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Ischemia-reperfusion injury in kidney transplantation from non-
-heart-beating donor — do antioxidants or antiinflammatory

drugs play any role?
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Abstract: Background: Ischemia reperfusion injury (IRI) is a serious problem of transplanted kidneys from a
non-heart-beating donor (NHBD). IRI is probably the main cause of primary disfunction or delayed graft func-
tion. The aim of this study was to demonstrate the reduction of IRI by intravenous application of antioxidants
or immunosuppressives to the recipient before the kidney transplantation in an experimental model.
Method: Piglets weighing between 20-25 kg were used (n=45) for the experiment. Intravenous application of
multivitamins (Gl) and a combination of immunosuppressives (Gll) was tested one hour before the kidney
transplantation from the NHBD. In control group (Glll) simple NHBD modelling was used. Plasma levels of
malondiadehyde (MDA) and reduced glutathione (GSH) were assessed at intervals of 0, 20, 60 and 120 min-
utes after the kidney transplantation. Concentrations of both MDA and GSH were also assessed in the trans-
planted kidney before and 120 minutes after transplantation.

Results: A permanent increase in MDA plasma concentrations occurred in Glll. In Gl and GlI, after a transient
increase in MDA plasma levels within the first 20 minutes after reperfusion, it decreased permanently (p<0.05,
p<0.01). MDA plasma levels were not significantly different between Gl and GII groups, but both groups dif-
fered from Glll (p<0.001). GSH plasma levels and tissue concentrations of MDA and GSH were not statistically
significant in any group in the course of the experiment.

Conclusion: Intravenous application of multivitamins or immunosuppressives before kidney transplantation could
have a significant influence on the immediate function of transplanted kidneys from a NHBD (Tab. 3, Fig. 1, Ref. 13).
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Ischemia reperfusion injury (IRI) is a very important factor
that participates in the immediate and long-term function of trans-
planted kidneys from a non-heart-beating donor (NHBD). The
more intensive the development of IRI after transplantation, the
higher the probability of acute rejection of the graft, which is
connected with the development of chronic rejection of the trans-
planted kidney. Kidneys procured from NHBD are burdened by
long warm ischemia time and a significant development of IRI.
This results in high incidence of primary non-function (PNF) or
a delayed graft function (DGF) of the transplanted kidneys. It is
generally known that kidneys with DGF have higher incidence
of acute rejection and worse long-term results when compared
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to normally functioning kidneys immediately after transplanta-
tion. In our previous experimental studies (1, 2) we demonstrated
a close connection between IRI development and the production
of reactive oxygen species (ROS) and inflammatory cytokines
in the kidneys retrieved from NHBD immediately after their trans-
plantation.

Antioxidants and immunosuppressives can considerably in-
fluence the severity of IRI by reducing the inflammatory response
immediately after reperfusion of the transplanted kidney from
the NHBD, and can thus hypothetically improve its immediate
and long-term function.

We hypothesized that the application of agents with antioxi-
dant and anti-inflammatory effects would have an influence the
on the severity of IRI. To test this hypothesis, we examined the
effect of intravenous application of multivitamins and myco-
phenolate mofetil plus tacrolimus to the recipient one hour be-
fore kidney transplantation.

Material and method

Male Landrace pigs (n=45) weighing between 20 to 25 kg,
were used for this experimental study. All procedures complied
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with the Guidelines of the European Community Committee on
the Care and Use of Laboratory Animals and Good Laboratory
Practice.

