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Abstract: To explore the protective effect of dexmedetomidine (Dex) on rats with renal ischemia-reperfusion in-
jury and the influence of Dex on the expression of tight junction protein in kidney. Grouped 40 SPF male rats into
4 groups, sham operation group (group S), ischemia-reperfusion group (group I/R), pretreatment with Dex group
(group Pre/Dex), post-treatment with Dex group (group Post/Dex), randomly, 10 rats each group. Rats in group S
were anaesthetized and set up with removal of right kidney; rats in group I/R were set up with removal of right kidney
and left renal artery clamping for 45 min followed by 60 min reperfusion; rats in group Pre/Dex were intravenous
injected with Dex (1 pg/kg) for 30 min after indwelling catheter via femoral vein puncture; rats in group Post/Dex
were intravenous injected with Dex (1 pg/kg) for 30 min after left renal reperfusion. The kidneys in each group
were made out pathologic slices after 6 h I/R, stained with HE; blood samples were taken with separation plasma,
creatinine (Scr) and urea nitrogen (BUN) were detected by automatic biochemical analyzer; IL-13 and TNF-a were
detected by Enzyme-linked Immunosorbent Assay (ELISA); the expression level of tight junction protein ZO-1 and pro-
tein occludin in kidney were detected by Western-blot. The results of HE staining showed that, comparing to group
S, the tissue of kidney in group I/R were damaged heavily with tubules dilatation and inflammation obviously, while
lightened in group Pre/Dex and group Post/Dex. The results of detection of renal function and inflammatory factors
showed that, comparing to group S, Scr, BUN, IL-1B and TNF-a were all enhanced in group I/R, group Pre/Dex and
group Post/Dex, significantly (P < 0.05), while the inflammatory factors in group Pre/Dex and group Post/Dex were
lower than in group I/R, significantly (P < 0.05). The results of Western-blot showed that the expression of protein
Z0-1 and occludin in group Pre/Dex and group Post/Dex were higher than in group I/R, significantly (P < 0.05). Dex
could reduce renal dysfunction induced by I/R, inhibit inflammatory response, up-regulate the expression of protein
Z0-1 and occludin and protect renal.
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lial cells were injured, which causing renal tubu-
lar blockage, cell metabolism dysfunction after
reperfusion, inflammation medium releasing,
inflammation reaction aggravation, and leading
to abnormal renal function and organs damage,
even the damage of brain, lung, heart, liver and
so on [4, 5]. Recently, the studies on prevention
and treatment aiming at IRl renal injury mainly
focused on regulating one point of IRI, such as
using anti-apoptotic chemicals, antioxidants,

Introduction

Kidney transplantation is one of the most ideal
to treating with terminal renal diseases. Since
the first successful case of renal transplanta-
tion 50 years ago, there had more than 50 mil-
lion of patients with renal failure receipted
renal transplantation and lived their lives [1, 2].
However, during the perioperation of renal
transplantation, ischemia-reperfusion injury
was still an important problem. Because of the

structure characteristics, renal became one of
the most sensitive organs in the ischemia-
reperfusion injury [3]. With renal ischemia,
renal blood flow reduced and tubular endothe-

nuclear selective antagonists, alone [6, 7]. All of
the agents could not exert therapeutic effects
integrally and were limited in clinical applica-
tion, without reaching clinical effect.
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Figure 1. Pathological slices of renal ischemia reperfusion injury x 200.

Table 1. Comparison of Scr and BUN

activating central ner-

Groups Group S Group I/R

Group Pre/Dex Group Post/Dex

vous system and leading

Scr(umol/L)  41.21 +5.31 134.34 + 12.79" 81.29 + 11.42"* 78.63 + 12,574 10 sedation and hypno-

BUN (mmol/L) 5.31+0.51 29.76 +5.34" 18.34+4.28"* 1798 + 3.47"*

sis, but also preventing

Note: comparing to S, “P < 0.05; comparing to I/R, 2P < 0.05.

