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ABSTRACT
Renal ischemia/reperfusion (I/R) injury is the main cause
of acute renal failure. The severity of injury is determined
by endothelial damage as well as inflammatory and apop-
totic processes. The anticoagulants active site inhibited
factor VIIa (ASIS) and activated protein C (APC) are
besides their anticoagulant function also known for their
cytoprotective properties. In this study the effect of ASIS
and APC was assessed on renal I/R injury and this in rela-
tion to inflammation and apoptosis. Our results showed
no effect of ASIS or APC on renal injury as determined by
histopathological scoring as well as by blood urea nitro-
gen (BUN) and creatinine levels. Furthermore, no effect
on fibrin staining was detected but ASIS did reduce tissue
factor activity levels after a 2-hr reperfusion period. Neither
ASIS nor APC administration influenced overall inflamma‐
tion markers, although some inflammatory effects of ASIS
on interleukin (IL)-1β and tumor necrosis factor (TNF)-α
were detectable after 2 hr of reperfusion. Finally, neither APC
nor ASIS had an influence on cell signaling pathways or on
the number of apoptotic cells within the kidneys. From this
study we can conclude that the anticoagulants ASIS and APC
do not have protective effects in renal I/R injury in the
experimental setup as used in this study which is in contrast
to the protective effects of these anticoagulants in other models
of I/R.

What is known on this topic? What this paper adds?

. Several anticoagulants show
both protective as well as non-
protective effects on renal I/R
injury.

. APC is protective in a rat
model of renal I/R injury via
reduced inflammation.

. ASIS and APC are protective in
several I/R injury models.

. First mouse renal I/R injury
model in which ASIS and APC
are used as an intervention.

. No effect of APC or ASIS in
this model of renal I/R injury
in which the left kidney is
clamped and the right one is
removed after induction of
reperfusion.

. No effect of APC on inflam-
mation, apoptosis, and renal
function.

INTRODUCTION
Renal ischemia/reperfusion (I/R) injury contributes in a large
extent to kidney failure after organ transplantation [1]. The
molecular mechanisms involved in the development of renal
I/R injury are not yet completely understood but involve the
generation of reactive oxygen species and an inflammatory
response with the release of cytokines and the expression of
adhesion molecules [2]. Furthermore, the process of renal I/R
leads to cell death either via necrosis due to a loss of ATP or
apoptosis due to cell signaling involved mechanisms [3].
Whether the process of inflammation is involved in the devel-
opment of cell death or the other way around still remains a
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matter of debate [4–6]. Anticoagulants may exert, beside their
anticoagulant function, also cell protective properties.
Activated protein C (APC) is a natural anticoagulant which in
a clinical setting is used in the treatment of severe sepsis
(PROWESS trial) [7]. Besides its anticoagulant properties, APC
exerts cytoprotective functions via inhibition of inflammation,
prevention of apoptosis, and protection of the endothelial bar-
rier function [8]. Administration of APC has shown to limit
organ damage in several animal models including an ischemic
stroke model, a lung injury model, and a spinal cord ischemia
model [9–12]. A recent study revealed a protective effect of
APC against diabetic nephropathy. In this study mice over
expressing human APC were shown to have less nephropathy
in long-term diabetes due to a modulating effect on apopto‐
sis of endothelial cells and podocytes [13]. Furthermore, APC
was shown to be protective in a rat renal I/R model [14]. The
anticoagulant active-site inhibited factor VIIa (ASIS) is also
known for its cytoprotective properties as it reduces myocar-
dial I/R injury via inhibition of inflammation [15, 16].
Hence, we hypothesized that administration of APC or ASIS
would protect against renal I/R injury via apoptosis and
inflammation-regulated mechanisms. In the current study we
used a mouse model for renal I/R injury in which either a 1-
hr ischemia time was used followed by 2 hr of reperfusion or
a 40-min ischemia time followed by 2 or 24 hr of reperfusion.
In contrast to previous studies [14, 17–19], in our experi-
mental model only one kidney was clamped instead of two,
while reperfusion of the clamped kidney was allowed after
removal of the contra lateral kidney. This approach is consid-
ered to be a good model for the clinical situation of ischemia
reperfusion injury in a single transplanted kidney, which is
one of the critical conditions related to renal I/R damage [4].
We investigated the effects of mouse APC and ASIS on early
renal I/R injury, particularly related to anticoagulant, anti-
inflammatory and anti-apoptotic mechanisms.