The animals were divided into three groups. Multivitamins -
retinoli palmitas, thiamini hydrochloridum, riboflavini natrii
phosphas dihydricus, nicotinamidum, dexpanthenolum, pyri-
doxini hydrochloridum, acidum ascorbicum, tocoferoli alfa
acetas, tocoferolum alfa racemicum (Multibionta N, Merck KGaA,
Darmstadt, Germany) were given intravenously (2 ml/min) in a
dose of 10 ml in 100 ml of physiological solution per animal
immediately after left kidney retrieval — group I (n=15). Imme-
diately after the left kidney retrieval, the GII group (n=15) was
given a continuous 60-minute intravenous infusion composed of
mycophenolate mofetil (MMF, CellCept, Roche, Basel, Switzer-
land), in a dose of 20 mg/kg of the animal’s weight together with
tacrolimus (Prograf, Astellas Pharma, Prague, Czech Republic),
0.1 mg/kg, and hydrocortisone (Hydrocortisone Valeant, Valeant
Czech Pharma, Prague, Czech Republic) in a dose of 3 mg/kg.
GIII (n=15) served as a control group with NHBD simulation
only. The immunosuppressive combination was chosen accord-
ing to our clinical protocol of immunosuppression in patients
after kidney transplantation from NHBD.

The quality of kidney procurement was evaluated by light
and electron microscopy. The degree of kidney glomerular dam-
age, tubular epithelium damage and interstitial inflammation was
determined using the three-grade scale. The method of histo-
logical evaluation was described in our previous study (3). Kid-
neys in which one of the two scales overlapped the Stage 2 were
eliminated from the study because of improper procurement,
which could have influenced the graft perfusion after transplan-
tation. At the end of our study, we thus evaluated 41 kidneys (GI
— 14, GII - 14, GIII - 13).

The whole experiment was performed under general anaes-
thesia with regulated ventilation. The animals were premedicated
intramuscularly with a combination of azaperone (5—6 mg/kg)
and atropine (0.075 mg/animal). A peripheral venous catheter
was inserted through the auricular vein and a central venous cath-
eter through the jugular internal vein. During the introduction of
total anaesthesia, before the tracheal intubation, thiopental in dose
of 7.5—-10 mg/kg was administered intravenously. After the tra-
cheal intubation, the animals were ventilated by a combination
of conventional regulated PCV ventilation with an average set-
ting as follows: T=0.8 s, in P=16 cmH,0, BR=28/min, PEEP=5
cmH, 0, FiO,=0.3u. During the procedure, the animals were an-
aesthetized by an intravenous application of ketaminum (Calypsol)
with an average dose of 0.2 mg/kg and pancurionium bromide at
a dose of 0.1 mg/kg. A volume expander with a starch base was
applied intravenously (10 % HES), as well as Ringer lactate 1/1
at a 1:1 ratio with a speed of 50=80 ml/hour. Inotropic support
was given by an intravenous application of dopamine at an aver-
age dose of 2—-3 ug/kg/min.

NHBD simulation was performed after midline laparotomy
by clamping the hilum of the left kidney with a vascular clamp
for 45 minutes. 4 minutes before applying the vascular clamp
we administered intravenously 100 units of heparin/kg of animal’s
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Fig. 1. Plasma levels of MDA (umol/l) and GSH (nmol/l) in pigs dur-
ing the experiment (mean = SD; NS — non significant).

weight. After 45 minutes of left kidney hilum clamping, the left
kidney was removed, washed by 200 ml of Histidine-Tryptophan-
Ketoglutarate solution (Custodiol, HTK, Dr. Franz Kohler Che-
mie, GmbH,Germany). A wedge-shaped biopsy was taken from
the upper pole of the kidney and subjected to evaluation of
malondialdehyde (MDA) and reduced glutathione (GSH) cortex
and medulla tissue levels. Tissue samples for biochemical analysis
were frozen immediately and stored at a temperature of -80 °C.
The left kidney was autotransplanted after 60-minute adminis-
tration of intravenous medicaments (GI, GII). Heterotopic au-
totransplantation was performed via previous laparotomy. End-
to-side aortic and inferior vena cava anastomoses were performed
just above the iliac bifurcation. The ureter was inserted via the
lower pole of laparotomy in a plastic bag. Venous blood was
sampled directly from the renal vein at time intervals of 0, 20,
60 and 120 minutes for the assessment of MDA and GSH.

After 120 minutes of kidney reperfusion, a wedge-shaped
biopsy was taken from the upper pole of the kidney and sub-
jected to evaluation of MDA and GSH cortex and medulla tissue
levels and the animals were killed by using an intravenous dose
of 40 ml of 7.5 % potassium chloride.

