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Abstract

Purpose: To evaluate if combination of perconditioning and postconditioning provides 
improved renal protection compared to perconditioning alone in a model of renal reperfusion 
injury.
Methods: Thirty rats were assigned into 6 groups: normality; sham; ischemia and reperfusion; 
postconditioning; perconditioning; perconditioning + postconditioning. Animals were 
subjected to right nephrectomy and left renal ischemia for 30 minutes. Postconditioning 
consisted of 3 cycles of 5 min renal perfusion followed by 5 min of renal ischemia after major 
ischemic period. Perconditioning consisted of 3 cycles of 5 min hindlimb ischemia followed 
by 5 min of hindlimb perfusion contemporaneously to renal major ischemic period. After 24 
hours, kidney was harvested and blood collected to measure urea and creatinine.
Results: Perconditioning obtained better values for creatinine and urea level than only 
postconditioning (p<0.01); performing both techniques contemporaneously had no increased 
results (p>0.05). Regarding tissue structure, perconditioning was the only technique to protect 
the glomerulus and tubules (p<0.05), while postconditioning protected only the glomerulus 
(p<0.05). Combination of both techniques shows no effect on glomerulus or tubules (p>0.05).
Conclusions: Perconditioning had promising results on ischemia and reperfusion induced 
kidney injury, enhanced kidney function and protected glomerulus and tubules. There was 
no additive protection when postconditioning and perconditioning were combined.
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■■ Introduction

	 After tissue ischemia is resolved and 
blood flow is restored, the reperfusion injury 
has been identified as an important mechanism 
contributing to tissue injury; being even more 
deleterious than ischemia1,2. The clinical 
syndrome of ischemia and reperfusion (IR) is 
associated with deleterious consequences for 
several organs. This syndrome contributes to 
morbidity and mortality in up to 60-70% of all 
cases of acute kidney injury syndrome which 
constitutes a serious clinical problem that, 
despite being common, lacks a truly effective 
treatment3,4.
	 The most critical factor that determines 
the severity of tissue damage caused by IR 
appears to be the duration of ischemia5,6. 
In addition to early reperfusion, “tissue 
conditioning” by a series of alternating intervals 
of brief episodes of ischemia and reperfusion is 
currently the most promising approach to limit 
tissue damage caused by prolonged ischemia7-9.
	 In a setting of kidney transplantation 
or contrast induced nephropathy, where the 
renal intervention or damage is planned, 
the ischemic preconditioning, that consist 
of performing short cycles of ischemia and 
reperfusion before a major period of ischemia, 
could easily be applied and showed great 
results and applicability10,11. However, in 
kidney transplantation when the organ is from 
a deceased donor and in a setting of renal 
artery thrombosis, the preconditioning is not 
feasible. In such situations, the local ischemic 
postconditioning (POS) stands pronounced 
importance. It consists of short cycles of 
reperfusion and ischemia before the free 
reperfusion of a tissue that has been under 
ischemia12. POS has been demonstrated to be 
similarly effective as preconditioning13,14.
	 Schmidt et al.15 demonstrated the 
concept of remote ischemic perconditioning 
(PER). They applied a tourniquet to a porcine 

limb to produce alternating periods of occlusion 
and reperfusion while the myocardium was 
under ischemia. This technique led to a 
pronounced protection to the myocardium 
against the deleterious effects of the ischemia 
and reperfusion. Since then, this technique 
has been demonstrated to protect brain, liver, 
myocardium and kidney from the IR syndrome 
in various animal models and in clinical 
settings16-21.
	 PER might be even more practical than 
POS, because it is performed in a distant tissue 
and is a non-invasive procedure, thus does 
not require direct access to the artery and 
could be easily applied during endovascular 
revascularization18,22. Mechanisms underlying 
the remote ischemic conditioning are barely 
understood. It is known that its protective 
effects are mediated through potassium 
channels15, and through the cellular 
activation of reperfusion injury salvage kinase 
pathway and of the survivor activating factor 
enhancement23. The connection between 
the tissue where the intermittent ischemia 
is performed and the tissue that is under 
permanent ischemia appears to occur through 
a neurogenic pathway, mediated by the 
parasympathetic system24.
	 PER and POS appear to share similar 
pathways, such as the activation of the 
reperfusion injury salvage kinase pathway21,23. 
However, previous studies demonstrated that 
they might also have unique mechanisms. 
Moreover, their combination might increase 
the outcome protection against ischemia 
and reperfusion injury. Thus, we tested the 
hypothesis that the combination of PER and 
POS provides improved renal protection 
compared to PER alone in a well-established 
rat model of renal reperfusion injury.

