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Group 1 (Positive control): ischemia reperfusion (IR) injury; Group 2: Complete
capsulotomy + | R; Group 3: Partial capsulotomy + IR. Six rats from each group were
sacrified at 2, 7 and 14 days post- surgery.

Results: The complete capsulotomy induced a significant decrease in the serum
creatinine at 2 and 7 days post- capsulotomy in comparison with partial capsulotomy (P <
0.05), whereas at 14 days, the partial capsulotomy induced the significant decrease (P <
0.05). Complete capsulotomy showed a significant improvement in creatinine clearance
in comparison with partial capsulotomy at 2, 7 and 14 days post- surgery (p < 0.05). At 2
and 7 days, BUN of IR+ Capsulotomy group showed a significant decrease (P < 0.05)
compared to the other groups, while at 14 days partial capsulotomy, the serum BUN
reached to the normal value. Serum sodium level showed a significant decrease (P < 0.05)
at 2 days after partial capsulotomy, and at 14 days after complete capsulotomy (P <
0.05). Nitric oxide level in IR + partial capsulotomy group showed a significant decrease at
7 and 14 days (P < 0.05). Results of MDA of IR+ partial capsulotomy groups showed a
significant decrease (P < 0.05) compared to the IR+ compete capsulotomy groups at 2,7
and 14 days.

Conclusion and clinical relevance: The partial capsulotomy ameliorates could improve
serum creatinine, BUN and could lower the oxidative stress at 14 days. Partial
capsulotomy could also improve the renal tissues at both short and long-term. So this
study indicates the importance of the presence of intact renal capsule for ischemic acute
kidney injury.

Keywords: Capsulotomy, Kidney, IRI, Laparotomy, Creatinine, Rats.

1. INTRODUCTION damage [7]. During the restoration of blood supply and re-
oxygenation, the increased formation of free radicals and
inflammatory response intensify the tissue damage [8].
Necrosis and apoptosis in the renal tubules, as well as more
release of ROS have been recorded [9]. Superoxide
dismutase, catalase and glutathione peroxidase, a potent
antioxidant enzymes [10], are responsible for elimination of
ROS under normal condition, but are insufficient during the

An acute kidney injury (AKI) is a sudden, possible
reversible, decrease in renal function over a period of hours
to days [1]. AKI is accompanied with rapid fall in glomerular
filtration rate (GFR), retention of nitrogenous waste
products and non-nitrogenous metabolic waste products
that are normally excreted in urine [2, 3]. It increases the
mortality in the patient of intensive care units (ICU),

prolongs hospital stays and accelerates chronic kidney R (11)

disease [1, 4]. Despite the reversibility of the loss of renal Renal IRl is mainly induced either by systemic
function in most patients who survive, the mortality of AKI hypoperfusion as surgery requiring clamping of the aorta,
remains alarmingly high (over 50%) [5]. renovascular surgery, shock and trauma or by local

hypoperfusion such as renal transplantation [12, 13]. An IRI
activates different programs of cell death, such as necrosis,
apoptosis, or autophagy associated cell-death, multiorgan
dysfunction and increased vascular permeability [14]. The
pathophysiological changes are very complex and

When the kidney is exposed to sudden temporary
restriction of the blood supply as in case of kidney
transplantation or coronary bypass, the renal blood flow
may be stopped completely [6], with subsequent tissue
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overlapping, but some of these pathways are activation of
neutrophils, platelets, cytokines, reactive nitrogen species,
ROS, the coagulation system, the endothelium, and the
xanthineoxidoreductase enzyme system [15, 16].

The renal tissues in compartment syndrome should be
decompressed to regain adequate tissue perfusion and to
avoid the detrimental effects [17]. Therefore, capsular
incision of ischemically damaged and edematous kidneys
may be a logical technique to improve renal perfusion [18].

Capsulotomy is performed either via induction of a
longitudinal incision in the greater curvature of the renal
capsule (complete capsulotomy) or by small incision in the
renal capsule (partial capsulotomy). Capsulotomy may be
useful during renal grafts with extensive IRI, edema and high
intrarenal pressures. It has to be determined at which renal
flow capsulotomy improves renal perfusion and outweighs
the potential risk of parenchymal damage [19].

