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Abstract

Purpose: Topical hypothermia and local ischemic preconditioning have been shown to reduce
renal ischemia-reperfusion (I/R) injury individually. We examined whether combination of
both strategies lessens renal I/R injury.

Methods: Post right nephrectomy, 40 male Wistar rats were randomly assigned to five
experimental protocols performed in the left kidney: topical hypothermia without ischemia
(TH), warm ischemia (IR), ischemic preconditioning followed by warm ischemia (IPC+IR),
cold ischemia (TH+IR), and ischemic preconditioning followed by cold ischemia (IPC+TH+IR).
Eight randomly assigned right kidneys constituted the control group. After 240 min of
reperfusion, the left kidney was retrieved to evaluate histological changes, lipid peroxidation
and antioxidant enzymes activity. Serum was collected to evaluate urea and creatinine.
Results: IPC+TH+IR group revealed no difference to any other group subjected to ischemia
in relation to histological changes, lipid peroxidation and antioxidant enzymes activity.
Creatinine was lower in IPC+TH+IR group compared with IPC+IR, but showed no difference
compared to TH+IR group.

Conclusions: Combination of local ischemic preconditioning (IPC) and topical hypothermia
conferred no protection in renal I/R injury. Moreover, local IPC solely followed by warm
ischemia impaired renal function more than warm ischemia alone.
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n Introduction

Ischemia-reperfusion  (I/R)  injury
underlies much of the tissue damage that
occurs in stroke and myocardial infarction, two
of the most common clinical I/R syndromes, and
it also plays a part in damage to other organs
following ischemia®. In partial nephrectomies
and renal transplants, the kidney is exposed
to variable periods of warm and cold ischemia.
Cell injury and death follow interruption of the
blood supply to the kidney, and reperfusion
is mandatory to salvage the tissue. However,
despite reperfusion being an integral part of
the healing process, it also contributes to the
exacerbation of tissue injury and a profound
inflammatory response, called ‘reperfusion
injury’l. This entire pathophysiology has been
described as the I/R injury?2.

The kidney is comprised of
heterogeneous cell populations that function
in concert to perform a number of tightly
controlled and complex processes. Ischemia
leads to molecular changes in the vasculature
and interstitium of the kidney, and reperfusion
gives rise to an acute inflammatory response.
Together, these events induce acute kidney
injury, resulting in the disruption of renal
function and a reduction of glomerular
filtration rate3. In kidney transplantation, the
degree of I/R injury determines the speed of
recovery of organ function in the short-term*
and may modulate organ rejection in the long-
term by priming the immune system early after
transplantation®®. Therefore, reduction in I/R
injury has the potential to improve the outcome
of kidney (and other organs) transplantation, in
both the short and long term’.

Strategies to limit clinical I/R injury
have mainly focused on timely reperfusion
and hypothermia®®. Topical hypothermia (TH)
with pulsatile perfusion or single flushing of a
preservation solution has been the mainstay of
kidney storage for transplantation®. However,
the number of transplants that fail each year
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and increasing waiting lists highlight that
new strategies are needed to enhance kidney
tolerance to I/R injury'’. One such strategy is
ischemic preconditioning (IPC).

IPC involves application of a brief
episode of ischemia and reperfusion
(conditioning stimulus), resulting in tissue
tolerance to subsequent I/R injury!?. The
conditioning stimulus has been shown to be
effective when applied either to the target
organ itself (local IPC) or to a remote organ
or tissue (remote IPC)™. Currently, many of
the complex signal-transduction pathways
underlying ischemic preconditioning have
been clarified*. One of the mechanisms seems
to be the reduction of oxidative stress through
an increase in antioxidant enzymes®>?'’.

Given the experimental knowledge
that TH and local IPC are efficient strategies to
reduce renal I/R injury, it would be important
to know if a combination of both strategies
could have synergistic protective effects. We
therefore sought to study the effects of local
IPC combined with TH on renal I/R injury,
particularly on the extent of histological
changes, oxidative stress damage, antioxidant
enzymes activity, and biochemical functional
parameters.

