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ABSTRACT
PURPOSE: To determine the gene expressions profile related to the oxidative stress and the antioxidant response in the kidneys of mice 
subjected to intestinal ischemia and reperfusion. 
METHODS: Twelve inbred mice (C57BL/6) were randomly assigned to one of two groups: the control group (CG) underwent anesthesia 
and was observed for 120 min and the ischemia/reperfusion group (IRG), animals were anesthetized and subjected to laparotomy and 
ischemia for 60 minutes followed by 60 minutes of reperfusion. The expressions of 84 genes from the kidney were determined by the 
Reverse Transcription qualitative Polymerase Chain Reaction (RT-qPCR). All genes that were up regulated by more than threefold using 
the algorithm [2(ΔΔCt)] were considered statically significant (p≤0.05).
RESULTS: In the IRG group 29 (34.52%) of 84 genes, were up regulated by more than threefold. The genes that were differentially 
up regulated in the glutathione peroxidase cluster (10 genes): were Gpx2 and Gpx7. The genes that were up regulated in the peroxidase 
cluster (16 genes) were following: Duox1, Epx, Lpo, Mpo, Ptgs2, Rag2, Serpinb1b, Tmod1 and Tpo. The genes that up regulated in the 
reactive oxygen species cluster (16 genes): Il19, Il22, Nos2, Nox1, Noxa1, Noxo1, Recql4 and Sod2. The genes that were up regulated 
in the oxidative stress cluster (22 genes) were: Mpp4, Nudt15, Upc3 and Xpa. The genes that were up regulated in the oxygen carriers 
cluster (12 genes) were: Hbq1, Mb, Ngb, Slc38a1 and Xirp1. The peroxiredoxins genes (10) showed no consistent differential regulation.
CONCLUSION: The genes related to oxidative stress and antioxidant defense showed increased expression in renal tissue trigged 
intestinal ischemia and reperfusion.
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Introduction

Ischemia-reperfusion (IR) injury occurs when a tissue 
is temporarily deprived of blood supply and the return of the 
circulation triggers an intense inflammatory response1-3. Ischemia 
can be caused by either arterial or venous occlusion leading to 
blood stasis in the affected vascular bed3. Although oxygen is a 
critical substrate in the improvement of ischemia, paradoxically, it 
also functions as a deleterious metabolite during the reperfusion of 
previously ischemic tissues1-3.

Intestinal IR is a common clinical problem after small 
bowel transplantation, circulatory shock and strangulation ileus. IR 
causes intestinal dysfunction characterized by histological mucosa 
damage, decreased basal membrane integrity and impairment of 
barrier function1. The intestinal injuries triggered by ischemia also 
persist during reperfusion and involve activation of cytotoxic and 
inflammatory cascades and the expression or suppression of new 
gene products1-4. Although the molecular mechanisms underlying 
acute intestinal injury and repair after IR have not been completely 
elucidated, it is known that reactive oxygen species (ROS) play a 
role in acute intestinal injury after IR, in local tissue and in remote 
organs. Therefore, intestinal IR promotes inflammation and multi-
organ failure (MOF)3-6. Both, ROS and inflammatory cytokines 
play a role in kidney injury after IR intestinal6. 

In the kidney the most prominent changes following 
IR are the swelling of endothelial cells and the destruction of 
mitochondrial cristae in the endothelial cells of glomerular 
capillaries and the epithelial tubular cells. Additionally, blood urea 
has been shown to increase as the inulin clearance decreases6.

Experiments with free radical scavengers have shown that 
DNA damage is dependent on ROS generation. Oxidative stress 
generated directly by ROS or through lipoperoxidation products, 
can initiate the activation of specific transcription factors and the 
expression of appropriate target genes in response to the injury1-6. 
Understanding the interrelationships of these genes is important 
for identifying potential targets for therapeutic intervention against 
intestinal IR5.

This study focused on analyzing gene expression 
associated with the oxidative stress and oxidative defense in 
kidney tissue after IR of small bowel. Herein, we have employed 
RT-qPCR (Reverse Transcriptase-quantitative Polymerase 
Chain Reaction)7 array technology which is a powerful tool 
to simultaneously analyze gene expression in the kidney. The 
objective was to determine the profile of gene expressions related 
to oxidative stress and antioxidant response in the kidneys of mice 
subjected to intestinal ischemia and reperfusion.