MATERIALS AND METHODS
Experimental procedure

All animal experiments were approved by the Animal Ethics
Committee of the Maastricht University. Male C57Black/6
mice of 8 weeks old and around 25 g were purchased from
Charles River Laboratories (Sulzfeld, Germany) and were
housed under normal conditions: temperature was kept con-
stant at 20–24°C and food and water were provided ad libi-
tum. Mice were anesthetized with isoflurane (induced with 3–
4% and maintained with 1.5–2.5%) and were ventilated (fre-
quency: 210/min, volume: 250 ml). Thirty minutes before the
procedure, buprenorphine (Temgesic, 0.1 mg/kg) was given
subcutaneously. Body temperature was assessed using a rec-
tal probe and was kept constant at 37°C using a heath pad.
Ischemia was induced by placing a clamp to the left renal
pedicle either for 40 min or for 1 hr. After removal of the
clamp, the collateral kidney was removed. The animals were
sacrificed after 2 hr (for the 40-min and the 1-hr ischemia
period) of after 24 hr (only for the 40 min ischemia period).

Animals undergoing a 1-hr ischemia period did not survive a
24-hr reperfusion period; hence this group was not included
in the study. Mouse APC (0.4 mg/kg), human ASIS (10 mg/
kg), or placebo (0.9% NaCl) were administered 2 min before
induction of reperfusion and 15 min after induction of reper-
fusion. In an additional experiment mouse APC was adminis-
tered in a 0.4-mg/kg or a 1-mg/kg dose, 5 min after the
beginning of ischemia, and 5 min after the induction of reper-
fusion. The rationale for the chosen doses of APC is based on
a study by Cheng et al. [20] where APC treatment was shown
to be effective and for ASIS the optimal dose was determined
by a dose-finding study (data not shown). Furthermore, the
systemic anticoagulant activity was assessed by means of a
thrombin generation assay in which the doses used revealed
reduced thrombin levels when added to mouse plasma (data
not shown). After the mentioned reperfusion time, sodium cit-
rate (3.2%) was injected directly into the vena cava, blood
was drawn from the vena cava, and plasma was collected as
described previously [21].

Tissue collection

After sacrificing, two groups were obtained for further ana-
lysis: one group for RNA and protein analysis (n = 6) and the
other group for paraffin tissue sections (n = 10). After blood
collection the left kidney was rinsed with 0.9% NaCl and sub-
sequently removed. The kidneys were either frozen in liquid
nitrogen for protein and RNA analysis or stored in parafor-
maldehyde (4%) for paraffin tissue sections. The left kidneys
were dry frozen and pulverized. For protein analysis, 10 mg
of the powdered tissue was dissolved in 28 mM of n-octyl-β-
D-glucopyranoside (Sigma, St. Louis, MO, USA) to disintegrate
the cell membranes and to release the protein content in the
solution. After centrifugation (14,000 rpm, 10 min at RT), total
protein concentrations were determined in the supernatant
using the Bio-Rad Dc Protein Assay (Bio-Rad Laboratories,
Veenendaal, the Netherlands). All samples were diluted to a
total protein concentration of 1 mg/ml protein. Ten milligram
of tissue powder was dissolved in 1 ml of tri reagent (Sigma,
St. Louis, MO, USA) for total RNA isolation and RNA was fur-
ther isolated according the manufacturer’s instructions.

Renal function

In mice that underwent 24 hr of reperfusion blood urea nitro-
gen (BUN) and creatinine levels were determined in plasma
with a Beckman/Coulter Synchron LX-20.