[ Methods

The study was approved by the
Hospital de Clinicas de Porto Alegre (HCPA).
Animals Research Ethics Committee (case 14-
0091) in accordance with the International
Guiding Principles for Biomedical Research
Involving Animals, published by the Council for
International Organizations of Medical Sciences
(CIOMS), as well as with the Brazilian law on
scientific use of animals (Law 11794/2008).

Animals and experimental design

Adult male Wistar rats weighing
between 235 and 405 g (7-11 weeks old) were
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housed in the Animal Experimentation Unit of 4 h reperfusion. Group 3 (IPC+IR, n=8) rats
Hospital de Clinicas de Porto Alegre in groups underwent left kidney IPC, consisting of 15 min
of four in separate cages at room temperature of warm ischemia and 10 min of reperfusion,
(22 £ 2°C) with a 12-hour light/dark cycle followed by warm ischemia for 40 min and
and free access to water and rat chow. In subsequent 4 h reperfusion. Group 4 (TH+IR,
a prospective design, rats were randomly n=8) rats underwent left kidney cold ischemia
allocated to five experimental groups (Figure for 40 min and subsequent 4 h reperfusion.
1). Group 1 (TH, n=8) rats underwent left Group 5 (IPC+TH+IR, n=8) rats underwent left
kidney TH at 4°C for 40 min without ischemia. kidney IPC followed by cold ischemia for 40
This group was designed to appreciate if min and subsequent 4 h reperfusion. Right
deep hypothermia could cause any damage. nephrectomy was performed in all rats before
Group 2 (IR, n=8) rats underwent left kidney any intervention. Eight randomly assigned right
warm ischemia for 40 min and subsequent kidneys constituted the control group (n=8).

Group 1 (TH) [ c | 40 | 240" r |

Group 2 (IR) [ c | 40i | 240’ r |

Group 3 (IPC+IR) [ € [wifo] a0i ] 240'r |

IPC
Group 4 (TH+IR) L c | 40i | 240’ r |
Group 5 (IPC+TH+IR) [ € [ = [0 400 | 240" |

IPC
Figure 1 - Experimental protocols.

wn

“C” indicates retrieval of right kidney for Group 0 (control). “i” indicates ischemia and “r” indicates reperfusion. Blue color indicates
topical hypothermia. TH: topical hypothermia without ischemia; IR: ischemia and reperfusion; IPC+IR: ischemic preconditioning
followed by ischemia and reperfusion; TH+IR: topical hypothermia with ischemia and reperfusion; IPC+TH+IR: ischemic preconditioning
followed by topical hypothermia with ischemia and reperfusion.

After weighing, the animals underwent abdominal incision, bupivacaine 0.5% was
inhalation general anesthesia induction with injected in the abdominal wall to ensure pain
isoflurane vaporizer at 3-5%, administrated control during and after the procedure. A
through campanula. Blood from retro-ocular longitudinal median incision was made on the
plexus was collected. Then, animals were placed abdomen and surgical retractors were applied.
on a warm surgical table in supine position and Right nephrectomy was performed. Half of the
rear paw reflexes were tested to ensure that right kidney was put in 10% formalin and the
adequate anesthesia was achieved. Oxygen other half frozen and stored at -80°C. Then one
at 1 L/min and isoflurane at 2-3% were used of the five protocols described was applied
for maintenance. A common electronic rectal to the left kidney. To induce ischemia, the
thermometer (Termomed 1.0, Incoterm, Porto renal pedicle was clamped with an atraumatic
Alegre, Brazil) was used for assessing systemic microvascular cranial surgery clip (Medicon,
temperature. If needed, a heating lamp was Tuttlingen, Germany). Cortical left kidney
used to maintain the systemic temperature temperature was assessed with an intra-
between 35.5°C and 37.5°C. Before the parenchymal probe connected to a specific
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thermometer (BAT 12, IITC Life Science, W. Hills,
CA, USA). In groups exposed to TH (TH, TH+IR
and IPC+TH+IR groups), the left kidney target-
temperature (4°C) was achieved with ice slush of
saline solution. To avoid systemic hypothermia,
a suction system was installed to remove the
cold saline solution and the left kidney was
isolated from the rest of the abdominal cavity
through the application of a specially designed
device made of polystyrene and latex (Figure
2). After 40 min of TH and/or ischemia, renal
pedicle was unclamped and abdominal wall
was closed. Animals were moved to a new
warm cage with water, but without food. After
4 h of reperfusion, they were moved again
from the cage to the surgical table. Inhalation
general anesthesia was used as before. The
abdominal wall sutures were removed and left
nephrectomy was accomplished. The same
procedures performed on the right kidney were
carried out for the left one. Blood sample was
collected through heart puncture. Cardiectomy
was performed to ensure animal death under
anesthesia.

ey ' &) / 7
¥ L e
Figure 2 - The manufactured device made b

sticking half of the bottom part of a polystyrene
cup inside a latex glove finger.