Methods

The experimental protocol (#1598/08) was approved 
by the Ethics Committee of the Sao Paulo Federal University 
(UNIFESP), Brazil. Inbred mice (C57BL/6) were maintained 
according to the Guide for The Care and Use of Laboratory 
Animals (Institute for Laboratory Animal Research, 1996). The 
study was designed as a randomized controlled trial with a blinded 
assessment of the outcome. 

Twelve male inbred C57BL/6 mice (Center for the 
Development of Experimental Models for Medicine and Biology 
- CEDEME-UNIFESP) that weighed from 30 to 35 g were housed 
under temperature and light controlled conditions. The animals 
had free access to water and standard pellet chow until 6 hours 
prior to the surgical procedures. 

The animals were randomly assigned to one of two 
groups: the control group (CG) animals were anesthetized and 
received laparotomy and were then observed for 120 min, while 
the ischemia/reperfusion group (IRG) animals were to anesthetized 
and then received laparotomy and 60 min of small bowel ischemia 
followed by 60 min of reperfusion.

Anesthesia and surgical procedures

After 6h of fasting from a solid diet and 4h from a liquid 
diet, the animals received a combination of 44 mg/kg of ketamine 
i.m, 2.5 mg/kg of xylazine i.m. and 0.75 mg/kg of acepromazine 
i.m. Anesthesia was maintained with an open oxygen mask. 
The animal body temperature was maintained at 37.8oC using a 
homoeothermic soft blanket. Under aseptic conditions, all 12 
animals underwent a midline laparotomy. The superior mesenteric 
artery was carefully dissected and then occluded by a vascular 
clamp for 60 minutes. Ischemia was confirmed by observing the 
pale appearance of the clamped small bowel and the absence 
of beats in the mesenteric artery branches. After the clamp was 
removed, reperfusion was evaluated based on immediate color 
recovery and artery beats (x4 magnification device). The surgical 
wounds remained covered with wet gauze wrappings throughout 
the experiment to minimize evaporative loss. After 120 min in the 
CG group and 60 min after the reperfusion in the IRG group, the 
surgical wounds were opened and samples were collected from the 
left kidney. The samples were harvested in the less than one and 
half minutes and the frozen in liquid nitrogen. After the samples 
were collected, the animals were sacrificed by decapitation.
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RNA preparation (RT-qPCR) 

RT² Profi ler™ PCR array from SA Biosciences 
(Frederick, Maryland; cat # PAMM-065) was performed for mouse 
oxidative stress and antioxidant defense pathways according to the 
manufacturer’s protocol. Briefl y, total RNA was extracted from 
CG group and IRG group kidney tissues using Trizol reagent 
(Life Technologies, Grand Island, NY, USA). The RNA was then 
purifi ed (Rneasy MiniKit Qiagen Co, USA). The concentration 
of total RNA samples was determined by spectrophotometry 
and the quality was assessed using analysis on a 2% agarose gel. 
One microgram of total RNA was used to make the fi rst strand 
complementary DNA (cDNA) using a RT2 First Strand Kit (SA 
Biosciences). An equal amount of cDNA was mixed with SYBR 
Green (SA Biosciences Qiagen, Co) and dispensed in to each well 
of the PCR array plate containing the pre-dispensed gene-specifi c 
primer sets. The PCR was performed according to manufacturer’s 
instructions. The PCR was performed in 96 well plates with 84 
genes related to oxidative stress, fi ve housekeeping genes (Actin 
B, Gapdh, Hsp90ab1, Hprt1, Gusb) were used for normalizing 
the PCR array data, and one negative control was used to monitor 
for genomic DNA contamination. The negative control primer 
set specifi cally detects non-transcribed, repetitive genomic DNA 
with a high level of sensitivity. The PCR array also contained 
three wells of reverse transcription controls (RTC) to verify the 
effi ciency of the RT reaction. The qPCR assay specifi cally detects 
template synthesized from the fi rst strand synthesis kit’s built-in 
external RNA control. The replicate positive PCR controls (PPC) 
were used to check the effi ciency of the polymerase chain reaction. 
These elements use a pre-dispensed artifi cial DNA sequence and 
the primer set that detects it. The two sets of replicate control wells 
(RTC and PPC) also test for inter-well and intra-plate consistency. 
The instrument’s software (MxPro Equipment Real Time Systems, 
Stratagene, GE, Co) calculates the threshold cycle (Ct) values for 
all the genes in the array. Finally, the software calculates fold 
changes in gene expression for pair wise comparison using the 
ΔΔCt method from the raw threshold cycle data. This method 
was used in our study to determine the relative expression levels 
of genes of interest for each sample. The data were stored in a 
spreadsheet for analysis using PCR Array Data Analysis v3.3 (SA 
Biosciences Qiagen, Co).