Renal histology

To determine renal injury, paraffin sections (5 mm) were
stained with Periodic acid–Schiff–diastase (PAS-D). A 5-point
scale scoring system was used to determine a histopathologi-
cal score as described by Leemans et al. [22]. Ten fields on
the corticomedullary junction within one section were scored
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for tubular dilatation, necrosis, cast deposition, and brush
border loss using a 20� magnification.

Tissue factor activity

Tissue factor (TF) activity was determined in the 1-mg/ml
protein sample dilutions using a homemade TF activity assay.
In brief, samples were incubated for 10 min at 37°C with a
mixture consisting of 2.8 nM recombinant FVIIa (Novo,
Bagsværd, Denmark), 278 nM bovine FX, 10 mM Ca2+, and 40
mM 20/80 phosphatidylserine/phosphatidylcholine vesicles in
tris buffer (15.4 M Tris, 5.7 M NaCl, pH = 7.35). Chromogenic
substrate S2765 (BIOMAT B.V., Maastricht, the Netherlands)
was added and the amount of factor Xa formed was measured
kinetically at 405 nm for 10 min. Innovin (Dade Behring,
Deerfield, IL, USA) was used as reference and control points
with a reference curve ranging from 0.39 to 6 pM.

PAI-1 antigen

Total PAI-1 antigen levels were determined in tissue homoge-
nates (1 mg/ml protein content) according to the manufac-
turer’s instructions (Innovative Research, Novi, MI, USA).

Microwave phosphotungstic acid hematoxylin (PTAH)
staining

Tissues were stained for fibrin using the PTAH staining kit
(American Master Tech Scientific Inc., CA, USA). All experi-
ments were performed according to the manufacturer’s
instructions. Tissues were scored using a 3-point scoring
system: 1 – mild fibrin deposition in <20% of the cortex;
2 – moderate fibrin deposition in 20–50% of the cortex; and
3 – high amount of fibrin deposition in >50% of the cortex.

Interleukin-6, tumor necrosis factor, and IL-1β antigen

Interleukin-6 (IL-6), tumor necrosis factor (TNF-α), and IL-1β
antigen levels were determined in tissue homogenates con-
taining 1 mg/ml protein using an ELISA reagent set. All ana-
lyses were performed according to the manufacturer’s
manual (eBioscience, San Diego, CA, USA).

Myeloperoxidase

Mouse myeloperoxidase (MPO) was determined in tissue
homogenates containing 1 mg/ml protein using an ELISA kit.
All analyses were performed according to the manufacturer’s
manual (Hycult biotechnology b.v., Uden, the Netherlands).

Multiplex ligation-dependent probe amplification (MLPA)

Coagulation, inflammation, cell signaling, and apoptosis-related
gene expression levels were determined in isolated RNA of
the mouse kidneys (n = 6 per group). As many as 50 ng/ml
RNA was analyzed according to the method described

previously by Spek et al. [23]. Several genes were analyzed
(cell signaling: CD14, toll-like receptor [TLR]-2, TLR-4, IL-1
receptor-associated kinase (IRAK)-1, IRAK-3, IκBα, and pro-
tease activated receptor-1 [PAR-1]; coagulation: TF, tissue fac-
tor pathway inhibitor [TFPI], plasminogen activator inhibitor-1
[PAI-1], urokinase-type plasminogen activator receptor [uPAR],
tissue-type plasminogen activator receptor [t-PA], and pro‐
tein C receptor; inflammation: IL-6, IL-4, IL-10, IL-1β, TNF-α,
interferon-γ, hypoxia-inducible factor-1α, ICAM-1, macro-
phage inflammatory protein-1α, CxCl1, CCl3, and eNOS). Only
the genes that showed detectable expression levels are
depicted in the results.

Apoptosis

Mouse kidney paraffin sections were stained for DNA ladder-
ing using the ApopTag Plus Peroxidase In Situ Apoptosis
Detection Kit (Chemicon, Billerica, USA) and the In Situ Cell
Death Detection Kit TMR red (Roch Diagnostics, Indianapolis,
USA). Sections were stained according the manufacturer’s
manual. Analyses of all sections were done blinded for treat-
ment allocation (APC, placebo, or sham). The amount of apop-
tosis was estimated by counting the number of cells in three
fields within the infarcted area (40� magnification). Data are
represented as the number of positive cells per surface area.