Thus, our hypothesis was that decompressing the
swollen and edematous kidney during renal graft via
complete or partial renal capsulotomy may alleviate the
harmful effect of IRP during the course of ischemia and may
improve the renal function as well as oxidant/antioxidant
balance.

2. MATERIAL AND METHODS
2.1. Animals

A total of 60 female Sprague -Dawley rats at 2-3 month
of age and weighing 180-230 gm were used. Rats were bred
at temperature 20-25°C in the animal house, Medical
Experimental Research Center (MERC), Faculty of Medicine,
Mansoura University. They were conditioned in standard
metallic cages (6 rats per cage) with an alternating 12 h light
— dark cycle. They were acclimatized to the laboratory
conditions, fed standard rat chow and water was available
ad libitum. The experimental protocol of this work was
approved by Mansoura Local Ethical Committee (MMREC).

2.2. Experimental design

Sixty rats were allocated randomly into the following
three experimental groups (18 each) in triplicate (6 each).
Additionally, 6 rats were subjected to blood and renal
tissues sampling for estimation of normal parameters.
Group 1 (Positive control): ischemia reperfusion injury, Rats
were subjected to IRl to the left kidney for 1 h combined
with unilateral nephrectomy to the contralateral one. Group
2: Capsulotomy + IRI (IR+ CAP) complete capsulotomy of the
renal capsule was performed where the capsule was opened
along the entire greater curvature of the kidney, then IRI for
1hr to the left kidney and nephrectomy to the right kidney
was performed. Group 3: Partial capsulotomy+ IRI (IR+PC),
the rats were subjected to partial capsulotomy where a
small part of the posterior pole of the left kidney was incised
then IRI to left kidney for 1 hour and nephrectomy to the
right one were performed. The rats in the 3 groups were
divided into 3 subgroups according to the time of their
scarification. Rats were sacrified after 2, 7 and 14 days from
ischemia.
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2.3. Surgical procedures

All rats were anaesthetized using 7.5mg/kg ketamine
Hcl (Ketamax 50, Troikaa Pharmaceuticals Ltd, Gujarat,
India) and 0.1mg/kg xylazine Hcl (Xylajet, ADWIA, Egypt).
Amixture of them was injected IP in one syringe according to
[20].

Aseptic preparation to the surgical site was performed.
A midline incision was performed in the ventral abdomen
including meso-gastric and hypogastric region. The intestine
is rewarded to right side for good exposure of the left
kidney. IRl technique was conducted according to [21].
Briefly, the renal pedicle (renal artery, vein and nerve) was
dissected carefully from adjacent peri renal fat and
adventitia (Figure 1A). The renal pedicle was clamped by a
non-trumatic vascular clamp for 1 hour (Figure 1B). The
intestine redirected to the abdomen, the edges of the
abdominal incision adjusted to each other and covered with
a piece of gauze soaked with warm isotonic saline (37 °C)
and the rats were putted under heating lamp to avoid
hypothermia until performing the ischemia. After 1 hour the
gross signs of ischemia were appeared on the kidney. The
clamp was removed and the signs of reperfution began to
appear gradually.

Capsulotomy technique was performed according to
[19]. Complete capsulotomy; a  longitudinal incision was
performed from anterior pole to the posterior pole of the
kidney along the greater curvature of the left kidney by
using microsurgical scissor before induction of ischemia
(Figurel1C). Partial capsulotomy; a small incision was created
in the posterior pole of the kidney toward the middle of the
kidney befor induction of ischemia (FigurelD).

For nephrectomy, a right kidney was exposed before
the removal of vascular clamp, completely dissected from
adherent perirenal fat and liver (Figure 2A). The renal
pedicle and ureter were double ligated using 2/0 non
absorbable suture (Sofisilk company; Figure 2B) then cutting
in between them and remove the kidney (Figure 2C, D) after
removal of the bulldog clamp on the left renal pedicle. The
internal organ was readjusted to its sites and irrigated by
isotonic warm saline. Then the wound was closed by usual
manner. Dressing the wound was performed post
operatively and the heating lamp was adjusted on the
operated rats until recovery from anesthesia. All rats were
kept on a soft diet in the cages, monitoring of the general
health and care of the wound were evaluated till the time of
scarification. Rats were euthanized by single over dose of
thiopental sodium injected IP 7.5 mg /100g BW [22].