GSH was determined spectrophotometrically: thiols react
with 4-chlor-1-methyl-7-trifluormethylchinolinium methylsulphate
forming thiothers; under strongly alkaline pH GSH-thiother was
then converted to a colored thione. The result was expressed in
mmol/l erythrocytes. Sodium heparinate was used as an antico-
agulant, measurements were performed on an Olympus AU 400
Analyzer (Olympus, Japan) with reagent kits GSH 400 (OXIS,
Portland, USA).
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Tab. 1. Evolution of MDA (pmol/l) and GSH (mmol/l) plasma levels in GI (n=14), GII (n=14) and GIII (n=13) during 120 minutes of the
experiment (mean £ SD; NS — not significant).

Time MDA GI MDA GII MDA GIII GSH GI GSH GII GSH GIII
(min) (pmol/1) (umol/1) (umol/1) (mmol/l) (mmol/l) (mmol/1)
0 1.34+0.26 1.39+£0.18 1.40+0.22 0.92+0.17 0.86+0.13 0.88+0.24
20 1.41+0.21 1.43+0.21 1.52+0.18 0.90+0.14 0.89+0.16 0.90+0.17
60 1.25+0.19 1.27+0.22 1.64+0.21 0.96+0.23 0.95+0.24 0.89+0.19
120 1.08+0.12 1.12+0.19 1.68+0.14 0.83+0.20 0.97+0.19 0.93+0.16
Kruskal-Wallis p<  0.05 0.01 0.05 NS NS NS

Tab. 2. Mean plasma levels of MDA and GSH in GI (n=14), GII
(n=14) and GIII (n=13) calculated from measured levels of blood
samples in 0, 20, 60 and 120 minutes of experiment.

MDA (pmol/l) GSH (mmol/l)

GI 1.27+0.19 0.90+0.18
GII 1.30+0.20 0.91+0.18
G1II 1.56+0.18 0.90+0.19
ANOVA p<0.01 NS
Wilcoxon p<0.001 NS
Median test p<0.001 NS

MDA was determined photometrically in heparin plasma after
a reaction with thiobarbituric acid as thiobarbituric acid-reactive
substances (TBARS), according to Jentzsch et al. Although this re-
action was not specific for MDA, it was confirmed that most of
TBARS are produced only during the process of lipid peroxidation.

MDA and GSH concentrations in the kidney cortex and me-
dulla were measured after tissue homogenization in a cold physi-
ological saline solution and expressed as nmol (MDA) or umol
(GSH) per gram of protein.

Statistical software STATISTICA 98 was used for statistical
evaluation. The values of individual parameters were expressed
as averages with standard deviations. For statistical processing
of the data, which was intended to determine the over-time dif-
ferences in values of individual parameters in the given groups,
the non-parameter ANOVA test — Kruskal-Wallis test — was used.
The differences in the given figures between groups at individual
times were also evaluated by the Kruskal-Wallis test. p<0.05
was considered statistically significant.

Results

In the control group, there was a continuous increase in MDA
levels during reperfusion, which served as a marker of IRI de-
velopment with ROS production. In GI and GII groups, a tem-
porary increase in MDA plasma levels in the first 20 minutes
after reperfusion was followed by a decrease in their levels in
the course of the experiment, which showed sufficient satura-
tion of the recipient with substances preventing the development
of ROS. In both groups the decrease in MDA on the time scale
was statistically significant (p<0.05, p<0.01, respectively) (Tab. 1).
The difference in MDA plasma levels between GI and GII groups
did not reach any statistical significance while both groups dif-
fered considerably from the control group (p<0.01, p<0.001,
respectively) (Tab. 2). GSH plasma levels were neither statisti-
cally significant during the experiment in any group nor did they
reach any statistically significant differences when compared in
all groups. MDA and GSH tissue levels in the medulla and cor-
tex of the transplanted kidneys before, and two hours after trans-
plantation did not reach any statistical significance (Tab. 3).