Statistical analyses

Data analysis was performed with Prism for Windows, ver-
sion 5.00 (GraphPad Software Inc., San Diego, CA, USA).
Values are means ± SEM. Differences between groups were
tested using a Mann–Whitney U-test and P values <0.05 were
considered statistically significant.

RESULTS
Renal function

Renal function neither improved upon APC nor upon ASIS
administration, as both BUN (Figure 1A) and creatinine
(Figure 1B) plasma levels remained equal after APC (50.4 ±
1.6 mmol/l and 186.4 ± 4.1 mmol/l, respectively) or ASIS
administration 2 min before induction of reperfusion and 15
min after induction of reperfusion (53.1 ± 1.5 mmol/l and
193.5 ± 4.6 mmol/l) compared to placebo administration
(54.0 ± 1.3 mmol/l and 194.6 ± 3.5 mmol/l, respectively). In
addition, APC was administered at the beginning of the
ischemic period and at the beginning of the reperfusion per-
iod in both a 0.4-mg/kg and a 1-mg/kg dose. BUN (Figure 1C)
as well as creatinine (Figure 1D) levels were not influenced
after the administration of APC early in the ischemia period
and with a varying dose.

Renal histology

Paraffin sections were scored for tubular dilatation, cast
deposition, brush border loss, and necrosis after which an
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average histopathological score was obtained for a total of 10
mice per group. APC administration did not improve the score
after 1 hr of ischemia and 2 hr of reperfusion compared to
placebo administration (Figure 2A). Administration of ASIS
revealed a decreased histopathological score compared to the
placebo animals but the results were not significantly differ-
ent. Renal injury increased after 24 hr of reperfusion com-
pared to 2 hr of reperfusion after a 40-min ischemia period.
Administration of APC or ASIS did however not decrease
renal injury as the histopathological score of both placebo
and APC- or ASIS-treated animals remained equal after 2 hr

as well as 24 hr of reperfusion (Figure 2B). Administration of
APC in a higher dose and at a different time point during
ischemia also revealed no effect on the histopathological
score (data not shown).

Coagulation parameters

TF activity levels were increased after 40 min of ischemia
and 24 hr of reperfusion compared to sham animals and ani-
mals with a 2-hr reperfusion period. No differences could be
detected upon APC administration compared to placebo after
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Figure 1. Panel A: BUN levels and Panel B: creatinine levels did not differ upon APC nor upon ASIS administration 2 min before induc-

tion of reperfusion and 15 min after induction of reperfusion compared to placebo after 40 min of ischemia followed by 24 hr of reper-

fusion. Administration of APC in a higher dose and at an earlier time point in the ischemic phase did not reveal changes in Panel C:

BUN or Panel D: creatinine levels compared to placebo. Values are mean ± SEM, n = 18 per group.
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varying ischemia and reperfusion times (Figure 3A).

Administration of ASIS did however decrease TF activity
levels after a 2-hr reperfusion period both for a 40-min and a
1-hr ischemia period. No differences in TF activity were vis-
ible after a 24-hr reperfusion period. PAI antigen levels were
assessed after 1 hr of ischemia and 2 hr of reperfusion and
revealed increased PAI-1 levels upon I/R compared to sham
animals. Administration of APC or ASIS did however not influ-
ence PAI-1 antigen levels (data not shown). Tissue scoring for
fibrin deposition revealed an increase in fibrin deposition
after 24 hr of ischemia compared to 2 hr of reperfusion.
Administration of neither APC nor ASIS influenced fibrin
deposition in the cortex of the kidneys (Figure 3B).

