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Abstract

Purpose To establish a rat model of acute ischemic

kidney injury by continually occluding the bilat-

eral renal artery and renal veins, the functions of

a-epithelial Na? channel (a-ENaC) and aquaporin

(AQP1) in lung injury induced by acute kidney injury

(AKI) were examined and compared with lung injury

induced by endotoxin.

Methods Male Wistar rats were randomly divided

into three groups: control group, AKI group, and

sepsis group. The concentrations of AQP1 and

a-ENaC in the lung tissue were detected. The concen-

trations of interleukin-6 (IL-6) and tumor necrosis

factor-a (TNF-a) in the serum and bronchoalveolar

lavage fluid were also detected.

Results The arterial blood pH in AKI group and

PaO2 in sepsis group decreased 2 h after the experi-

ment. A significant pulmonary interstitial and alveolar

space edema, which showed a typical pathological

change in acute lung injury, was found in AKI and

sepsis group 8 h after the experiment. Two hours after

the experiment, the concentration of TNF-a and IL-6

in the serum and bronchoalveolar lavage fluid (BALF)

in AKI and sepsis group increased, whereas the

pulmonary expression of AQP1 and a-ENaC

decreased. The pulmonary AQP1 and a-ENaC of the

rats were negatively correlated with TNF-a and IL-6

in BALF. The relevance among AQP1, a-ENaC, TNF-

a, and IL-6 in sepsis group was higher than that in AKI

group.

Conclusion The TNF-a and IL-6 levels increased

significantly and the pulmonary expression of AQP1

and a-ENaC declined at the early stage of AKI.

Keywords Acute kidney injury � Acute lung injury �
Cytokine � Aquaporin � Lung epithelial Na? channel

Introduction

Acute kidney injury (AKI) is one of the common and

complicated clinical problems. Approximately 30 %

of critically ill patients are accompanied with AKI.

Studies have proven that 5–6 % of intensive care unit

patients are accompanied with AKI and require renal

replacement therapy [1]. Despite the continuous

improvements in dialysis and advanced treatments,

the mortality of AKI remains as high as 40–60 %.

Clinical studies have confirmed that the high mortality

of AKI is closely related to acute lung injury (ALI) or

acute respiratory distress syndrome (ARDS), which

are complications of AKI [2, 3]. However, the

mechanism by which AKI induces ALI remains

obscure.
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Tumor necrosis factor (TNF)-a is one of the first

and the most important inflammatory mediators in

inflammatory responses. Cytokines such as TNF-a and

interleukin (IL)-6 constitute an inflammatory cell

network and participate in the pathological process

of trauma and many inflammatory diseases [4]. In

ALI/ARDS induced by different animal models, the

contents of TNF-a and IL-6 in serum, lung BAL fluid

increased [5–8]. Studies have confirmed that inflam-

matory mediators vary in early-stage AKI patients [9–

12], which may be the mechanism of AKI in inducing

a distant organ injury. ALI is a diffuse lung injury

characterized by noncardiogenic pulmonary edema,

increased permeability of the endothelium and the

alveolar epithelium, and decreased alveolar fluid

clearance. Alveolar fluid clearance has two forms,

namely active and passive transport, of which the

former plays a major role. The active transport system

for the Na?/H2O of the alveolar epithelium consists of

epithelial Na? channels (ENac), Na?–K?–ATPase,

and aquaporin. In addition, recent studies have con-

firmed that aquaporin 1 (AQP1) and lung a-epithelial

Na? channel (a-ENaC) have important functions in

maintaining the balance of liquid in the alveolar space.

That is, the expressions of AQP1 and Na? channel

protein decline in ALI, which could induce ALI [13–

16].

Current studies have found that AKI leads to

changes in cytokines, inflammatory mediators, AQP1,

and Na? channel protein, thereby inducing ALI. Rabb

et al. [17] reported that the expression of AQP and

sodium channel protein decreased in acute renal

failure and acute lung injury was induced. However,

the mechanism behind the induction is not explicitly

illustrated. In addition, the relevance among cyto-

kines, AQP1, and Na? channel protein, as well as the

difference between ALI induced by AKI and ALI

induced by common clinical etiology (e.g., ALI

induced by sepsis), remains unknown. The present

study observes the change rule in IL-6, TNF-a, AQP1,

and Na? channel protein, explores the pathological

mechanism of AKI-induced ALI, and compares the

differences in pathological mechanism between AKI-

induced and endotoxin-induced ALI.