■■ Methods

	 The project was previously approved by 
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the Animal Use and Care Committee, UEPA.
	 Thirty (8-10 weeks) male Wistar 
rats (Rattus norvergicus), weighing 250-
300 g, were used in this study. The animals 
were kept in a vivarium of the Experimental 
Surgery Laboratory, UEPA with a controlled 
environment; water and the food were 
provided ad libitum. The research followed the 
rules of Brazilian Law for Animal Care (Law: 
11.794/08) that is based on NIH guidelines, and 
followed the rules of Council for International 
Organization of Medical Sciences ethical code 
for animal experimentation. 
	 The experimental protocol is illustrated 
in Figure 1. The animals were randomly 
assigned into the following 6 groups (N=5 for 
each group): 
	 (1) In the Normality group (N) no 
intervention was performed. This group served 
to establish physiologic values for the outcome 
parameters for the rat strain/colony used in 
our study;
	 (2) In the sham Group (SHAM) the same 
surgical procedure as in the remaining groups 
was performed but no renal ischemia was 
induced;
	 (3) In the ischemia and reperfusion 
group (IR) renal ischemia was induced for 30 
min followed by reperfusion without any form 
of conditioning;
	 (4) In the local ischemic 
postconditioning group (POS) 30 min of renal 
ischemia was followed by 30 min of autologous 
postconditioning (3 cycles of 5 min renal 
perfusion followed by 5 min of renal ischemia);
	 (5) In the remote ischemic 
perconditioning group (PER) renal ischemia 
was simultaneously accompanied by remote 
ischemic conditioning. Remote ischemic 
conditioning consisted of 3 cycles of 5 min 
hindlimb ischemia followed by 5 min of 
hindlimb perfusion22;
	 (6) In the ischemic remote ischemic 
perconditioning group + local postconditioning 

group (PER+POS) renal ischemia was 
simultaneously accompanied by remote 
ischemic conditioning in the left hindlimb 
followed by autologous ischemic post-
conditioning (3 cycles of 5 min renal perfusion 
followed by 5 min of renal ischemia).

Figure 1 - The experimental protocol of each group.

Surgical procedures 

	 Renal ischemia and remote and/or 
autologous per- and/or post-conditioning 
was performed in anesthesia (ketamine and 
xylazine 70 mg/kg and 10 mg/kg, respectively, 
IP). Briefly, a right nephrectomy was performed 
and the left renal artery was exposed through 
a midline laparotomy. Renal ischemia was 
induced by applying a microsurgical clip on the 
renal artery. Hindlimb ischemia was achieved 
using an elastic rubber band tied around the 
thigh of the left leg, through a non-invasive 
method that was successfully used in previous 
studies18,22.
	 Following the renal ischemia/
conditioning protocols, rats were allowed to 
recover from anesthesia for 24 hours. Then rats 
were anesthetized and a 3 ml blood sample 
was obtained via puncture of the abdominal 
vena cava and the left kidney was harvested for 
histological analysis. Subsequently, the animals 
were euthanized by lethal anesthetic doses. 
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Parameters evaluation

	 Blood samples were immediately sent to 
laboratory analysis.  Urea and creatinine levels 
were measured on Selectra-E auto analyzer. 
The left kidney was cut longitudinally in two 
halves, fixed in 10% formaldehyde, embedded 
in paraffin, and stained using hematoxyline/
eosine. Multiple sections were analyzed with 
regard to the glomerulus and tubules injury.
	 Total number of glomeruli per field as 
well as damaged glomeruli has been accounted 
for. Glomeruli were considered normal 
whenever capillary loops were open, with 
thin walls and whenever there was no content 
inside the Bowman’s capsule. On the other 
hand, glomeruli were considered as damaged 
whenever they presented a contraction 
of glomerular tuft with approximation of 
structures, contents inside the Bowman’s 
capsule or vacuolization of endothelial cells. 
The degree of glomerular lesion has been 
characterized as: 0- No damage; 1-light (up to 
25% of damaged glomeruli); 2-moderate (26% 
to 50% of damaged glomeruli); 3-sharp (51% 
to 75% of damaged glomeruli); severe (above 
75% of damaged glomeruli)25.
	 Tubules were considered damaged 
when there was either severe tubular lysis, loss 
of brush border, and sloughed debris in tubular 
lumen space. Tubular damage was graded at: 
0: no damage; 1: 0–25% damaged tubules; 2: 
25–50% damaged tubules; 3: 50–75% damaged 
tubules; 4: >75% damaged tubules25.

Statistics 

	 Analysis of variance (ANOVA), followed 
by Tukey post-hoc tests correction, was 
performed to analyze urea and creatinine. 
Kruskal-Wallis, followed by Student-Newman-
Keuls correction, was used to analyze the 
histological parameters. Statistical significance 
was assumed at p<0.05.

■■ Results

	 During the procedure, no animal died 
or were performed resuscitation maneuvers. 
Table 1 shows the mean of urea and creatinine 
serum levels. From the urea serum level, IR 
showed the highest level when compared to 
all groups. PER and PER+POS obtained better 
results than IR and POS groups (p<0.05), and 
not show difference in comparison to SHAM. 
POS obtained better results than IR (p<0.05). 
PER and PER + POS groups obtained similar 
values (p=0.49).
	 The IR group had the highest creatinine 
levels compared to all other groups (p<0.001); 
POS group obtained worse results than the PER 
and PER + POS group (p<0.01); PER and PER + 
POS groups obtained similar values (p=0.88).