2.4. Biochemical analysis in blood and urine

Determination of serum and urine creatinine was
performed (Diamond Diagnostics, Egypt) according to [23]
for calculation of creatinine clearance; determination of
BUN (Stanbio Lab., Texas, USA); determination of serum
sodium (Spectrum Diagnostics, Egypt) according to [24].

2.5. Biochemical and histopathological analysis of the renal
tissues
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Determination of MDA (SIGMA) according to [25];
determination of NO (SIGMA) according to [26] these
parameters were measured using an automated
spectrophotometer (Slim Plus, Italy).

In histopathological examination, the kidneys were fixed
in 10% neutral buffered formalin. The samples were
dehydrated in graded ethanol and embedded in paraffin
wax. Four um-thick paraffin embedded sections were cut
and routinely stained with hematoxyline and eosin [27].
Each section was examined by light microscopy. The tissue
sections were stained by Masson trichrome stain to
investigate the collagen fibers [28]. Also, investigation was
carried out by staining histological section in periodic acid
Schiff reaction (PAS) for observing basal lamina and cell
membranes of renal structure [29] as well as with
methanamine silver stain (MSS) for observing cell
membranes , nuclei and reticular fibers and demonstrating
the degree of thickening of glomerular and tubular
basement membrane [3].

2.6. Statistical analysis

Statistical analyses were carried out using a commercial
software program (SPSS 20, USA). As an initial step,
homogenicity of the groups was tested by Kruskal Walis test,
and then descriptive statistics was done. General linear
model was conducted to assess the effect of time and
treatment. When the results were significant, one-way
ANOVA was performed at each time point. Results were
considered significant at p < 0.05.

3. RESULTS
3.1. Serum creatinine

Based on time and treatment interaction, there was a
significant variation of serum creatinine after treatments.
Accordingly, the complete capsulotomy showed a significant
decrease (P < 0.05) in the serum creatinine at 2 and 7 days
post-surgery in comparsion with partial capsulotomy. While
at 14 days, partial capsulotomy showed a significant
decrease (P < 0.05) in comparasion with complete
capsulotomy (Table 1).

3.2. Creatinine clearance

Effect of complete capsulotomy on creatinine
clearance at all three times (2, 7 and 14 days) showed a
significant improvement compared with partial capsulotomy
(Table 2).3.3. Serum BUN level

At 2 and 7 days BUN of IR+CAP group showed a
significant decrease (P < 0.05) compared to IR+PC while at
14 days the opposite occurs (Table 3).

3.4. Serum sodium

Serum sodium level after partial capsulotomy showed a
significant decrease (P < 0.05) when compared with
complete capsulotomy at 2 days. While at 14 days complete
capsulotomy showed a significant decrease (P < 0.05) than
partial capsulotomy (Table 4).

3.5. NO and MDA level in renal tissue extract

NO level of IR+PC groups at 7 and 14 days showed a
significant decrease (P < 0.05) compared to IR+CAP groups
(Table 5).

Results of MDA of IR+PC groups showed a significant
decrease(P < 0.05)compared to the IR+CAP groups at 2,7
and 14 days (Table 6).

3.7. Histopathological examination

The renal tubular epithelium showed coagulative
necrosis and eosinophilic hyaline cast in the lumen of the
renal tubule of the kidney at 2 days of IRI group (Figure 3B,
F). IR + CAP group at 2 days; kidney shows normal renal
glomeruli and degenerative changes in the renal tubular
epithelium lining renal tubules. (Figure 3C, G). Kidney of IR +
PC group at 2 days shows mild degenerative changes in the
renal tubular epithelium lining renal tubules. (Figure 3D, H).