Statistical analysis

Gene expression data for each sample was evaluated 
in triplicate. The Student t test (p<0.05) was used to validate the 

homogeneity of the expression of each gene. For comparisons 
between the two groups, the computer program calculated the 
variation of cycle quantifi cation (Ct) in the study group compared 
to the quantifi cation cycle (Ct) in the control group. The data were 
expressed as in logarithmic base (2) and expression was calculated 
using the formula 2^(ΔΔCt). We considered genes with statistically 
signifi cant changes expression and a threshold with more or less 
than a threefold up regulation or down regulation.

Results

The scatter plot (Figure 1) shows the up regulation and 
down regulation fold change between the test sample and controls 
in the 84 genes investigated.

FIGURE 1 - Scatter plot allows the visualization of the up regulation and 
down regulation of all the genes whose expression was investigated. The 
black line indicates fold changes [(2^(ΔΔCt)] of 1. The pink lines indicate 
a threefold-change in the gene expression threshold.

Eighty-four genes were examined in the kidneys of inbred 
mice affected by oxidative stress, following intestinal ischemia 
and reperfusion. Twenty-nine genes (34.5%) were up-regulated 
and zero (0%) were down-regulated. The gene identifi cation 
abbreviation (alphabetical order), description, p-value and 
expression the threshold of gene with a more or less than threefold 
up regulation or down regulation is shown in Table 1.



Expression of oxidative stress and antioxidant defense 
genes in the kidney of inbred mice after intestinal ischemia and reperfusion

Acta Cirúrgica Brasileira - Vol. 28 (12) 2013 - 851

TABLE 1 - Distribution of 29 genes among the 84 genes investigated in the kidney with a threefold-change in the gene 
expression threshold in animals subjected to 60 min of ischemia of the small intestine and 60 min of reperfusion compared to the control 
group without ischemia/reperfusion (*=significant p<0.05).