Previous studies of acute lung injury induced by

acute kidney injury, the model of acute kidney injury,

are mostly induced by unilateral or bilateral renal

artery clipped a certain number of minutes and then

removed to make a model of ischemia–reperfusion

injury or bilateral nephrectomy [10–12]. Renal ische-

mia–reperfusion injury may cause acute kidney injury,

but ischemia–reperfusion injury can also cause acute

lung injury. Therefore, acute lung injury induced by

renal ischemia–reperfusion injury does not mean that

change is caused by acute kidney injury itself, is also

caused due to ischemia–reperfusion injury. Bilateral

nephrectomy can rule out the interference of a model

of ischemia–reperfusion injury, but the experimental

method would make the rat wounds larger, experi-

mental manipulation is more difficult. In the present

study, we used the method of clipping bilateral renal

artery and vein to simulate bilateral nephrectomy, to

create a model of acute kidney injury, to avoid an

excessive surgical trauma, simple experiment opera-

tions. In addition, acute lung injury caused by

ischemia reperfusion injury was reduced to the

maximum extent.

Materials and methods

Animal models

Ninety male Wistar rats weighing 300–320 g were

provided by the Experimental Animal Center of China

Medical University. This study was performed strictly

in accordance with the recommendations of the Guide

for the Care and Use of Laboratory Animals of the

Table 1 Grouping of the rats

Group Empirical method

Control Normal control group: A midline abdominal incision was performed, and bilateral renal artery and renal veins were

separated and not ligated; 2 ml saline was intraperitoneal injected

AKI AKI group: A midline abdominal incision was performed, and bilateral renal artery and renal veins were separated and

continually occluded; 2 ml saline was intraperitoneal injected

Sepsis Endotoxin group: A midline abdominal incision was performed, and bilateral renal artery and renal veins were separated

and not ligated; 2 ml endotoxin (SIGMA) was intraperitoneal injected (5 mg/kg)
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National Institutes of Health. The animal use protocol

was reviewed and approved by the Institutional

Animal Care and Use Committee of the First Hospital

of China Medical University.

The rats were anesthetized with 5 % chloral hydrate

(300 mg/kg) and then subjected to tracheotomy. The

arteria cervicalis and jugular vein of the rats were

punctured, and a catheter was indwelled. Respiratory

frequency, heart rate, systolic pressure, diastolic

pressure, mean arterial blood pressure, and central

venous pressure were monitored. As shown in

Table 1, the rats were randomly divided into three

groups 30 min after reaching a stable state.

Specimen collection

After the models were established, the rats in each

group were sacrificed at 0, 2, 4, 6, and 8 h after the

experiment started, with six rats for each time. Venous

blood sample was collected to detect the cytokine. The

chest was opened to expose the lungs, and broncho-

alveolar lavage was given thrice to the left lung with

3 ml phosphate-buffered saline. The collected BALF

was merged, and cytokines for detection were cryo-

preserved. The right lung lobes were preserved at

-80 �C to detect AQP1 and a-ENaC.

IL-6 and TNF-a detection

The IL-6 and TNF-a levels in the blood serum and

BALF were detected using double antibody sandwich

ELISA. The detection was performed according to the

manufacturer’s instructions (Shanghai Senxiong Bio-

tech Industrial Corporation, Shanghai, China).

AQP1 detection

The chest was opened to remove the right lung lobe

that was rapidly cryopreserved with liquid nitrogen.

The homogenate was prepared, and then, the lung

AQP1 concentration was detected using double anti-

body sandwich ELISA. The detection was performed

according to the manufacturer’s instruction (Uscnlife

Company).

Western blot

Protein was extracted from the right lung lobe and

preserved at -80 �C after the protein concentrationT
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was detected. The protein sample (100 lg) was

electrophoresed in 12 % SDS-PAGE gel, which was

stopped when the interest protein approached the end

of the gel. Subsequently, the protein was transferred to

PVDF membranes under a constant voltage of 120 V

at 4 �C. The membranes were sealed with 5 %

skimmed milk powder at room temperature for 1 h.

a-ENac first antibody at a dilution of 1:1,000 and

GAPDH (an internal standard) first antibody at a

dilution of 1:500 were added into the solution

sequentially. The mixture was incubated overnight

at 4 �C, and then, horseradish peroxidase-labeled

second antibody at a dilution of 1:1,000 was added

into the mixture, which had a color rendering after

incubation at room temperature for 1 h. Images were

taken using photographic photometry, and the exper-

imental result was analyzed with Quantity One

Software. Optical density value was scanned, which

was shown at the ratio of interest protein-to-internal

standard GAPDH.