Histological changes

Half of each kidney was fixed in 10%
formalin, embedded in paraffin, sliced, and
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stained with hematoxylin and eosin (H&E)
and periodic acid-Schiff (PAS) method. The
PAS highlights the initial changes seen in acute
tubular necrosis. Thus, it is straightforward
to see the thinned or absent brush border
of proximal tubules. The criteria employed
to grade the severity of acute tubular
necrosis were the 5-point scale described by
Jablonski et al.*® with the following grades:
0, no abnormality; 1, mitoses and necrosis
of individual cells; 2, necrosis of all cells in
adjacent proximal convoluted tubules, with
survival of surrounding tubules; 3, necrosis
confined to the distal third of the proximal
convoluted tubule with a band of necrosis
extending across the inner cortex; 4, necrosis
affecting all three segments of the proximal
convoluted tubules. All slices were examined
by an experienced renal pathologist, who was
blinded to the control and treatment groups.

Kidney homogenate preparation

Kidneyswereweighedandhomogenized
for 40 sec in an Ultra-Turrax homogenizer (IKA
Works Inc., Wilmington, DE, USA) at 4°C in the
presence of 1.15% KCI (9 ml per g of tissue)
and phenyl-methyl-sulfonyl fluoride (PMSF)
at a concentration of 100 mM in isopropanol
(10 pl per ml of KCI). The homogenate was
then centrifuged for 10 min at 3,000 rpm in a
refrigerated centrifuge (SORVALL Super T21;
Kendro Laboratory Products, Weaverville, NC,
USA). The precipitate was discarded and the
supernatant was recovered and frozen at -80°C
for subsequent biochemical analysis.

Protein

Protein concentrations were
determined using the Bradford method with
bovine albumin as a standard, followed by
spectrophotometry at 595 nm. It was used to
determine antioxidant enzyme levels.
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Oxidative stress damage

The amount of oxidative stress damage
was evaluated by measuring the levels of F2-
isoprostanes (F2IP), a reliable biomarker of
lipid peroxidation in the tissues, using 8-iso-
PGF2a ELISA kit (ADI-900-010, Enzo Life
Sciences Inc., Farmingdale, NY, USA) after
kidney homogenization.

Antioxidant enzyme activity

Superoxide dismutase (SOD) activity
was determined by the inhibition of the
reaction of superoxide-dependent adrenaline
auto-oxidation in a spectrophotometer at 480
nm. Results were expressed as USOD/min/mg
protein. Catalase (CAT) activity was calculated
based on the decomposition of hydrogen
peroxide on a spectrophotometer at 240 nm.
The results of this procedure were expressed
as pmol/mg protein.

Biochemical functional parameter analysis

Levels of serum urea and creatinine
(sCr) at baseline (from the blood collected
from the retro-orbital plexus) and at the end of
the experiment (from the blood collected from
the heart) were estimated using a Roche Cobas
8000 c702 automatic biochemistry apparatus.
Biochemical functional parameters were
analyzed only with regard to experimental
groups because urea and sCr were estimated
from peripheral blood.

Statistics

Data were analyzed for statistical
significance by the application of generalized
linear models using SPSS software (SPSS
Statistics for Windows, Version 21.0, IBM Corp.,
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Armonk, NY, USA). It used the normal model for
symmetrical variables and gamma model for
asymmetrical variables. Because this involved
multiple paired tests, the Bonferroni correction
was applied to the significance level of each
test. All P values were two-tailed, and a P value
of less than 0.05 was considered statistically
significant. Data are shown as mean * standard
error (SE).

n Results

Weight was not different between
groups. Minimum systemic temperature
was lower in animals subjected to TH (P <
0.001), despite all efforts to maintain systemic
temperature in the normal range. Nonetheless,
the minimum systemic temperatures in these
groups were slightly below normal ranges
(TH: 36.1 + 0.1°C, TH+IR: 35.5 * 0.3°C, and
IPC+TH+IR: 35.8 + 0.3°C). Urea and sCr were
similar across all groups at baseline.