# Gene Gene 
Symbol Gene Description IRG Kidney P- value

1 NM_001081339 Xirp1 Xin actin-binding repeat containing 1 +22.16* 0.000146

2 XM_130483 Duox1 Dual oxidase 1 +16.61* 0.001468

3 NM_007946 Epx Eosinophil peroxidase +22.16* 0.000278

4 NM_030677 Gpx2 Glutathione peroxidase 2 +10.30* 0.000319

5 NM_024198 Gpx7 Glutathione peroxidase 7 +22.85* 0.001398

6 NM_175000 Hbq1 Hemoglobin. theta 1 +3.04* 0.000005

7 NM_001009940 Il19 Interleukin 19 +13.63* 0.000001

8 NM_016971 Il22 Interleukin 22 +23.25* 0.000000

9 NM_080420 Lpo Lactoperoxidase +10.15* 0.002306

10 NM_013593 Mb Myoglobin +3.85* 0.008002

11 NM_010824 Mpo Myeloperoxidase +33.22* 0.002131

12 NM_145143 Mpp4 Membrane protein. Palmitoylated 4 (MAGUK p55 
subfamily member 4) +5.79* 0.001089

13 NM_022414 Ngb Neuroglobin +19.75* 0.000652

14 NM_010927 Nos2 Nitric oxide synthase 2. inducible +9.12* 0.000000

15 NM_172203 Nox1 NADPH oxidase 1 +5.46* 0.000065

16 NM_172204 Noxa1 NADPH oxidase activator 1 +4.27* 0.006419

17 NM_027988 Noxo1 NADPH oxidase organizer 1 +3.98* 0.000001

18 NM_172527 Nudt15 Nudix (nucleoside diphosphate linked moiety X)-type 
motif 15 +6.27* 0.000999

19 NM_011198 Ptgs2 Prostaglandin-endoperoxide synthase +7.28* 0.000013

20 NM_009020 Rag2 Recombination activatinggene 2 +40.34* 0.001067

21 NM_058214 Recql4 RecQ protein-like 4 +29.12* 0.000000

22 NM_173052 Serpinb1b Serine (or cysteine) peptidase inhibitor. clade B. 
member 1b +3.04* 0.056015

23 NM_134086 Slc38a1 Solute carrier family 38. member 1 +4.48* 0.000080

24 NM_013671 Sod2 Superoxide dismutase 2. mitochondrial +289.82 0.031608

25 NM_021883 Tmod1 Tropomodulin 1 +3.38* 0.006358

26 NM_009417 Tpo Thyroid peroxidase +19.28* 0.000152

27 NM_009464 Ucp3 Uncoupling protein 3 (mitochondrial. proton carrier) +4.10* 0.000738

28 NM_011728 Xpa Xeroderma pigmentosum. complementation group A +4.79* 0.002005

29 XM_127602 Zmynd17 Zinc finger. MYND domain containing 17 +12.63* 0.000004
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The six major functional gene clusters examined by the 
RT-qPCR kit were subjected to hierarchical clustering analysis 
using the [(2^(ΔΔCt)] method from the raw threshold cycle data 
(Table 2).

# Cluster No.genes Genes Up-regulated N / (%)

1 Glutatione Peroxidases 
(Gpx): 10 Gpx1, Gpx2, Gpx3, Gpx4, Gpx5, Gpx6, Gpx7, 

Gpx8, Gstk1, Gsr. Gpx2 , Gpx7 2 (20.0%)

2 Peroxiredoxines (Prdx): 8 Ehd2, Prdx1, Prdx2, Prdx3, Prdx4, Prdx5, 
Prdx6, Prdx1rs1. None 0 (0%)

3 Peroxidases (Pox) 16

Aass, Apc, Cat, Ctsb, Duox1, Epx, Lpo, 
Mpo, Ptgs1, Ptgs2, Rag2, RGD1560658 

(Serpinb1b), RGD1565187 (Kif9), Slc41a3, 
Tmod1, Tpo.

Duox1, Epx, Lpo, 
Mpo, Ptgs2, Rag2, 
Serpinb1b, Tmod1, 

Tpo 9 (10.7%)

4  Reactive oxygen species         
(Ros) 16

Ccs, Cyba, Fmo2, Il19, Il22, Ncf2, Nos2, 
Nox1, Nox4, Noxa1, Noxo1, Recql4, Scd1, 

Sod1, Sod2, Sod3.

Il19, Il22, Nos2, 
Nox1, Noxa1, Noxo1, 

Recql4, Sod2 8 (50.0%)

5 Oxidative stress (Eox) 22

Als2, Apoe, Ercc2, Ercc6 Gab1, Idh1, Mpp4, 
Nqo1, Nudt15, Nxn, Park7, Ppp1r15b, Prnp, 

Psmb5, Srxn1, Txnip, Txnrd1, Txnrd2, 
Txnrd3, Ucp3, Xpa, Zmynd17.

Mpp4, Nudt15, Ucp3, 
Xpa, Zmynd17 5 (22.7%)

6 Oxygen transporters 
(Trox) 12

Aqr, LOC367198 (Atr), Cygb,  Dnm2, Fancc, 
Hbq1, Slb (Ift172),  Mb, Ngb, Slc38a1, Vim, 

Xirp1.

Hbq1, Mb, Ngb, 
Slc38a1, Xirp1 5 (41.6%)

TOTAL 84 
(100%) 29 (34.52%)

Discussion

Our data show that intestinal ischemia followed 
by reperfusion promoted a statistically significant increased 
expression in 29 (34.5%) of 84 genes in the kidney related to the 
oxidative stress and antioxidant defense (Table 1 and Figure 1). 
The findings suggest that IR plays a pivotal role in the expression 
of genes encoding proteins involved in the generation and 
modulation of ROS.

