The effect of antioxidants added to preservation solution on the protection of kidneys before transplantation
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 Background: The maximum storage time for the kidneys prior to transplantation using the static cold storage method is 30 hours. During this
period, damage to the renal tubules may occur as a consequence of cold ischemia and reperfusion. In the cells, biochemical changes and
microcirculation disorders are observed, which can lead to delay graft function. The purpose of the organ perfusion and preservation solutions is
to minimize these processes. The development of a fluid composition that would ensure high protection of grafts during ischemia-reperfusion is
the current direction of research and a challenge. The aim of the analysis was to evaluate the effectiveness of antioxidants as components of

preservation solution in kidney protection based on a literature review.

* Method: Two independent analysts searched the medical databases of Medline/PubMed, Embase, and Cochrane Library between October 5 and
October 10, 2020. The following keywords were used: transplantation, kidney, cold storage, solution preservation, ischemia-reperfusion injury,
additives, antioxidants, trace metals, bioflavonoids. There was no time limit for publication date.
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Strategies based on modifications of preservation solutions

Author, Antioxidant Species Preservation Cutcome measures, Antioxidant Effects of antioxidant
vear of publication solution (intervention, I/ control, C) dose
modification
! cold ischemia
Ostrozka-Cieslikk etal.  Selenium Pig Biclasol I: Biolasol + Se**and PRL = T Decreased level of ALT, AST,
2020 [1] 2h, 48h, C1: Biolasol PRL:0.1 pg/L protein, urea
45C; 5C5 5e** and PEL affects the

integrity of mitochondrial and
cytoplasmic membranes

Treska et al. Selenitm Piglets HTK I HTK +5e 200 ug Decreasad level of MDA

2003 [1] 24h; 43C; 5C5 Cl: HTK Reduced the production of FOR
Higher levals of AOC

Treska et al. Selenium Piglets HTK I HTK +5e 200 ug Decreasad level of MDA

2003 [3] 24h; 47°C; 5C5 Cl:HTK Reduced the productionof FOR
Higher levels of AOC
Decreased the intensity of IES

Singh et al. InNAC MNEK-32E cells W L UW+ ZnNAC 0.3-30 mM Decreased DMNA fragmentation

2013 [4] 24h; 0°C Cl:UW max. effect: 1-10 Decreased the amount of active

mv CASpase-J

Decreasad the expression and
muclear import of EndoG

Ahlenstiel et al. Luteclin LLC-PE1 cells Uw LUW+luteclin 12.5-50 uM Decreased level of LDH

2006 [5] Quercetin 20h; 4°C I: UW+quercetin Reduced of lipid peroxidation

EC Cl1: UW Protection of renal proximal
20h; 4°C I: EC+luteclin =50 tubular
I:EC +quercetin
Cl1:EC

Ostrozka-Cieslik etal.  Vitamin C Pig Biolasol I: Biolasol + Vit.C 0.058gl Decreased level of ALT, AST,

2015 [6] 2h, 48h, 4°C; 35 Cl: Biolasol LDH
Faduced oxidative stress

McAnulty et al. VitaminC  Rabbit kddney Uw L UW+Vit. C 1 mhi Feduced oxidative stress

1997 [7] cortex slices 15h; 5°C Cl1: UW

Demirbag et al. Vitamin E Dog EC LEC+HVit E 30 mM/L Reduced of lipid peroxidation

1993 [8] 24h; 47C Cl1:EC

Abbreviations: ALT: alanine transaminase; A5]: asparate transaminase; PRL: prolacting MDA Malondialdehyde; HTE: histidine-tryptophan-ketoglutarate solution, FOR: free oxygen radicals (onygen superoxids,
hyrdroxyl radical, hydrogen peroxide, and nitric oxide); AQC, anti-oxddation capacity of plasma; IRS5, ischemia-reperfusion syndrome; LLC-PE] cells, a proximal tubular epithelial cell line of pig origing UW: University
of Wisconsing EC, Eure-Collins; LDH, lactate dehydrogenases; ZnNAC, Zinc-IN-acetyloysteine; NEF-52E cells, normal rat tubular epithslial MEE-52E cells; EndoG, endomuclease G

Composition of preservation solutions

Component Blood Uw HTK Biolasol
IC/EX EX IcC EX EX
Electrolytes (mmol/L)
K- ] 125 10 10

Nar 140 30 15 105

Caz 2.5 - 0.015 05

Mg 09-12 5] 4 2

Cl- 103 20 32 105

S04 0.5 5]

Colloids (g/L)

HES - 50 - -
Dextran 70 - - - 07
Albumine 42
Globuline 24

ROS scavengers (mmol/L)
Allopurinol 1
Glutathione 3
Mannitol 30
Tryptophan 2
Buffers immol/L)
Histidine - - 198
HPO.HPOs 1.12-145 2h - -
HCOs rr - - 2
Impermeants (mmol/L)
Lactobionate - 100
Fattinose - 30 - -
Citrate - - - 30
Glucose i - - 167
Additives (mmol/L)
Adenosine 5]
Ketoglutarate 1
EDTA ]
Fumarate - - - 5
PH 74 4 ;2 74
Viscosity (cP) 1.60 5.01 1.658 290
COP (mm Hg) 28 319 1.45 IN/A
366°C) (5°C)  (5°Q)
Osmolality J08 320 310 330
(mOsm/kg H:0)

IC - intracellular, EX - extracellular, HES - hydroxyethyl starch,
COP - colloid osmotic pressure, EDTA - ethvlenediaminetetraacetic acid

Euro-Collins
I

115
10

15

58
10

195

7.3
N/A
N/A

406

Results: The analysis of the literature showed a significant correlation between the use of the preservation solution that composition was
modified by the addition of an antioxidant (vitamin C/E, selenium, zinc, bioflavonoids) and their effectiveness in kidney protection. It is suggested
that antioxidants counteract free radical damage. They protect nephrons against oxidative stress and protect cell membranes against

peroxidative damage.

Conclusion: The antioxidants added to the preservation solution counteract damage to the nephrons that result from the excessive generation of

oxygen free radicals during ischemia-reperfusion.
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