Researches showed that a2 receptor agonist
could sustain renal medulla blood flow to pre-
vent from contrast induced nephropathy, and
active the adrenergic receptors on presynaptic
membrane of central and peripheral sympa-
thetic nerve, thus reducing the stress reaction
induced by surgery and plasma catecholamine
concentration [8, 9]. Dex was an &2 adrenocep-
tor agonists with high selectivity, not only initi-
ating and sustaining natural sleeping state by
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from adverse reaction
induced by ol adrener-
gic receptor [10, 11]. Bo-
llucuoglu et al. [12] found that ischemia-reper-
fusion was one of the reasons leading to acute
renal failure. By constructing the ischemia
reperfusion model in mice, they found the renal
tubular cells swollen, pyknosis and necrosis in
renal tissues, and hyperemia in renal medulla;
however, by intraperitoneal injection with Dex,
renal injury decreased significantly, which indi-
cating Dex could increase tolerance of renal
injury. By Meta analysis, Tan et al. [13] found
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Table 2. Comparison of inflammatory factors

Groups Group S Group I/R Group Pre/Dex Group Post/Dex
IL-1B (ng/L) 85.34 + 16.13 172.16 + 23.04" 108.97 + 23.08™4 117.29 + 18.48™
TNF-o (ng/L) 58.637 + 13.22 141.06 + 19.21" 98.78 + 18.19" 97.69 + 16.28"

Note: comparing to S, "P < 0.05; comparing to I/R, 2P < 0.05.

/R S

Z0-1

Occludin

[}-actin

Pre/Dex Post/Dex

Figure 2. Expression of protein ZO-1 and occludin in renal tissues of rats.

that Dex could induce sympathetic inhibitory
effect, useful for long-term oxygen supply and
demand in myocardium and exerting protective
effect. But there were barely reported about
the protective effect on organs and the rela-
tionship between the mechanism and anti-
inflammatory response of Dex in renal ischemia
reperfusion injury. We studied on the protective
effect of Dex on renal ischemia reperfusion
injury and investigated the mechanism for fur-
ther researches on prevention and treatment of
renal ischemia reperfusion injury in renal tr-
ansplantation.

Materials and methods
Animals and grouping

40 male SD rats (SPF), weighting 250 to 300 g,
obtained from the experimental animal center
of GENERAL HOSPITAL OF SHENYANG MILITARY,
grouped into 4 groups randomly, sham opera-
tion group (group S), ischemia-reperfusion gr-
oup (group I/R), pretreatment with Dex group
(group Pre/Dex), post-treatment with Dex group
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(group Post/Dex), 10 in each group. Rats in
group S were anaesthetized and set up with
removal of right kidney; rats in group I/R were
set up with removal of right kidney and left
renal artery clamping for 45 min followed by 60
min reperfusion; rats in group Pre/Dex were
intravenous injected with Dex (1 pg/kg) for 30
min after indwelling catheter via femoral vein
puncture; rats in group Post/Dex were intrave-
nous injected with Dex (1 pg/kg) for 30 min
after left renal reperfusion.

Construction of renal ischemia reperfusion
models

According to the reference [10], rats were in
eating and drinking’s abstention for 6 h before
operation. Injected intraperitoneally with 10%
chloral hydrate (3 mg/kg) to anesthesia. Details
were followed: opened along the ventral medi-
an line (4.0 to 5.0 cm) and abdomen was
exposed; moved the ileum, colon and spleen to
the left, separated the right renal, ligated renal
pedicle and removed; moved the ileum, colon
and spleen to the right, exposed the left renal
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Table 3. Expression changes of ZO-1 and occludin in each

group (X % s)

well of the first row on enzyme label
plate, diluted in multiple proportions;

Groups Group S

Group R Group Pre/Dex Group Post/Dex

added 40 pL diluted samples each

Z0-1 0.66 + 0.10 0.21 +£ 0.04" 0.48 + 0.06™* 0.51 + 0.04™*
occludin 0.85 + 0.11 0.36 + 0.05" 0.64 + 0.06"* 0.59 + 0.05"*

well, added 10 uL samples; incubat-
ed at 37°C for 30 min; removed the

Note: comparing to S, "P < 0.05; comparing to I/R, P < 0.05.

and pedicle, and occluded with non-injured vas-
cular clamp; loosened the clamp after 45 min
and followed by reperfusion, if renal turned
from dark purple into red, it was successful to
construct the model; closed the peritoneal.

Collecting samples

After successfully constructing renal ischemia-
reperfusion models for 6 h, rats in each group
were anesthetized with 10% chloral hydrate,
collected blood from eyes, centrifuged at 3,000
r/min for 5 min, separated the supernatant into
1.5 mL EP tubes, stored at -80°C; took renal
tissues (stored at -80°C) and fixed in neutral
buffered formalin.

Detection

Renal pathological changes: Fixed the renal tis-
sues in neutral buffered formalin for one or two
days; washed with flowing water for 4 to 5 h,
dried the tissues with filter paper, placed in
70% ethanol, overnight; placed in 80% ethanol
with the same method, overnight; rehydrated
with gradient ethanol, placed in xylene for 20
min; placed the tissues in wax for 3 h; embed-
ded the tissues with metal embedding box; sec-
tioned with thickness 3 to 5 um; placed the
sections in oven at 37°C, overnight; placed in
xylene for dewaxing; rehydrated with gradient
ethanol, placed the sections in distilled water
for 3 min; stained in hematoxylin for 5 min;
placed in clean water to recovered into blue,
stained eosin for 30 s; placed in gradient etha-
nol to dehydrate, placed in xylene for 10 min;
sealed with neutral gum and observed the
renal pathological changes with microscope.