Table 3 The change of protein content in rats bronchoalveolar lavage fluid (BALF) and the variation of rats lung wet/dry weight (W/

D) ratio (x ± s, n = 6)

Protein content of BALF (g/l) W/D

Control AKI Sepsis Control AKI Sepsis

0 h 1.463 ± 0.012 1.463 ± 0.012 1.463 ± 0.012 4.267 ± 0.021 4.267 ± 0.021 4.267 ± 0.021

2 h 1.463 ± 0.019 1.490 ± 0.018* 1.552 ± 0.012*,# 4.253 ± 0.018 4.373 ± 0.025* 4.502 ± 0.012*,#

4 h 1.461 ± 0.021 1.534 ± 0.027* 1.643 ± 0.014*,# 4.298 ± 0.012 4.528 ± 0.030* 4.937 ± 0.016*,#

6 h 1.461 ± 0.016 1.753 ± 0.027* 1.842 ± 0.012*,# 4.405 ± 0.010 4.563 ± 0.015* 5.148 ± 0.021*,#

8 h 1.461 ± 0.011 1.870 ± 0.014* 1.941 ± 0.021*,# 4.490 ± 0.014 4.923 ± 0.024* 5.353 ± 0.023*,#

* P \ 0.05 compared with control group
# P \ 0.05 compared with group AKI

Fig. 1 HE dye (9400) of rats lung tissue in three groups. a Control group: 0 h, b control group: 8 h, c AKI group: 8 h, d sepsis group:

8 h
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Statistical analysis

The results were analyzed using SPSS 16.0, and data

were presented as x ± s. t Test was used to compare

within groups, and the relevance between the two

group values was examined with Pearson correlation.

P \ 0.05 was considered to indicate statistical

significance.

Results

Rat arterial blood gas

Table 2 shows the variation tendency of the arterial

blood gas of rats in the three groups. The arterial blood

pH value in AKI group decreased 2 h after the

experiment, and acidosis became obviously severe,

which was significantly different with control group.

The arterial blood CO2 exhibited a descending ten-

dency, but no significant difference was found among

the other two groups. The arterial partial pressure of

oxygen in control and AKI group descended slightly

after the experiment, but no statistical significance

was found between the two groups. The pressure of

oxygen in sepsis group descended evidently from the

2nd hour and was significantly different from that in the

other two groups (P \ 0.05).

Protein level in BALF and rats lung wet/dry weight

(W/D) ratio

The protein level in BALF and the W/D ratio had no

significant change in control group. By contrast, the

protein level in BALF and the W/D ratio in AKI group

increased 2 h after the experiment, which demon-

strated a significant difference compared with those in

control group. The protein level in BALF and the W/D

ratio in sepsis group also increased 2 h after the

experiment, which showed a significant difference

compared with those in control and AKI group (Table 3).

Lung tissue structure

The alveoli of rats in control group were integrated 0

and 8 h after the experiment. No significant exudation

in the alveoli and no pulmonary interstitial edema

were found. The alveolar epithelium swelled in sepsis

group 8 h after the experiment, the alveolar wall

broadened, and blood capillary became dilated and

congested. A significant pulmonary interstitial and

alveolar space edema was observed. Inflammatory

corpuscles, red blood cells, and protein exudation in

pulmonary alveoli increased significantly. Minor

respiratory injury and alveoli disturbance could be

partially observed in the visual field, indicating a

typical pathological change in ALI. Inflammatory

Table 4 The concentration of TNF-a and IL-6 in rats serum and bronchoalveolar lavage fluid (BALF) (pg/ml, x ± s, n = 6)

Serum BALF

Control AKI Sepsis Control AKI Sepsis

TNF-a

0 h 2.33 ± 1.37 2.33 ± 1.37 2.33 ± 1.37 6.16 ± 1.17 6.16 ± 1.17 6.16 ± 1.17

2 h 3.33 ± 1.97 5.00 ± 2.36* 20.17 ± 3.81*,# 16.67 ± 2.16 30.17 ± 2.56* 43.33 ± 3.88*,#

4 h 6.00 ± 1.79 15.00 ± 2.10* 28.83 ± 5.56*,# 23.17 ± 4.17 43.33 ± 5.85* 57.67 ± 3.08*,#

6 h 12.67 ± 1.17 34.00 ± 5.93* 49.00 ± 6.78*,# 31.33 ± 3.78 47.17 ± 5.95* 62.83 ± 4.79*#