Histological evaluation revealed grades
of acute tubular necrosis ranging from 1 to 3
(Figures 3 to 5). Because there was too much
overlapping of histological changes between
groups, it was not possible to assign a specific
grade to any particular group (except for
control group, which uniformly exhibited
grade 0 pattern). There was no case of grade 4.
Analysis of histological changes showed higher
grades of tissue injury in kidneys of animals
that underwent warm ischemia (IR and IPC+IR
groups) compared with controls and kidneys
of animals subjected to topical hypothermia
(TH and TH+IR groups). An exception was the
IPC+TH+IR group; when IPC was added to 40
min of cold ischemia, IPC seemed to decrease
TH protection as seen by histological changes
attributable to I/R injury (Figure 6).
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Figure 3 - Photomicrograph of renal cortex showing
necrosis of individual cells and mitotic figures in
Grade 1 acute tubular necrosis. (PAS x400)

Flgure 4- Photomlcrograph of renal cortex showmg
necrosis of a group of proximal convuluted tubules
in Grade 2 acute tubular necrosis. (PAS x400)

Figure 5 - Photomicrograph of renal cortex showing
necrosis of distal third of the proximal convoluted
tubules in Grade 3 acute tubular necrosis. (PAS
x400)
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Figure 6 - Grades of histological changes.

1Data are expressed as mean = SE. Generalized linear models
were adjusted to weight, age, and minimum systemic
temperature. The Bonferroni correction was applied to the
significance level of each test; *Significantly different from
Control and TH (P < 0.05); #Significantly different from TH+IR
(P < 0.05); TH: topical hypothermia without ischemia; IR:
ischemia and reperfusion; IPC+IR: ischemic preconditioning
followed by ischemia and reperfusion; TH+IR: topical
hypothermia with ischemia and reperfusion; IPC+TH+IR:
ischemic preconditioning followed by topical hypothermia
with ischemia and reperfusion.

Oxidative stress damage, as measured
by F2IP tissue assay, was lower in TH group,
compared with TH+IR and IPC+TH+IR groups.
Most importantly, F2IP tissue levels in all the
groups subjected to ischemia (IR, IPC+IR, TH+IR
and IPC+TH+IR groups) were not statistically
different from those in controls (Figure 7).

F2IP'
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Figure 7 - F2-isoprostanes tissue assay.

1Data are expressed as mean * SE. Generalized linear models
were adjusted to weight, age, and minimum systemic
temperature. The Bonferroni correction was applied to the
significance level of each test; "Significantly different from
TH (P < 0.05); TH: topical hypothermia without ischemia; IR:
ischemia and reperfusion; IPC+IR: ischemic preconditioning
followed by ischemia and reperfusion; TH+IR: topical
hypothermia with ischemia and reperfusion; IPC+TH+IR:
ischemic preconditioning followed by topical hypothermia
with ischemia and reperfusion.
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Antioxidant enzymes activity results are
shown in Table 1. CAT activity was increased in
groups subjected to warm ischemia (IR and
IPC+IR groups), compared with TH+IR group.

Table 1 - Antioxidant enzymes activity*

Acta Cir Bras. 2017;32(10):816-826

When IPC was added to 40 min of cold ischemia
(IPC+TH+IR group), CAT activity showed no
difference in any group. SOD activity was not
statistically different among the groups.

Variables Control TH IR IPC+IR TH+IR IPC+TH+IR
CAT (pmol/mg prot) 64.4+6.1 60.5+55 81.8+69* 741+4.0* 475+48 59923
SOD (USOD/min/mg prot)  9.4+12 7.1+0.6 8.6%1.4 7.0%0.5 87+23 63+06

!Data are expressed as mean + SE. Generalized linear models adjusted to weight, age, and minimum systemic temperature. The
Bonferroni correction was applied to the significance level of each test; *Significantly different from TH+IR (P < 0.05); TH: topical
hypothermia without ischemia; IR: ischemia and reperfusion; IPC+IR: ischemic preconditioning followed by ischemia and reperfusion;
TH+IR: topical hypothermia with ischemia and reperfusion; IPC+TH+IR: ischemic preconditioning followed by topical hypothermia

with ischemia and reperfusion.

