Curtis JJ. Organ
preservation solutions in heart transplantation-patterns of usage and related
survivall. Transplantation 1997;63(2):262-9.

11.Edelman JJB, Seco M, Dunne B, Matzelle SJ, Murphy M, Joshi P, et al. Custodiol
for myocardial protection and preservation: a systematic review. Annals of
cardiothoracic surgery 2013;2(6):717.

12.0zkisacik S. Yazici M, Giirsoy H, Serter M, Culhaci N. Does Dexpantenol Protect
the Kidney from Ischemia-Reperfusion Injury 2011:146-9.

13.Salahudeen AK. Cold ischemic injury of transplanted kidneys: new insights
from experimental studies. American Journal of Physiology-Renal Physiology
2004;287(2):F181-F7.

14.Worku D, Laluf S, McGee J, Goswami M, VanMeter K, Slakey DP. P-selectin
expression in cold preserved kidneys in University of Wisconsin and histidine-
tryptophan-ketoglutarate  solutions.  Journal of  Surgical Research
2011;169(1):125-31.

15.Sener G, BC Y. iskemi reperfiizyon hasari. Klinik Gelisim Derg 2009;22(3):5-14.
16.Kalaiselvi T, Panneerselvam C. Effect of L-carnitine on the status of lipid
peroxidation and antioxidants in aging rats. The Journal of Nutritional
Biochemistry 1998;9(10):575-81.

17.Packer L, Valenza M, Serbinova Eaa, Starke-Reed P, Frost K, Kagan V. Free
radical scavenging is involved in the protective effect of L-propionyl-carnitine
against ischemia-reperfusion injury of the heart. Archives of biochemistry and
biophysics 1991;288(2):533-7.

18.Vanella A, Russo A, Acquaviva R, Campisi A, Di Giacomo C, Sorrenti V, et al. L-
propionyl-carnitine as superoxide scavenger, antioxidant, and DNA cleavage
protector. Cell biology and toxicology 2000;16(2):99-104.

19.Dokmeci D, Inan M, Basaran UN, Yalcin O, Aydogdu N, Turan FN, et al.
Protective effect of L-carnitine on testicular ischaemia—reperfusion injury in rats.
Cell Biochemistry and Function: Cellular biochemistry and its modulation by
active agents or disease 2007;25(6):611-8.

20.0nem G, Aral E, Enli Y, Oguz EO, Coskun E, Aybek H, et al. Neuroprotective
effects of L-carnitine and vitamin E alone or in combination against ischemia-
reperfusion injury in rats. Journal of Surgical Research 2006;131(1):124-30.
21.Yuan Y, Guo H, Zhang Y, Zhou D, Gan P, Liang DM, et al. Protective effects of
L-carnitine on intestinal ischemia/reperfusion injury in a rat model. Journal of
clinical medicine research 2011;3(2):78.

22.Doliriska B, Ryszka F, Ostrdzka-Cieslik A. The effect of selected antioxidants on
the kinetics of changes in the stability of an HTK solution: a technical note. AAPS
PharmSciTech 2006;7(2):E144-E7.

23.Caban A, Doliriska B, Oczkowicz G, Budziriski G, Ostrézka-Cieslik A, Krzysztofik
M, et al. The effect of HTK solution modification by addition of prolactin on
biochemical indices reflecting ischaemic damage to porcine kidney.
Transplantation proceedings: Elsevier; 2010. p. 3981-3.

o
)



Original Investigation / Ozgiin Arastirma

GMJ 2020; 31: 622- 629
Saribas et al.

24.Ugurlu T, Ozogul C, Saribas GS, Gurgen SG, Akyol SN, Kartal B. The effect of
antioxidants on angiogenesis in uterine transplantation. Journal of Obstetrics
and Gynaecology 2018;38(3):382-7.

25.Yang CW, Faulkner GR, Wahba IM, Christianson TA, Bagby GC, Jin DC, et al.
Expression of apoptosis-related genes in chronic cyclosporine nephrotoxicity in
mice. American Journal of Transplantation 2002;2(5):391-9.

26.Czigany Z, Bleilevens C, Beckers C, Stoppe C, Mohring M, Fllop A, et al. Limb
remote ischemic conditioning of the recipient protects the liver in a rat model of
arterialized orthotopic liver transplantation. PloS one 2018;13(4):e0195507.
27.Rangaswami H, Bulbule A, Kundu GC. Nuclear factor-inducing kinase plays a
crucial role in osteopontin-induced MAPK/IkBa kinase-dependent nuclear factor
kB-mediated promatrix metalloproteinase-9 activation. Journal of Biological
Chemistry 2004;279(37):38921-35.

28.Nicholas SB, Liu J, Kim J, Ren Y, Collins AR, Nguyen L, et al. Critical role for
osteopontin in diabetic nephropathy. Kidney international 2010;77(7):588-600.
29.Cha JH, Ahn YH, Lim SW, Kim YH, Han KH, Jung JY, et al. Decreased osteopontin
expression in the rat kidney on a sodium deficient diet. Yonsei medical journal
2000;41(1):128-35.

30.Esmaeilzadeh M, Fonouni H, Golriz M, Majlesara A, Kuttymuratov G,
Bergmann F, et al. Evaluation of the modified HTK solution in pancreas
transplantation—An  experimental model. Asian journal of surgery
2016;39(2):66-73.

629