8 h 13.16 ± 4.26 38.17 ± 3.06* 54.33 ± 5.05*,# 36.67 ± 2.34 58.33 ± 3.44* 87.83 ± 4.26*#

IL-6

0 h 3.16 ± 1.47 3.16 ± 1.47 3.16 ± 1.47 9.17 ± 1.47 9.17 ± 1.47 9.17 ± 1.47

2 h 5.00 ± 1.26 8.17 ± 1.33* 16.33 ± 4.63*,# 12.83 ± 1.94 20.33 ± 3.78* 33.83 ± 2.72*,#

4 h 7.50 ± 1.04 27.17 ± 2.14* 42.00 ± 7.69*,# 16.67 ± 3.07 39.00 ± 3.22* 55.83 ± 5.88*,#

6 h 11.83 ± 1.72 41.83 ± 5.56* 54.33 ± 3.44*,# 26.33 ± 5.61 50.17 ± 5.08* 65.33 ± 9.11*,#

8 h 15.33 ± 2.73 62.16 ± 6.61* 71.83 ± 2.85*,# 41.00 ± 4.00 71.33 ± 7.66* 87.16 ± 2.13*,#

* P \ 0.05 compared with control group
# P \ 0.05 compared with group AKI

Int Urol Nephrol (2013) 45:1187–1196 1191

123



corpuscles, red blood cells, and protein exudation in

pulmonary alveoli were also found in AKI group 8 h

after the experiment. Pulmonary interstitial and alve-

oli edema in AKI group was less severe compared with

those in sepsis group but more severe compared with

those in control group (Fig. 1).

TNF-a and IL-6 levels

As shown in Table 4, the TNF-a and IL-6 levels in the

serum and BALF in AKI group increased 2 h after the

experiment, which demonstrated a significant differ-

ence compared with control group (P \ 0.05). The

TNF-a and IL-6 levels in the serum and BALF in sepsis

group increased 2 h after the experiment, which exhib-

ited a significant difference compared with control and

AKI group (P \ 0.05).

AQP1 concentration

As shown in Table 5, the concentration of AQP1 in the

lung tissue in AKI group decreased gradually 2 h after

the experiment, which showed a significant difference

compared with control group (P \ 0.05). The con-

centration of AQP1 in the lung tissue in sepsis group

decreased gradually 2 h after the experiment, which

demonstrated a significant difference compared with

control and AKI group (P \ 0.05).

a-ENaC expression

Figure 2 demonstrates the western blot results of

a-ENaC in the lung tissues from the three groups. The

a-ENaC level in the lung tissue from AKI group

decreased gradually 2 h after the experiment, which

had a significant difference compared with control

group (P \ 0.05). The a-ENaC level in the lung tissue

from sepsis group decreased gradually 2 h after the

experiment, which showed a significant difference

compared with control and AKI group (P \ 0.05).

Relevance analysis between AQP1 and TNF-a
and IL-6

Figure 3 illustrates the results from the relevance

analyses of AQP1, TNF-a, and IL-6 in BALF. The

AQP1 and TNF-a levels in the BALF of the rats were

negatively correlated. The Pearson correlation coeffi-

cients of the AKI and sepsis groups were -0.490 and

-0.509, respectively. IL-6 and AQP1 were also

negatively correlated. The Pearson correlation coeffi-

cients of the AKI and sepsis groups were -0.546 and

-0.574, respectively. The relevance between AQP1

and TNF-a and IL-6 in BALF in the sepsis group was

higher than that in the AKI group.

Relevance analysis between a-ENaC and TNF-a
and IL-6

Figure 4 demonstrates the results of the relevance

analyses between the a-ENaC in the lung tissue and

the TNF-a and IL-6 in the BALF. The a-ENaC levels

in the rat lung tissue and the TNF-a and IL-6 in the

BALF were negatively correlated. The Pearson corre-

lation coefficients of the AKI and sepsis groups were

-0.465 and -0.477, respectively. The IL-6 levels in

the BALF and rat a-ENaC were also negatively

correlated. The Pearson correlation coefficients of the

AKI and sepsis groups were -0.412 and -0.445,

respectively. The relevance between a-ENaC and

TNF-a and IL-6 in the BALF sepsis group was higher

than that in the AKI group.