Renal function detecting: Collected the blood
samples, placed in anticoagulative tube and
sent to inspection department, detected Scr
and BUN with automatic biochemical detector.

Detecting IL-13 and TNF-a by ELISA: Detected
the serum samples by ELISA kit after centrifug-
ing. The details were followed the specification:
added 50 pL samples in the first and second
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sealing membrane, discarded the
liquid, added washing buffer with
standing for 30 s, discarded the lig-
uid, repeated 5 times, then dried; added 50 uL
enzyme sign the second antibody, incubated at
37°C for 30 min; washed with washing buffer;
added chromogenic reagent A and B (50 uL of
each) in order, colored at 37°C in dark for 10
min; added 50 pL terminal liquid; detected the
450 nm absorbance value with enzyme mark
instrument, drew calibration curve and ana-
lyzed the results.

Detecting the expression of protein ZO-1 and
Occludin by western-blot: Added RIPA buffer in
the tissue (stored at -80°C), centrifuged the tis-
sue homogenate at 4°C with 12,000 r/min for
10 min, absorbed the supernatant, determined
the total protein content by BCA method; added
two times (1:1) of Loading-buffer, boiled for 5
min; the samples were separated by sodium
dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) with a 5% stacking gel and
10% separating gel; placed the gel in buffer
solution on the horizontal rotator for 30 min;
transferred to polyvinylidene fluoride (PVDF)
membrane for 1 h; washed with TBST, blocked
in 5% dried milk at 4°C on the rotator, over-
night; washed with TBST and added rabbit anti
Z0-1 and rabbit anti occludin (both 1:800), sep-
arately, incubated for 1 h; washed 3 times and
added HRP-goat anti rabbit 1gG (1:3000),
placed on the rotator for 1 h; washed with clean
water, developed with ECL system, analyzed
the gray value of western blot.

Statistic analysis

The data were showed as mean + standard (X
+ s). With IBM-SPSS 19.0, analysis of variance
was conducted for comparison between grou-
ps, there was a significant difference with a
value of P < 0.05.

Results
Renal histology changes

Renal injury in group I/R was more serious th-
an group S, with obvious inflammation, dilata-
tion of tubules, hyperemia, edema, glomerular

Int J Clin Exp Med 2015;8(10):18751-18757
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nephritis; renal injury in group Pre/Dex and
group Post/Dex were lighten, inflammation
reaction reduced, cells with abnormal morphol-
ogy were less (Figure 1).

Detection of renal function

All the samples were detected by automatic
biochemical detector. The results were followed
(Table 1). Comparing to group S, Scr and BUN in
other groups all increased significantly (P <
0.05). There was no significant difference of
Scrand BUN between group Pre/Dex and group
Post/Dex (P > 0.05), while both lower than in
group I/R (P < 0.05).

Detection of inflammatory factor

Detecting IL-13 and TNF-a concentration with
ELISA kit, the results were followed (Table 2).
Comparing group S, IL-1B3 and TNF-a in other
groups were increased significantly (P < 0.05);
there were no significant differences of IL-13
and TNF-a between group Pre/Dex and group
Post/Dex (P > 0.05), while significantly compar-
ing to group R (P < 0.05).

Expression of protein ZO-1 and occludin

Comparing to group S, expression level of pro-
tein Z0O-1 and occludin all decreased in other
groups (P < 0.05). Comparing to group I/R, ZO-1
and occludin increased significantly (P < 0.05)
(Figure 2 and Table 3).

Discussion

Recently, IRl was a commonly pathological phe-
nomenon in clinical. For the structural and
functional particularity of renal, ischemia-
reperfusion injury in kidney transplant opera-
tion was typical and serious, absorbing atten-
tions. The development mechanism mainly
included periods of ischemia and reperfusion.
Blood flow decreased in renal ischemia and
renal was in anoxic condition. Although isch-
emic tissue recovered after reperfusion, there
were problems about energy metabolism,
changing of cells permeability, activating
inflammation reaction and aggravating tissue
injury [1-5]. By constructing IRl models in rats,
we simulated clinical renal I/R process and
found that renal injury was serious after 6 h of
reperfusion. With staining in HE, dilatation of
tubules and inflammation were obvious, and
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there was glomerulonephritis. Scr and BUN
were both increased significantly by detection
of blood biochemistry, which indicated the suc-
cessful construction of IRl models in rats, con-
sistent with human medicine clinic.