Inflammation markers

IL-6, IL-1β, and TNF-α levels were determined in tissue homo-

genates of the left kidneys. IL-6 levels increased upon I/R
after both a 1-hr reperfusion and a 40-min reperfusion time
(Figure 4A–C). Neither APC nor ASIS administration revealed
an anti-inflammatory effect in the ischemic kidneys and even
increased IL-6 levels after both a 1-hr and a 40-min ischemic
period followed by a 2-hr reperfusion time (Figure 4A and
4B). I/R increased IL-1β levels compared to sham animals for
both the 1-hr and the 40-min ischemia period. APC adminis-
tration did not influence IL-1β levels for neither of the vary-
ing I/R times. Administration of ASIS did however decrease
IL-1β after a 1-hr ischemia and a 2-hr reperfusion period
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compared to placebo (Figure 4A). TNF-α levels increased
upon I/R compared to the sham group. TNF-α levels were not
decreased upon APC administration after 2 hr or reperfusion
with both a 1-hr and a 40-min ischemic time. APC did how-
ever decrease TNF-α levels after a 40-min ischemic period fol-
lowed by a 24-hr reperfusion phase. Administration of ASIS,
on the other hand, decreased TNF-α levels after a 1-hr ische-
mia and a 2-hr reperfusion period but increased TNF-α levels
after a 40-min ischemia and 2-hr reperfusion period com-
pared to placebo (Figure 4A–C). MPO levels increased upon I/
R compared to sham animals. No downregulating effect of
APC or ASIS administration could be detected, and adminis-
tration of both APC and ASIS even increased MPO levels after
a 1-hr ischemia and 2-hr reperfusion period compared to pla-
cebo administration (Figure 4A).

MLPA analysis cell signaling, coagulation, and
inflammation

Analysis of cell signaling-related genes involved in the NF-κB
pathway did not reveal an effect of APC or ASIS on this path-
way as TLR-4, IRAK-1, and IκBα levels remained equal after
APC or ASIS treatment compared to placebo administration
(data not shown). PAR-1 expression levels increased after a
24-hr reperfusion period compared to a 2-hr reperfusion per-
iod and to nonischemic kidneys. However, no effect of APC or
ASIS administration was detected on PAR-1 RNA expression
levels (data not shown).
TF RNA expression levels were increased upon I/R compared
to the sham animals showing the highest TF RNA levels after
24 hr of reperfusion (Figure 5C). Administration of APC
showed a trend toward decreased TF RNA levels, but the
results were only significant after a 40-min ischemia and a
2-hr reperfusion period. TF RNA levels were decreased after
a 40-min ischemia and a 2-hr reperfusion period upon ASIS
administration. PAI-1 RNA expression levels also increased
upon I/R compared to the sham group and revealed increas-
ing levels of PAI-1 after 24 hrs of reperfusion (Figure 5A–C).

APC nor ASIS administration did however influence PAI-1
expression levels. Inflammation markers IL-6 and IL-1β
showed increased mRNA expression levels after I/R com-
pared to sham animals. APC or ASIS administration showed
no anti-inflammatory effect as APC as well as ASIS adminis-
tration even increased IL-6 and IL-1β levels compared to pla-
cebo administration after a 40-min ischemia period followed
by 2 hr of reperfusion (Figure 5B). A similar trend was
observed after a 1-hr ischemia and 2-hr reperfusion period
(Figure 5A). A small decrease in IL-6 and IL-1β levels was
observed after a 40-min ischemia and a 24-hr reperfusion
time but the results were not significant (Figure 5C).

Apoptosis

Kidney paraffin sections were stained for DNA Laddering. A
representative picture is given in Figure 6A. Scoring of the
sections by counting apoptotic cells per surface area within
the corticomedullary junction did not reveal any statistically
significant effects of ASIS or APC administration on DNA lad-
dering. Furthermore, no differences in apoptosis levels were
detectable between a 2-hr and a 24-hr reperfusion period
(Figure 6B).