Discussion

The protein level in the BALF increased significantly,

and the lung W/D ratio decreased in the AKI group 2 h

after the kidney injury. This finding is in agreement

with the report of previous studies [18–21]. However,

the protein level in the BALF in the AKI group was

Table 5 The concentration of AQP1 in lung tissue in three groups (ng/ml, x ± s, n = 6)

0 h 2 h 4 h 6 h 8 h

Control 3.700 ± 0.127 4.07 ± 0.100 3.590 ± 0.053 4.310 ± 0.600 4.004 ± 0.929

AKI 3.700 ± 0.127 2.440 ± 0.475* 1.893 ± 0.204* 1.340 ± 0.039* 0.754 ± 0.477*

Sepsis 3.700 ± 0.127 1.928 ± 0.092*,# 1.121 ± 0.074*,# 0.544 ± 0.071*,# 0.097 ± 0.089*,#

* P \ 0.05 compared with control group
# P \ 0.05 compared with group AKI

1192 Int Urol Nephrol (2013) 45:1187–1196
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significantly lower than that in the endotoxin group.

The lung W/D ratio in the AKI group was higher than

that in the endotoxin group. This result suggests that

although the oxygenation of the lungs was not affected

at the early stage of AKI, the barrier function of the

alveolar epithelium-endothelium was influenced.

Moreover, the permeability of endothelial cells

increased, and the lung epithelial cell liquid removal

decreased. This result indicates that although ALI

occurred, it was less severe than that caused by

endotoxin. Previous studies reported that ALI occurs

at the early stage of AKI, characterized by the

infiltration of the inflammatory cells and hyperemia

in alveolar space, and the changes in the pulmonary

alveoli structure [18, 22].

During the experiment, the alveolar epithelium

swelled, the alveolar wall broadened, and the blood

capillary dilated and congested. A significant pulmon-

ary interstitial and alveolar space edema was observed,

and inflammatory corpuscles, red blood cells, and

protein exudation in the pulmonary alveoli increased

significantly. A number of inflammatory cells were

infiltrated. Minor respiratory injury and alveoli dis-

turbance could be partially observed in the visual field,

Fig. 2 The Western results of a-ENaC at different time in three groups

Fig. 3 The relevance

analysis between the AQP1

and TNF-a and IL-6 in

bronchoalveolar lavage fluid

(BALF) in AKI group and

sepsis group

Int Urol Nephrol (2013) 45:1187–1196 1193
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showing a typical pathological change in the ALI. The

pathological change in the AKI group was similar to

that in the ALI caused by endotoxin. However, the

infiltration of the inflammatory cells, red blood cells,

and protein exudation, as well as alveoli disturbance,

was less severe than that in endotoxin-induced ALI.

TNF-a is produced by mononuclear macrophage

and functions through specific cell membrane-con-

necting receptors. TNF-a is the main cytokine that

mediates ALI. TNF-a could induce the activation of

lung endothelial cell, the migration of leukocyte,

neutrophil degranulation, and the leakage of blood

capillary. The accumulated edema fluid blocks the

perfusion and oxygen exchange of the alveolar cell,

which in turn causes ARDS. In addition, TNF-a could

intercommunicate with many cytokines, which exhibit

extensive action. The activated mononuclear macro-

phage in the blood was the main source of IL-6, which

increased under the stimulation of LPS, IL-1b, and

TNF-a. The TNF-a and IL-6 levels increase signifi-

cantly in acute diseases, such as burns and operation

traumas. Clinical studies [23] revealed that the TNF-a
and IL-6 levels in the serum and BALF of ALI/ARDS

patients increase, which is closely related to the

pathogenesis of multiple organ failure. The present

study found that the TNF-a and IL-6 levels in the rat

serum and BALF increased significantly after AKI.

This phenomenon may be because the accumulation of

poisonous metabolic products in the body after AKI

and operation trauma activates systemic inflammatory

responses. The mediators of inflammation were

decreased by the excretory function and inactivation

of the kidney, significantly increasing the TNF-a and

IL-6 levels in the rat blood circulation. Lungs have a

huge blood-vascular system, in which the inflamma-

tory mediators of blood circulation accumulate. As a

result, TNF-a and IL-6 levels are increased and ALI is

induced.

As proven by earlier studies, this experiment found

that the systemic inflammatory response caused by

intraperitoneal injection of endotoxin increased sig-

nificantly the TNF-a and IL-6 levels in rat serum and

BALF, which was more statistically significant than

that of AKI. This phenomenon proved that both AKI

and endotoxin activated inflammatory response and

that the increase in cytokine level caused early-stage

ALI. However, the initiating factors that induce

systemic inflammatory response and the mechanism

of the inflammatory mediators are different, resulting

in different degrees of acute injury. AKI was caused by

Fig. 4 The relevance

analysis between a-ENaC

and TNF-a and IL-6 in

bronchoalveolar lavage fluid

(BALF) in AKI group and

sepsis group

1194 Int Urol Nephrol (2013) 45:1187–1196
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the accumulation of poisonous metabolic products in

the body and operation trauma that activated

systemic inflammatory response, such that the

mediators of inflammation were decreased by the

excretory function and inactivation of the kidney.