Table 1 - Mean urea and creatinine serum level 
of each group.
Group Urea Creatinine
Normality 72.16 ±7.13 0.30 ±0.30
Sham 86.18 ±11.95 1.14 ±0.34
Ischemia-Reperfusion 216.30 ±7.17 2.06 ±0.34
Postconditioning 137.84 ±6.81 1.38 ±0.21
Perconditioning 83.74 ±14.58 0.72 ±0.11
Per+Postconditioning 100.24 ±12.40 0.71 ±0.10
p<0.01 Ischemia-Reperfusion vs. all groups
p>0.05 Perconditioning vs. Per+Postconditioning

	 Table 2 shows the results of the 
histopathological analysis (Figure 2). PER 
showed better glomerulus and tubules 
structure than the IR group (p<0.01). POS 
showed only better glomerulus structure 
than the IR group (p<0.01). PER+POS had no 
statistical difference when compared to the IR 
group in both glomerulus (p=0.09) and tubules 
(p=0.11) grading.
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Table 2 - Average histopathological scores.
Group Glomerular 

lesion
Tubular 
damage

Normality 0.00 ±0.00 0.00 ±0.00
Sham 0.40 ±0.54 0.40 ±0.89
Ischemia-Reperfusion 3.80 ±0.44 3.60 ±0.54
Postconditioning 2.00 ±0.70 2.80 ±0.83
Perconditioning 1.80 ±0.44 1.60 ±0.89
Per+Postconditioning 2.40 ±0.89 2.80 ±0.83
p<0.01 Ischemia-Reperfusion and Sham vs all groups
p>0.05 Perconditioning vs Per+Postconditioning

■■ Discussion

	 Perconditioning is the newest 
technique described to mitigate IR injury 
in many tissues15,18,20. Our study is the first 
evaluate of the potential protective effect of 
PER alone or combined with POS on kidney 
IR-induced injury, that only be test before in 
myocardium15,20, brain17,26, and liver18.
	 Creatinine is a good measurement 
of kidney filtration being a parameter for 
glomerular function27. All tissue conditioning 
techniques were able to protect glomerular 
function. PER and PER+POS showed similar 
values. POS shows an urea serum level worse 
than PER. Since urea excretion occurs through 
glomerular filtration (40%) and tubular 
secretion on Henle Loop (60%)28, then we 
hypothesize that PER is giving protection 
to both glomerulus and tubules, but POS 
is only protecting glomerular function. The 
histological analysis shows results similar 
to those identified in the analysis of serum 
urea and creatinine and confirming the initial 
conclusions, similar data was find by Chen et 
al.29.
	 The vascular anatomy of kidney is 
unique22,30 where glomerulus receive blood 
supply prior to medullar area (tubulus), being 
very different from the heart or liver vascular 
anatomy; myocites have also different cell 
biology. Our findings that PER might confer 

protection to the glomerulus and tubules and 
POS only to the glomerulus, support that tissue 
conditioning techniques might work in a tissue 
dependent manner.
	 We could clearly detect that there was 
no additional effects when both techniques 
were held together. The association had slightly 
worse outcome that could be of statistical 
significance in a larger series. We suggest 
that the complementary postconditioning 
cycles might lead to additional tissue damage, 
in opposition to the expected additional 
protection, or at least act in the same pathway, 
saturating it18. So, we can also conclude that 
PER is the best tissue conditioning for kidney 
ischemia and reperfusion syndrome. 
	 Mechanisms underlying PER and POS 
protective effects are barely understood, they 
probably act in different pathway depending on 
the target organ. In brain27 and myocardium31, 
the combined of per and postconditioning 
showing a positive synergism; however, in 
liver18 there no additional effect, similar to the 
find of this study.
	 The finds of this study show that for 
kidney IR syndrome the perconditioning have a 
better protecting effect than postconditioning 
alone or combined. Based on fact that 
perconditioning is performed in a distant 
tissue, is a non-invasive procedure and do not 
increase the surgical time, thus does not require 
direct access to the artery and could be easily 
applied during the surgery or endovascular 
surgery15-19; this ischemic conditioning must be 
test in human IR syndromes20,31. However, new 
studies aim to understanding the mechanism 
are need32. 
	 We tested three cycles of 5 min of 
reperfusion followed by 5 min ischemia, interval 
referred to previous literature18,22,32. Whether, 
the ischemic per and postconditioning plays its 
role in an ‘on–off’ style or a ‘dose-dependent’ 
one22,32,33 was not fully elucidated in this study. 
Five min may not afford maximal protective 
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effect against renal IR injury if ischemic 
conditioning was a ‘dose-dependent’ one; and 
that can influence direct on the result of the 
combined effect, mainly if one conditioning is 
minimized. Thus, the exact number of optimal 
interval and cycles need to be investigated; and 
with this interval, new studies combining both 
techniques could be performed.

■■ Conclusions

	 Perconditioning had promising 
results on ischemia and reperfusion induced 
kidney injury, enhanced kidney function and 
protected glomerulus and tubules. There was 
no additive protection when postconditioning 
and perconditioning were combined.
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