DISCUSSION
In this study we aimed to address the protective mechanisms
of the anticoagulants APC and ASIS in a model of renal I/R
injury, based on previously studied protective effects of such
interventions in renal I/R injury but also in myocardial I/R
and stroke.
Renal injury was evident in our model, as assessed by histo-
pathological scoring for tubular dilatation, brush border loss,
necrosis, and cast deposition showing increased renal injury
after a prolonged reperfusion time of 24 hr compared to 2 hr.
This tubular injury is probably maximal after 24 hr of reper-
fusion as previous studies have shown a recovery of tubular
injury after a few days of reperfusion compared to 1 day of
reperfusion [22, 24].
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In spite of the clearly evident renal injury, our study did not
reveal any protective effects of APC or ASIS on renal I/R
injury as indicated by BUN and creatinine levels, as well as
histopathological scoring. Moreover, administration of APC at
a different time point during ischemia or at an increased dose
did not result in any measurable protective effects.
Renal I/R injury is of great importance in renal transplanta-
tion surgery and is an important cause of acute renal failure
(ARF). Activation of the coagulation cascade is associated
with this disease process as fibrin deposition in the microvas-
culature and tubuli of ischemic kidneys is observed [25, 26].
Activation of coagulation can via protease-activated receptors
(PARs) in turn induce inflammatory pathways contributing to
cell death. PAR-1, which is expressed in the kidney, can be
activated by several coagulation proteases including FVIIa,
FXa, and most importantly thrombin and APC [27, 28].
Several anticoagulants have been studied in injury models for
their cytoprotective properties in addition to their anticoagu-
lant functions [12–15] and a few of those were also investi-
gated in kidney I/R models. The anticoagulant fondaparinux,
as well as a nonanticoagulant synthetic pentasaccharide were
protective against renal I/R injury as shown by an increased
survival rate, reduced creatinine levels after 48 hr of reperfu-
sion, reduced cytokine levels, and decreased neutrophil accu-
mulation compared to placebo administration [17, 29]. A rat
kidney I/R model revealed a protective role for APC (100 μg/
kg) as BUN, creatinine, TNF-α, IL-6, and MPO levels were
decreased upon APC administration 30 min prior to ischemia,
compared to placebo and this was most likely regulated via
an inhibition of leukocyte activation [14]. Furthermore,
administration of antithrombin reduced I/R-induced renal
injury in rats [18]. Also, low TF mice (∼1% human TF), as
well as PAR-1 deficient mice, were protected against renal I/
R injury as demonstrated by reduced mortality rates, tubular
injury, and neutrophil infiltration compared to wild-type
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Figure 5. Effect of APC and ASIS on RNA expression level after Panel A: 1 hr of ischemia and 2 hr of reperfusion, Panel B: 40 min of
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(WT) mice [26]. Thrombin inhibition via melagatran adminis-
tration, on the other hand, did not protect against renal I/R
injury as shown via determination of the glomerular filtration
rate and histological scoring of injury [19]. In a clinical set-
ting, the presence of increased plasma levels of APC was asso-
ciated with reduced neutrophil activation markers, a process
which can be protective in renal transplantation surgery [30].
Based on published data as well as our own studies showing
an effective reduction of I/R injury in the heart, associated
with similar dose regimens of ASIS [16] and APC [31], we
expected to find at least an indication of a protective effect in
the renal I/R experiments. Surprisingly, our model did not
reveal a protective role for the anticoagulants APC nor ASIS
after a 2-hr or a 24-hr reperfusion period.
Besides the general indices of renal function we studied sev-
eral mechanisms that may be related to cell injury upon I/R.
Although the anticoagulant effects of ASIS and APC were
shown in vitro (data not shown), net procoagulant activity
was not attenuated by the interventions with APC and ASIS,
as fibrin deposition was clearly increased after 24 hr of reper-
fusion, but unaltered by ASIS or of APC administration.
Furthermore, coagulation parameters including renal TF activ-
ity and mRNA levels were increased after 24 hr of reperfusion
compared to 2 hr. Administration of ASIS inhibited TF activity
in the kidney, but TF levels remained equal upon APC adminis-
tration. The lack of any protective effect of APC or ASIS on a
long-term reperfusion period could in part be related to a lack
of attenuating effect on tissue TF concentrations, taking into
account that Sevastos et al. [26] showed that TF deficient
mice were protected from renal failure and death.
Inflammation markers IL-6, IL-1β, TNF-α, and MPO protein
levels as well as IL-6 and IL-1β mRNA levels were upregu-
lated upon I/R injury. A number of anti-inflammatory effects
of ASIS and APC were observed, indicated by decreased IL-1β
and TNF-α levels but this did not result in an improved out-
come. In contrast, IL-1 and MPO levels were even increased
upon ASIS and APC administration using a 1-hr ischemia per-
iod. Furthermore, increased MPO levels were detected after
24 hr of reperfusion compared to 2 hr. A lack of decrease in