Functional parameters at the end of the
experiment revealed a higher urea in IPC+IR
group, compared with IR group (Figure 8), and
a higher sCr in IPC+IR group compared to all
the other experimental groups (Figure 9).

Urea'
140
120
100

80

mg/dL

60
40

20

TH IR IPC+IR TH+IR IPC+TH+IR

Figure 8 - Serum urea levels.

!Data are expressed as mean * SE. Generalized linear models
were adjusted to weight, age, and minimum systemic
temperature. The Bonferroni correction was applied to
the significance level of each test. Analysis included only
experimental groups because urea was estimated from
peripheral blood at the end of the experiment; *Significantly
different from IR (P < 0.05); TH: topical hypothermia without
ischemia; IR: ischemia and reperfusion; IPC+IR: ischemic
preconditioning followed by ischemia and reperfusion;
TH+IR: topical hypothermia with ischemia and reperfusion;
IPC+TH+IR: ischemic preconditioning followed by topical
hypothermia with ischemia and reperfusion.
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Creatinine’

*
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Figure 9 - Serum creatinine levels.

!Data are expressed as mean * SE. Generalized linear models
were adjusted to weight, age, and minimum systemic
temperature. The Bonferroni correction was applied to
the significance level of each test. Analysis included only
experimental groups because sCr was estimated from
peripheral blood at the end of the experiment; *Significantly
different from all other groups (P < 0.05); TH: topical
hypothermia without ischemia; IR: ischemia and reperfusion;
IPC+IR: ischemic preconditioning followed by ischemia and
reperfusion; TH+IR: topical hypothermia with ischemia and
reperfusion; IPC+TH+IR: ischemic preconditioning followed by
topical hypothermia with ischemia and reperfusion.

] Discussion

Although several studies have tried to
evaluate the effects of ischemic preconditioning
on renal I/R injury, none of them investigated
if local ischemic preconditioning had
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synergistic protective effect when combined
with topical hypothermia during prolonged
ischemia®®. Torras et al.*® published functional
and histological results of local ischemic
preconditioning in kidneys flushed with Euro-
Collins solution and cold stored for 5 hours
before transplantation. They showed that
ischemic preconditioning before cold storage
resulted in lower sCr and acute tubular
necrosis following transplantation. Considering
that topical hypothermia is an important
surgical tool not only for transplantation, but
also for other clinical scenarios such as partial
nephrectomy, the present study was designed
to evaluate if local ischemic preconditioning
and topical hypothermia merge protective
effects on I/R injury following 40 min of
ischemia in an acute experiment (4 h of
reperfusion) using histological changes as the
main outcome. Tissue lipid peroxidation and
antioxidant enzymes activity were evaluated
because of scarcity of data regarding the effect
of ischemic preconditioning on them, despite
the relevance of oxidative stress to I/R injury?.
Moreover, urea and sCr were tested in order
to look for functional evidence of additive
effect of ischemic preconditioning with topical
hypothermia.

Right nephrectomy was performed
before any intervention was performed
because recovery of an ischemically damaged
kidney is affected by the presence of a
healthy kidney?’. We showed that topical
hypothermia by itself did not cause histological
changes, oxidative stress damage, or changes
in antioxidant enzymes activity compared
to controls. Regarding histological changes
in groups subjected to ischemia, ischemic
preconditioning unexpectedly increased acute
tubular necrosis, while topical hypothermia
showed a trend towards decreasing it. The
combination of ischemic preconditioning to
topical hypothermia was neither beneficial
nor detrimental, compared to ischemia
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alone. Some previously published studies
that evaluated histological damage using a
comparable 5-point scale showed significantly
lower acute tubular necrosis when local
ischemic preconditioning was performed
before prolonged ischemia, but not all studies
have reported positive findings. A recent meta-
analysis collectively evaluating the effects of
local and remote ischemic preconditioning on
histological changes indicates that ischemic
preconditioning is beneficial®.