Inflammatory process started from vascular
endothelial injury, renal tubular cell dysfunc-
tion, and immuno-regulatory factors, including
IL-1B, IL-6, IL-8, TNF-a and monocyte chemoat-
tractant protein 1 (MCP-1), were released into
renal tissue and blood circulation [14]. During
the period of IRI, renal tubular epithelial cells
producing cytokines, including IL-18, IL-6, IL-8,
TNF-a and so on, which could urge vascular
adhesion molecules to express increasingly,
thus mediated adhesive action between leuko-
cytes and endothelial cells [15]. We found that
after 45 min renal ischemia and 6h reperfu-
sion, IL-1B and TNF-a increased significantly,
which indicated that inflammatory reaction
played an important role in IRE process.

It is very important to investigate the endoge-
nous protective mechanisms of ischemic pre-
conditioning to the kidney at present. In order
to protect renal, activating or inhibiting some
factors in the body played an important role in
renal transplantation and the functional recov-
ery of grafts [16, 17]. Dederer [18] found that
a2 receptor agonist could sustain renal medul-
la blood flow, prevent from contrast nephropa-
thy and active the adrenergic receptors at the
presynaptic membrane of central and periph-
eral sympathetic nerve, thus reduced stress
response induced by surgery, with the effect of
sedation and analgesia. Dex was a a2 adreno-
ceptor agonists with high selectivity, presenting
diversity according to distributing in different
cells, tissues and organs [19]. Dex, with strong
selectivity to central a2 adrenoceptor agonists,
inhibited the release of norepinephrine by acti-
vating a2 receptors at presynaptic membrane,
and terminated the conduction of pain signals.
By activating postsynaptic receptors, Dex inhib-
ited sympathetic activity, thus induced decreas-
ing of blood pressure and heart rate, with the
effect of sedation and analgesia [20, 21].
Otherwise, Dex, with locally vascular effect,
directly activated a2 adrenoceptor agonists of
renal tissues, thus reduced the release of pre-
synaptic noradrenaline, locally, influencing
renal vessels [22]. Due to the effect of Dex to
reduce the concentration of norepinephrine in

Int J Clin Exp Med 2015;8(10):18751-18757
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blood circulation and renal tissue, it was effec-
tive to avoid the adverse effect of vasoconstric-
tion reduced by norepinephrine. Halaszynski
[23] found that Dex, with the effect of maintain-
ing hemodynamic stability, could reassign car-
diac output when circulating blood volume
decreasing, thus ensured the perfusion of
organs, maintained renal blood flow and glo-
merular filtration. With previous studies, we
had investigated that Dex had the protective
effect on brain in cardiopulmonary bypass. In
our researches, we pretreated and post-treated
with Dex in ischemia-reperfusion models in
rats, and observed the renal pathological slic-
es. The results showed that renal injury reduced
in groups with treatment with Dex, indicating
the protective effect of Dex on renal in
ischemia-reperfusion.

Tight junctions were the key structure to main-
tain the functions of the epithelial cells, playing
an important role in renal developing process
and nephron formation [24]. With the cell cul-
ture models, tight junction protein in different
tissues fractured and the expression level
changed, with the regulation on renal tubular
paracellular permeability, under the condition
of ischemic injury, free radical injury and lack-
ing of ATP [25]. Ischemia-reperfusion injury was
the most common reason leading to acute
renal injury, changing the structure of tight
junction, increasing apoptosis and separation
of renal tubular cell [26]. Tight junction protein
Z0, occludin and claudin were found in many
tissues. Z0-1 was one of the most significant
protein in tight junction. As the organizer of
tight junction, ZO-1 mediated signal transduc-
tion and interaction between proteins [24].
Phosphorylation state of occludin was related
to regulating membrane, with its expression of
truncated status at C-terminal increasing para-
cellular permeability of molecules with low
weight [26]. Our studies showed that the
expression of tight junction protein ZO-1 and
occludin were down regulated in I/R models,
while a certain dose of Dex could up regulate
the expression level of ZO-1 and occludin. But
the mechanisms about how Dex plays in pro-
tecting renal in I/R, and how Z0-1 and occludin
regulate in I/R, still need further researches.

In conclusion, Dex could reduce inflammatory
reaction induced by renal ischemia-reperfu-
sion, improve renal function, and up-regulate
the tight junction protein ZO-1 and occludin,
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which might be one of the protective mech
anism.
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