IL-6 levels by ASIS or APC can contribute to a lack in protect-
ive effects as mice deficient in IL-6 showed reduced renal
injury as determined by creatinine levels and histological scor-

ing in a study for ischemic renal failure [32]. Furthermore,

MPO is shown to be a critical factor in determining renal
ischemic injury as MPO–/– had less renal function loss upon
ischemia [33]. Therefore, we postulate that the lack of protec-
tion by APC and ASIS is in part related to the absence of any
clear anti-inflammatory effect. It should be noted that also
in vitro, several pro-inflammatory effects of APC have been
noted [34] and it seems likely that many additional factors
beyond those currently studied, modulate the net responses
to APC and ASIS in vivo, including doses, timing, and experi-
mental model used. In this regard it is of importance to keep
in mind that in the clinical setting, APC is only protective in
patients with advanced sepsis and not in less diseased per-
sons where it may even be detrimental [7]. For ASIS or anti-
TF treatment, clinical studies in sepsis and other conditions
remain equivocal.
To explain the results found in this study, several differences

among the experimental models used in previous studies

should be taken into account. An overview of the different

mouse or rat models of I/R injury in which anticoagulants are

used as an intervention is given in Table 1.
One important factor may be that our study is the only one in

which one kidney was clamped and where, after the ischemia

phase, the contralateral kidney was removed. We chose this

model because it better represents the clinical situation in

which a transplanted kidney in a functionally anephric indi-

vidual, is failing due to I/R injury. Furthermore, this model

was used in several studies showing beneficial outcomes [33,

35, 36]. When a kidney sparing effect of the interventions
remained absent, we infused a higher dose of APC at a differ-
ent time point earlier in the ischemia phase. Again, however,
no beneficial effect on renal I/R injury was observed.
The study by Frank et al. [29] also did not reveal an

effect of fondaparinux until after 48 hr of reperfusion but a
reperfusion time longer than 24 hr was not used in our study

Table 1. Overview of distinct studies on renal I/R injury with anticoagulant intervention.

Study Renal clamping I/R time Intervention Outcome

Loubele et al. (this
study)

Clamping left kidney, right
nephrectomy after I

40 or 60 min I
2 or 24 hrs R

Human ASIS or mouse APC
I.v. just prior to declamping
and 5 min after declamping

No effect

Frank et al. [29] Clamping left and right
kidney

20, 25, or 30 min I
24 or 48 hrs R

Fondaparinux
I.p. just prior to declamping
and 5 min after declamping

Effect after 48 hrs R

Mizutani et al. [14] Left nephrectomy before I
Clamping right kidney

60 min I
3, 6, 12, or 24 hrs R

Human APC
I.v. 30 min before declamping

Protective effect

Mizutani et al. [18] Left nephrectomy before I
Clamping right kidney

45 min I
3, 6, 12, 24, or 48 hrs R

Antithrombin
I.v. 30 min before declamping

Protective effect

Nitescu et al. [19] Clamping left and right
kidney

35 min I
24 hrs R

Melagatran
Continuous injection

No effect
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due to decreasing survival rates that were observed in this
study when the reperfusion time was prolonged.
In conclusion, we did not reveal an effect of the anticoagu-

lants APC or ASIS on renal I/R injury. These results are not in

accordance with data from previous studies, showing a pro-

tective effect of APC, or functional TF deficiency, on renal I/R

injury [14, 26]. In the absence of major differences in doses

used and timing of administration we assume that differences
between the models used (clamping one or two kidneys, or
the removal of one kidney before the collateral kidney was
clamped) are major confounders of the effects of the antico-
agulant proteins. The results of this study suggests that more
research is needed to determine whether the use of specific
anticoagulants potentially be of clinical benefit in the protec-
tion against renal I/R injury.
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