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Abstract: Melatonin is a potent free radical scavenger of reactive oxygen species, nitric oxide synthase inhibitor and
a well-known antioxidant secreted from pineal gland. This hormone has been reported to protect tissue from oxida-
tive damage. In this study, we aim to investigate the effect of melatonin on kidney cold ischemia time when added to
preservation solution. Thirty male Wistar albino rats were divided equally into three groups; Ringer Lactate (RL) so-
lution, University of Wisconsin (UW) solution with and without melatonin. The serum Lactate Dehydrogenase (LDH)
activities of the preservation solutions at 279, 24™", 36", and 48" hours were determined. Tissue malondialdehyde
(MDA) levels were also measured and a histological examination was performed at 48" hour. Melatonin that added
to preservation solution prevented enzyme elevation and decreased lipid peroxidation in preservation solution when
compared to the control group (p<0.05). The histological examination revealed that UW solution containing melato-
nin significantly prevented the kidney from pathological injury (p<0.05). Melatonin added to preservation solutions
such as UW solution seemed to protect the tissue preserved effectively from cold ischemic injury for up to 48 hour.
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Introduction

Oxidative stress is involved in ischemia-reper-
fusion injury and allograft rejection after trans-
plantation. To prolong the survival capacity for
transplantation, an important preservation
strategy is hypothermia and pharmacological
inhibition to slow the metabolic processes in
the ischemic/anoxic organ [1]. Simple hypother-
mic organ preservation is an uncomplicated,
cost-effective procedure that can be used for
almost all solid organs [1]. During hypothermic
ischemia, UW solution minimizes cell swelling,
prevents acidosis, averts interstitial edema,
captures oxygen radicals, and supplies the
organ with precursors for energy metabolism
[1]. Altering the content of preservation solu-
tions is the most commonly applied strategy in
the development of new solutions.

Melatonin (N-acetyl-5-methoxytryptamine) is a
highly lipophilic molecule secreted from the
pineal gland, retina, and digestive tract. The
highest melatonin concentration is found in the
hepatobiliary system [2-4].

Melatonin given in combination with a variety of
antioxidants acts synergistically to suppress
the formation of free radicals [5]. In addition to
its direct free radical scavenging action, mela-
tonin may prevent tissue damage by acting
cooperatively with other antioxidants and also
induce heath shock protein synthesis [6-8].
Gunal et al found that melatonin alleviate cold
preservation injury of the liver [9]. But we do not
know whether it preserve the kidney from cold
preservation. For this reason in this study we
have studied a potent antioxidant melatonin as
an adjunct to UW solution to investigate the pro-
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tective effect for the kidney from cold preserva-
tion injury.

Materials and methods

This study was performed at the Physiology
Laboratory, Duzce Medical Faculty of Abant
izzet Baysal University, Diizce, Turkey. Experi-
ments were performed according to the proto-
col of Animal Care and Experimental Research
Labarotory of DUzce Medical Faculty of Abant
izzet Baysal University. The principles of labora-
tory animals care of Helsinky declaration were
strictly followed.

Thirty male Wistar albino rats weighing 300-
350 grams were divided into 3 groups equally.
The group 1 (Group-RL, control group), in which
kidneys were perfused with RL; the group 2
(Group-UW), in which kidneys were perfused
with UW preservation solution; and the latter
group 3 (Group-UW+M), in which kidneys were
perfused with UW preservation solution con-
taining melatonin.

All animals were fed with standard rat chow and
water ad libitum at 25°C. Food was withheld
overnight before surgery.

Anesthesia and surgery

The rats were anesthetized with intraperitoneal
ketamine (Ketalar-50 mg/kg-Eczacibasi, Istan-
bul, Turkey). The abdominal cavity was opened
via a midline abdominal incision. The abdomi-
nal aorta, inferior vena cava (IVC), left and right
renal vessels were dissected. The aorta was
suspended with a 4/0 silk thread and cannu-
lated with 23-gauge polyethylene tube cathe-
ter. Two milliliters of physiological saline was
infused through the abdominal aorta before
blood sampling from the suprahepatic inferior
vena cava in order to rehydrate the subject. The
IVC was catheterized above the renal veins
level to enable the exanguination of blood and
perfusion solution.