We found increased antioxidant CAT
activity in warm ischemia groups (IR and
IPC+IR), compared with TH+IR group. Ischemic
preconditioning combined to cold ischemia
(IPC+TH+IPC group) resulted in similar CAT
activity, compared to TH+IR group. The increase
in CAT activity observed in IR group was also
previously observed in kidneys exposed to
similar conditions of I/R injury?’. Other studies
with different periods of warm ischemia and
reperfusion before kidney tissue harvesting
reported conflicting results?>%. In essence,
longer periods of ischemia consistently led to
loss of CAT activity?>?. Perhaps the increase
in CAT activity in our model occurred because
ischemia and reperfusion periods were short,
inducing slight oxidative stress that triggered
an increase in CAT activity in the first few hours
before its inactivation.

Our evaluation of F2IP levels did not
reach statistical significance between groups
in which kidneys experienced ischemia. As
expected, topical hypothermia at 4°C without
ischemia proved to cause no oxidative
damage. Using another marker for lipid
peroxidation, thiobarbituric acid reactive
substances (TBARS), Dobashi et al.?? showed
no increase in its levels with 30min of warm
ischemia. Nonetheless, ischemia for 60 or 90
min consistently increased lipid peroxidation.
SOD activity was similar among our groups.
Although it also has conflicting results in the
literature, the variation patterns are much like
those of CAT?*%¢,
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Regarding kidney function parameters,
our experiment protocol showed that IPC
impaired kidney function, compared to
all other groups, as demonstrated by the
significant increase in urea and sCr levels. In
contrast, when IPC was combined to topical
hypothermia, it looks like the functional
damage caused by IPC was mitigated. The only
published meta-analysis on this subject reports
that ischemic preconditioning preserves renal
function®®. Nevertheless, it should be pointed
out that the results of this meta-analysis are
possibly inaccurate because of publication
bias. Wever et al.®® stated that visual analysis
of funnel plots revealed that small, negative
studies appeared to be underrepresented, and
that it was especially true for serum creatinine
and urea. Other authors found that ischemic
preconditioning decreased renal function or at
least had a trend towards it?”%.

In short, our study showed that
topical hypothermia by itself did not cause
histological, oxidative, or functional damage
to the kidney. Also, when topical hypothermia
was superimposed on ischemia, it had a
trend towards preserving renal function and
attenuating cell damage, as assessed by sCr and
histological changes, respectively. In contrast,
we found that ischemic preconditioning not
only lacks protective effects on I/R injury, but
rather increases I/R injury.

The major strength of our study is that
as far as we are aware, this is the first study
to investigate if ischemic preconditioning has
synergistic effects with topical hypothermia
in decreasing renal I/R injury. Furthermore,
there was a clear correlation of ischemic
preconditioning with increased I/R injury, as
evidenced by higher grades of acute tubular
necrosis and higher sCr at the end of the
experiment.

Some potential limitations of our study
must be emphasized. First, the acute nature
of our experiment, with blood and specimen
collection after only 4 h of reperfusion, could
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have hindered true (if different) long-term
effects of ischemic preconditioning on I/R
injury. It is possible that our preconditioning
protocol with continuous ischemia for 15 min
wastoolong, resultingin acute kidney injury per
se. However, it is difficult to explain why other
groups using similar IPC protocol had opposing
results'®. Second, our protocol was designed
to test the “early window of protection”, and
there is some evidence that the “late window
of protection” (ischemic preconditioning > 24
h before sustained ischemia) is more efficient
in attenuating I/R injury®. Third, I/R injury is
well-known temperature sensitive. Hence,
lower minimum systemic temperature attained
in groups subjected to topical hypothermia
could affect results®. Fourth, there are some
data indicating that isoflurane, the volatile
anesthetic used, has unique preconditioning
characteristics®®. Hence, it could act as a
confounding factor in our outcomes.

n Conclusions

We could not establish additive effects
of local ischemic preconditioning and topical
hypothermia in protecting the kidney from I/R
injury. Moreover, localischemicpreconditioning
followed by warm ischemia impaired renal
function more than warm ischemia alone.
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