Previous reports have shown that the kidney is injured 
under conditions of ischemia triggered in remote organs. The 
main morphological changes that occur in the kidney are swelling 
of endothelial cells, destruction of mitochondrial cristae in the 

endothelial cells of the glomerular capillaries and epithelial tubular 
cells. Additionally, functional changes are caused by increased 
blood urea nitrogen and decreased inulin clearance6,8.

The initial lesion in intestinal tissue promotes the 
recruitment of cells such as neutrophils and the release of 
various mediators including complement, vasoactive mediators, 
eicosanoids, nitric oxide and inflammatory cytokines that can act 
in remote organs3,4,9. The molecular mechanisms underlying acute 
intestinal injury after IR have not been fully elucidated. However, 
oxidative stress may be the most relevant, not only locally but also 
in remote organs, such as the kidney.

Studies have shown proteins that function together in a 

TABLE 2 - Distribution of the clusters and numbers of genes in the cluster, as well as the gene abbreviations and the respective 
threefold-change in up regulation of oxidative stress gene expression in the kidney of mice that was triggered by intestinal ischemia and 
reperfusion.
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pathway or structural complex are likely to evolve in a correlated 
manner. The proteins that have matching profiles or similar trends 
are functionally linked10. Determining protein functions from 
genomic sequences is a key challenge. Therefore, we analyzed 
our data by grouping genes according to their similarity based on 
known activity in biochemical pathways. Such clusters are readily 
accessible using universal primers and are typically present 
in high copy number in the cell. The genes in a cluster, often 
exhibit sequence divergence that allows for the design of specific 
primers. This study used our current knowledge to elucidate this 
relationship1.

The data collected in this study support the conclusion 
that intestinal ischemia followed by reperfusion is a phenomenon 
that is closely related to reactive oxygen species. The local 
changes in the bowel promoted a humoral and cellular spread to 
the blood stream, which affects the expression of genes related to 
the generation and modulation of ROS in renal tissue.

There are currently no reports investigating the association 
of gene expression with intestinal ischemia and renal remote 
injury. Thus, this study was based on the available literature on the 
expression of genes. Grouping the genes into clusters enabled the 
detailed analysis of the relationships between genes that encode 
proteins with a deleterious or protective role in renal tissue.

Glutathione peroxidases play a pivotal role in the 
protection against the noxious activity of ROS. They are present 
in the most animal cells and promote the reduction of lipid 
hydroperoxides in the alcohols and oxidants of hydrogen peroxides 
(H2O2) in free water by removing the ROS from the interior of 
the cells. The rate of reduction of glutathione to the oxidizing 
form can be used as a monitor of cellular toxicity11. Our results 
show that only the expression two isoforms (Gpx2 and Gpx7) are 
significantly increased. Gpx2 is a selenium dependent enzyme that 
is located in the gastrointestinal tract that responds to oxidative 
stress12, whereas Gpx7 is associated with decreased oxidative 
stress metabolism of polyunsaturated fats11,13.

The peroxiredoxins represent an important family of 
proteins that are related to the thiol-peroxidases and are present in 
all known organisms. These proteins have an antioxidant function 
and can, reduce H2O2, organic peroxides and peroxinitrite to 
water, alcohol and nitrite. The peroxiredoxinas are associated with 
both antioxidant protection and redox signaling14,15. Our results 
from the gene expression analysis in kidney tissue were within 
the normal range of thresholds in all study groups. This indicates 
that the metabolic pathways for reducing oxidative stress do not 
require the synthesis of the proteins encoded by these genes.

Peroxidases are a large family of catalyst enzymes that 

use hydrogen peroxide as a substrates. However, the enzymes can 
also use of organic hydroperoxides as substrates. The enzymes play 
an important role in modulating oxidative stress17. Of the sixteen 
peroxidases examined nine (56.2%) were up-regulated by more 
than threefold (Duox1, Epx, Lpo, Mpo, Ptgs2, Rag2, Serpinb1b, 
Tmod1, Tpo). Each of these genes has a specific metabolic 
pathway and performs a variable action in different tissues. The 
scope of our research is aimed at mapping the overall expression 
of these genes and our results open new areas of investigation for 
upcoming studies.