The kidneys were perfused with the preserva-
tion solutions through the aortic cannula con-
tinuously at 70 cm H,0 pressure until the both
kidneys paled and the output from the IVC can-
nula was as clear as the perfusate. Finally,
bilateral nephrectomy was performed. The rats
were sacrified after the surgical procedures by
decapitation.
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The graft was weightened and put in a contain-
er filled with 40 mL of preservation solution.
Melatonin was added to the preservation solu-
tions at a concentration of 30 mg/L at Group 3.
All the graft tissues were immersed and pre-
served in preservation solution immediately
after harvesting. The grafts were kept in sterile
plastic containers at 4°C in a refrigerator. One
milliliter of a mixed sample of preservation fluid
was taken from the container for enzyme mea-
surements at 2", 24" 36", and 48™ hours.

Biochemical measurements

The LDH activities in the serum and preserva-
tion solutions were determined by standard
clinical biochemistry methods using an Olym-
pus AU 640 autoanalyzer (Olympus, Tokyo,
Japan). Tissue MDA levels were measured at
48" hour using the method described by
Uchiyama et al [10].

Histopathological evaluation

Kidney injury was analyzed and reviewed by a
pathologist who did not know which preserva-
tion solutions used. Samples were fixed and
embedded in hematoxylin-eosin (H&E) stained
paraffin sections for examination under light
microscopy. Samples are also examined for cel-
lular ultrastructure under an electron micro-
scope (JEOL, Tokyo, Japan).

Light microscopic sections were examined for
vacuolization, denuded basement membrane,
necrosis, tubular dilatation, and cell detach-
ment. Electron-microscopic sections were exa-
mined for mitochondria and tubular cell brush
border integrity and interstitial and cell edema.
Nine basic morphological patterns (apical cyto-
plasm vacuolization, tubular necrosis, denuded
basement membrane, tubular dilatation, cell
detachment, intracellular edema, interstitial
edema, brush border integrity, mitochondria
integrity) were graded on a five-point scale as
follows: 1, no abnormality; 2, mild lesions affe-
cting 10% of kidney samples; 3, lesions affect-
ing 25% of kidney samples; 4, lesions affecting
50% of kidney samples; and 5, lesions affect-
ing more than 75% of kidney samples [11].

Statistical analysis

The data were expressed as means+SD. The
significance of differences between the three
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Table 1. Serum and preservation solutions LDH activities and MDA level
of RL, UW and UW+M at different hours

Group 1 (RL)

Group 2 (UW)  Group 3 (UW+M)

Serum LDH O hour (IU/L) 324+122 298+61 312+82
LDH 2" hour (IU/L) 82+17%F 56+6" 48+8"
LDH 24* hour (U/L) 4371848 292+59" 264+65"
LDH 36" hour (IU/L) 1323+356%F 581+91" 546+78"
LDH 48" hour (IU/L) 2608+587*F 1447+372" 1200+£322"
MDA (nmol/gr tissue) 24+7%F 14+5" 12+4"

Values are given as means+SD. "Significantly different from group 1; “Significantly different
from group 2; PSignificantly different from group 3 (P<0.05). LDH: Lactate Dehydrogenase,
MDA: Malondialdehyde, RL: Ringer Lactate, UW: University of Wisconsin, M: Melatonin.

Table 2. The median score of the injury parameters for kidney tissue at
48™ hour

Group 1 (RL) Group 2 (UW) Group 3 (UW+M)

Apical cytoplasm vacuolization 3.5%F 1.0" 1.0"
Tubular necrosis 4.5%8 1.5" 1.0"
Denuded basement membrane 3.0%F 1.0” 1.0"
Tubular dilatation 4.0%¢ 1.57 1.0"
Cell detachment 4.0%8 1.5* 1.0"
Intracellular edema 3.0%F 1.5" 1.0”
Interstitial edema 4.5%p 1.0" 1.0”
Brush border integrity 4.0%F 1.5" 1.0"
Mitochondria integrity 3.0%F 1.5” 1.0"

Values are given as medians. “Significantly different from group 1; ®Significantly different
from group 2; PSignificantly different from group 3 (P<0.05).

groups was analyzed through analysis of vari-
ance (ANOVA); if the F value was found to be
significant, differences between means were
then analyzed with the post-ANOVA (Tukey’s)
test.

ence was found (p>
0.05).

The LDH levels of pres-
ervation solutions at
2" and 24" hours of
group 1 was lower than
both group 2 and group
3, and at 36" and 48"
hours afurtherincrease
was observed in group
1 than group 2 and
group 3. It was found
as statisticaly signifi-
cant (p<0.05) (Table 1).