This phenomenon increased the TNF-a and IL-6

levels, which in turn caused the occurrence of ALI,

but the injury was less severe than that induced by

endotoxin. The research on the pathophysiology of

ARDS in two different conditions, sepsis and acute

renal failure, has been carried out by Kim do et al.

[24]. Part of their experimental results was similar to

ours: acute kidney injury and sepsis caused inflam-

mation factor increases. However, compared with

sepsis, heat shock protein could play a more

important role in acute kidney injury in their

research. This study also found that the expression

of AQP1 and a-ENaC in rat lungs after AKI

decreased significantly, suggesting that the AQP1

and a-ENaC levels decreased at the early stage of

AKI. This phenomenon may be one of the causes of

AKI-induced ALI. Previous studies have suggested

that one of the main pathological changes of lung

injury is pulmonary edema. The transport of water

has two main channels in the pulmonary alveoli of

lung tissue. One is the passive transport by AQP,

which is determined by the pressure difference

between alveolar and pulmonary capillary pressure,

as well as the osmotic gradient between the liquid in

the pulmonary alveoli and plasma in addition to the

quantity of AQP. The other channel is the active

transport accompanied by Na. The Na-water active

transport system in the alveolar epithelium was

composed of ENaC, Na?–K?–ATPase, and AQP.

Na? was absorbed through the sodium channel of the

lateral wall of alveolar epithelial cells and then was

pumped into the pulmonary interstice by ENaC,

Na?–K?–ATPase of the base lateral surface accom-

panied by the passive transport of water. In addition

to accompanying the active the transport of Na,

water is discharged from the aquaporin of the

alveolar epithelial cells [13, 14]. Several studies

have proven that the pulmonary expression of both

AQP and ENaC decreases in ALI and ARDS [13–16,

22, 23].

The experiment also found that the TNF-a and

IL-6 levels in rat BALF were negatively correlated with

the expression of AQP1 and a-ENaC, suggesting that

the expression of AQP1 and a-ENaC decreased

during the process of acute injury, in which cyto-

kines played an important role. The inflammatory

reaction of rats became more severe after endotoxin

injection, which induced a more significant increase

in the TNF-a and IL-6 levels. Therefore, the

expression of AQP1 and a-ENaC in the lungs of rats

decreased more significantly in the endotoxin group.

Dagenais et al. [25] also found experimentally that

TNF-a could decrease the pulmonary expression of

a-ENaC. In experiments, we found that the correla-

tion coefficient of TNF-a or IL-6 and AQP1 or

a-ENaC is only 0.4–0.5. It suggested that some

interference factors regulated AQP1 and alpha ENaC

has perhaps affected the experiments, such as the

sample size, etc. The advanced research should been

made in the future. A number of studies also proved

that cytokines participate in the regulation of AQP

[26]. In ARDS, the activated neutrophilic granulo-

cyte and pulmonary alveolar macrophage migrate

into the lungs and produce reactive oxygen such as

TNF, TGF, and NO. The combination of these

injurious factors and ferroheme increases the cGMP

level in cells and then exerts effects through protein

phosphorylation, in which cGMP depends. As a

result, the pulmonary expression of AQP1 and

a-ENaC decreases. In addition, stress reactions, high

osmotic pressure, anoxia, pH, and Ca2? could

participate in regulating the expression of AQP1

and a-ENaC [27]. AKI disturbed the internal envi-

ronment, such as the change in plasma osmotic

pressure, oxidosis, and Ca2? dislocation, which were

more severe than that of the endotoxin group. This

phenomenon is probably the reason why the rele-

vance between TNF-a, IL-6 and AQP1 and a-ENaC

was not as high as that of the endotoxin group. After

AKI, aside from cytokines, the change in the plasma

osmotic pressure, oxidosis, and Ca2? dislocation,

among others, participated in the regulation of AQP1

and a-ENaC.

In conclusion, the TNF-a and IL-6 levels increased

significantly and the pulmonary expression of AQP1

and aENaC declined at the early stage of AKI, which

may have caused the AKI-induced ALI.
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