Most of the oxygen consumed by aerobic organisms is 
reduced to water. A significant proportion of molecular oxygen 
ions are converted to superoxide anion radicals such as oxygen 
ions and peroxides, which are highly chemically reactive due to the 
presence of unpaired electrons producing the ROS1,17. These ROS 
can increase dramatically in hypoxic conditions and are activated 
as endogenous defense mechanisms to maintain the cellular 
homeostasis. The expression of genes critical to tissue oxygen 
consumption may signal either favorable effects or worsening 
tissue conditions17. The effect of ROS in cell metabolism has 
been well documented in various organs and tissues in many 
species. There are reports of their function directly in the process 
of apoptosis in response to the expression defense genes1,3,17. In 
our study, eight (50%) of the genes in the ROS cluster surveyed 
were above the threefold up regulation threshold (Il19, Il22, Nos2, 
Nox1, Noxa1, Noxo1, Recql4, Sod2). Most of these genes are 
known to be involved in antioxidant defense. The mapping of gene 
expression allows these genes to be further investigated in future 
research.

Oxidative stress results from the imbalance between the 
production of ROS and the ability of natural biological defense 
mechanisms to prevent or reduce harmful effects to cells by 
repairing the damage caused by oxidative stress17,18. The toxic 
effects are caused by the production of oxygen free radicals 
that damage cellular components (protein, lipids and DNA) 
in situations where increased levels of oxidative stress exceed 
physiological barriers of defense. The severity of the stress is 
related to the strength of that stimulus and the time of action of that 
stimulus. The results of the imbalance can range from repairing 
damage to reverse the actions induced cell death by apoptosis 
or necrosis17-19. The analysis of 22 genes involved in oxidative 
stress cluster of showed that five (22.7%) of the genes were up-
regulated by threefold (Mpp4, Nudt15, Ucp3, Xpa and Zmynd17). 
Quantitatively, the number of up-regulated genes was relatively 
small and the threefold change in the gene expression threshold 
was lower than for other genes in the ROS family. It is possible 
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that ischemia and reperfusion is not a consistent stimulate or of 
oxidative stress in the kidneys.

The cluster of oxygen transporters are formed by genes 
encoding various chemical classes, and the various stages of 
transport of the gas involves several steps. Many parts of the 
pathway are unclear and there is no consensus regarding the 
understanding of metabolic pathways and the importance of 
each step. The transport of oxygen is related to the ability to link 
hemoglobin and erythrocytes transported to the capillaries. Inside 
the red blood cell hemoglobin molecules undergo performance 
changes to meet specific physiological requirements1. The capacity 
of oxygen that can be absorbed by cells is dependent on carriers and 
pores that may open and close according to intra and extracellular 
stimuli. In tissues, modulation mechanisms are used to perform 
a variety of other features in relation to the basic function of 
oxygen transport1,20,21. Our results show that five (41.2%) oxygen 
transporter genes were up-regulated threefold (Hbq1, Mb, Ngb, 
Slc38a1, Xirp1). The regulation of oxygen transport to the kidney 
cells is affected by the stimulus at a distance when triggered by 
intestinal ischemia. Additional research to elucidate this process 
should be based on our expression mapping data.

Using an RT-qPCR array containing, 84 genes related 
to oxidative stress and antioxidant defense allowed us to evaluate 
the stimulus of ischemia and reperfusion on renal tissue in inbred 
mice. The results indicate a clear expression profile of these 
genes. A literature review showed no other work involving this 
type of model. Our mapping strategy opens the possibility of 
further studies to evaluate each of these genes or their clusters. 
Additionally, future studies will be able to compare of the use of 
different drugs and antioxidants, scavengers of ROS, ischemic 
preconditioning procedures and hyperbaric oxygen and other 
procedures that are used to mitigate or eliminate the effects of 
intestinal ischemia and reperfusion injury on the kidney tissue. 
This report may also facilitate the identification of conditions to 
monitor intestinal transplants.

Conclusion

The genes related to oxidative stress and antioxidant 
defense showed increased expression in renal tissue triggered by 
intestinal ischemia and reperfusion.
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