Discussion

The worldwide shortage of kidneys for transplantation and
an increasing number of patients with end-stage renal disease
(ESRD) prompt the search for new sources of kidneys suitable
for transplantation. Kidneys retrieved from NHBD are a pos-
sible solution to the problem of increasing the volume of kidney
transplantation. However, kidneys transplanted from NHBD are

Tab. 3. Comparison of MDA and GSH cortex (¢) and medulla (m) concentrations before and two hours after kidney transplantation without

any statistically significant (NS) difference.

Group (min) MDAc (nmol/g) MDAm (nmol/g) GSHc (umol/g) GSHm (umol/g)
I (0 min) 230.4+24.1 406.1+241.2 19.1+£3.2 21.9+10.0

I (120 min) 215.8457.4 341.3£109.2 20.4+8.5 24.6+9.1

IT (0 min) 260.2+31.2 340.4+192.3 15.4+6.1 18.7+12.3

IT (120 min) 223.54+47.2 271.9+153.4 16.2+9.2 20.5+9.1

11T (0 min) 215.8423.9 472.3+189.1 19.5£2.6 22.2+6.4

IIT (120 min) 346.1+£236.8 546.8+390.4 24.1+£10.2 24.1+8.3
ANOVA, NS NS NS NS

Wilcoxon,

Median test
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still burdened with high DGF (60—70 %) and PNF (5—8 % ) rate
in comparison to kidneys transplanted from heart-beating do-
nors (4, 5, 6). Probably the main problem of NHBD kidney dys-
function after transplantation is the extent of warm ischemia time,
which determines the intensity of IRI.

IRI is one of the principal “antigen-independent” factors of
post-transplant graft dysfunction. In addition, patients with
ESRD, especially those on haemodialysis, suffer from oxidative
stress owing to overproduction of ROS. During IRI after renal
transplantation from NHBD, the patients are burdened with an-
other load of ROS, which mediate the cell membrane damage
through lipid peroxidation, direct oxidation of membrane pro-
teins and the activation of endothelial cells. This results in func-
tional and structural cell damage (7, 8, 9). IRI can have also a
remote effect on other organs, e.g. liver, where it can lead to
various pathophysiological changes (10). The clinical effect of
this phenomenon will however require further studies.

Our recent study follows our previous experimental studies
in the area of kidney transplantation from NHBD (11, 12). The
problem of our previous studies was the length of WIT, which
was only 30 minutes. This period however simulates the mini-
mum of cardiopulmonal resuscitation (CPR) time in NHBD (13,
14), which is in fact longer for various reasons (length of cardiac
arrest to CPR, length of CPR and “non-touch” period).

The present experimental study was therefore designed to
imitate the true ischemic time of kidneys in a clinical situation
during their procurement from NHBD. Therefore, we performed
a 45-minute WIT of the left kidney by vascular clamp applica-
tion on the left kidney hilus. We tested the simple saturation of a
recipient by a complex of antioxidative (multivitamins) and an-
tiinflammatory medicaments (immunosuppressives) which play
an important role in protection from IRI. To exclude various an-
tigenic factors during allotransplantation, we used our own ex-
perimental autotransplantation model, where one animal was si-
multaneously both donor and recipient.

Administration of antioxidants or immunosuppressives to the
donor one hour before kidney transplantation led to a significant
decrease in MDA plasma levels after 20 minutes of graft reper-
fusion. There were no differences in the levels of principal intra-
cellular antioxidant — GSH and lipid peroxidation product of
MDA in the graft tissue between the groups of animals. Tissue
levels of GSH and MDA also did not differ between the groups
of animals before and 120 minutes after the transplantation of
kidneys. This phenomenon probably depends on the insufficiency
in tissue saturation by ROS scavengers or immunosuppressives,
owing to the relatively short interval of their intravenous appli-
cation. This time interval, however, was effective in diminishing
the effect of IRI in the experimental model of transplanted kid-
ney from NHBD.

We can conclude that the intravenous application of drugs
with antioxidative or antiinflammatory effects to the recipient
one hour before kidney transplantation can have a significant
influence on the immediate function of transplanted kidneys from
NHBD.
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