The MDA levels of gro-
up 1 (24+7 nmol/gr tis-
sue) was higher than
group 2 (1445 nmol/gr
tissue) and group 3
(1244 mol/gr tissue)
(Table 1). According to
tissue MDA levels there
is a significant differ-
ences between group 1
with group 2 and group
3 (p=0.005, p=0.005,
respectively).

In the histopathological
evaluation of the sam-

ples; apical cytoplasm vacuolization, tubular
necrosis, denuded basement membrane, tubu-
lar dilatation, cell detachment,
edema, interstitial edema, brush border integ-
rity and mitochondria integrity were all signifi-

intracellular

cantly decreased in groups 2 and 3 than group

Histopathological findings at 48" hour are
given as median values and Kruskal-Wallis and
Mann-Whitney U-tests were used to evaluate
the significance of differences among groups.
Values of p<0.05 were considered as statisti-
cally significant.

(p<0.05) (Table 2).

Dicussion

1. It was also found as statistically significant

Since the beginning of the 1990s, UW solution

has been used in heart, lung, liver, pancreas,

Results

Kidney, and intestinal transplants with great

success. Using UW solution for preservation,

In the present study, the LDH levels in the
serum at O™ hour and preservation solutions of
all groups at 29, 24™ 36" and 48" hours and
tissue MDA levels at 48" hour were measured.

the ischemia tolerance limit has been extended
to 18 hour for liver and 36 hour for kidney [12].

In this present study we use a well-known anti-

oxidant Melatonin that has been reported to

In all groups, before perfusion two milliliters of
blood were taken from IVC to evaluate the
serum LDH levels. Serum LDH levels at O™ hour
were similar for all groups. No significant differ-
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protect tissue from oxidative damage [5, 13].

Li and coworkers found that donor precondi-
tioning with melatonin protected kidney donor
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grafts from ischemia reperfusion induced renal
dysfunction and tubular injury most likely
through its anti-oxidative, anti-apoptotic and
NF-kB inhibitory capacity [14]. We did not per-
form any type of preconditioning. However, mel-
atonin seemed to decrease tissue damage sig-
nificantly beginning at 36" hour of preser-
vation.

The protective effect of melatonin on ischemia
reperfusion induced renal injury is might be
related to its antioxidant properties rather than
induction of proinflammatory cytokines [15]. It
was found that Melatonin and 1400 W were
efficient in ameliorating experimental ischemia-
reperfusion injury of the kidneys [16]. Add-
itionally in rat model melatonin was found to be
effective on liver preservation up to 48 hours
[9].

Fadillioglu et al speculated that melatonin
treatment may prevent liver oxidant stress
induced by distant injury of kidney ischemia
reperfusion [17]. They suggest that melatonin
reduces blood pressure and ischemia reperfu-
sion injury in nitric oxide synthase inhibited rats
by L-arginine methyl ester [18].

Exogenous melatonin is able to preserve renal
functional status following ischemia reperfu-
sion induced injury by increasing glutathione
and reducing lipid peroxidation in the early
reperfusion phase, without any apparent effect
on neutrophil infiltration in the late reperfusion
phase [19].

Kunduzova et al suggests that melatonin may
represent a novel therapeutic approach for pre-
vention of ischemia reperfusion injury [20].

As melatonin administration reversed these
oxidant responses, improved renal function
and microscopic damage, it seems likely that
melatonin protects kidney tissue against oxida-
tive damage [21]. In our study; the histopatho-
logical evaluation of the microscopic injury
scores were all significantly decreased in
groups UW and UW+M from group RL. Melatonin
was also used as an additive to preservative
solutions in graft preservation of liver [22, 23]
and pancreas [24].

Chronic melatonin treatment reduces renal
injury by reducing lipid oxidation and NO pro-
duction in diabetic rats exposed to ischemia
[25]. Melatonin has made a significantly differ-
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ence on MDA. We have found decreased level
of MDA at melatonin added to UW preservation
solution samples.

These results suggest that physiological and
pharmacological melatonin concentrations are
important for the reduction of ischemia reper-
fusion induced damage and melatonin even
when administrated just before reperfusion,
had a protective effect on ischemia reperfusion
injury [26].

Raken together, we conclude that adding mela-
tonin into preservation solutions such as UW,
may prolong the cold storage time up to 48"
hour and contibute to graft preservation
effectively.
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