Kidney is showing interstitial nephritis expressed by
lymphocytic infiltration in interstitial tissue at 7 days from
ischemia reperfusion injury (Figure 4B, F). IR+CAP group at 7
days, Kidney is showing interstitial nephritis represented by
mild lymphocytic exudate in interstitial tissue. (Figure 4C, G).
Kidney of IR + PC group at 7 days is showing normal renal
glomeruli and degenerative changes in renal tubular
epithelium lining renal tubular epithelium. Kidney is showing
bluish stained intraglomerular fibrous tissue proliferation.
Kidney is showing normal renal glomeruli and normal renal
tubules. (Figure 4D, F).

IRl group at 14 days showed normal renal glomeruli and
normal renal tubules. Kidney showd bluish stained fibrous
tissue septa in interstitial tissue. (Figure 5B, F). IR + CAP
group at 14 days; kidney shows severe interstitial nephritis
represented by intense lymphocytic exudate in interstitial
tissue. (Figure 5C, G). Kidney of IR + PC group, at 14 days
showed normal renal glomeruli and normal renal tubules
with normal renal tubular epithelium. Kidney shows normal
parenchyma without any fibrous proliferation (Figure 5D, H).

Table 1. Effects of capsulotomy on serum creatinine (mg/dl; mean + SD) in rats undergoing ischemia-reperfusion injury.

Group
0 2
Control 0.54+.018 .53+.018°
IR 0.54+.018 97+.114°
IR + CAP 0.54+.018 71+.091°
C
IR + PC 0.54+.017 1.35+.243

Time post treatments (days)

7 14
53+.018° .53+.018°
.92+.175° .66+.102°
61+.083° 1.24+.199°
1.09+.155° 195+.279°

In each column, the means with different superscript letters are significantly different at P < 0.05. IR refers to Ischemia reperfusion injury
group, CAP refers to complete capsulotomy and PC refers to Partial capsulotomy.
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Table 2. Effects of capsulotomy on serum Creatinine clearance (ml/min; mean * SD) in rats undergoing ischemia-reperfusion

injury.
Group Time post treatments (days)
0 2 7 14
Control 0.53+.008 0.53+.013" .53+.008% .54+,013°
IR 0.53+.008 0.29+.079° .39+.145% .69+.408°
IR + CAP 0.54£.013 .026+.224% .38+.326% .14+.118°
IR + PC 0.53+.008 0.09+.036° 062+.015" 057+.035*

In each column, the means with different superscript letters are significantly different at P < 0.05. IR refers to Ischemia reperfusion injury
group, CAP refers to Complete capsulotomy and PC refers to Partial capsulotomy.

Table 3. Effects of capsulotomy on serum BUN (mg/dl; mean + SD) in rats undergoing ischemia-reperfusion injury.

Group Time post treatments (days)

0 2 7 14
Control 31.26+7.7 31.26%7.7° 30.43+7.06° 30.46+6.99°
IR 30.43+7.1 106.03+11.3° 117.73+36.6° 57.95+20.64°
IR + CAP 30.93+7.4 82.25+17.6° 71.88+13.38° 84.70+£25.97¢
IR+ PC 34.16+6.3 118.13+15.3° 81.80+9.98° 46.75+27.31®

In each column, the means with different superscript letters are significantly different at P < 0.05. IR refers to Ischemia reperfusion injury
group, CAP refers to Complete capsulotomy and PC refers to Partial capsulotomy.

Table 4. Effects of capsulotomy on serum Na (mEq/L; meanSD) in rats undergoing ischemia-reperfusion injury.

Group Time post-treatments (days)
(] 2 7 14
Control 132.83+1.72 132.83%2.31° 134.33+2.80° 134.50%2.66°
IR 132.83+2.32 197.41+36.92° 216.65+24.37° 174.85+28.89°
IR + CAP 134.33+2.80 203.53+17.70° 198.73+29.47° 193.76+15.56°
IR + PC 134.83+2.56 134.98+31.88° 196.65+12.89° 265.66+104.98"

In each column, the means with different superscript letters are significantly different at P < 0.05. IR refers to Ischemia reperfusion injury
group, CAP refers to Complete capsulotomy and PC refers to Partial capsulotomy.

Table 5. The effect of capsulotomy on nitric oxide in renal tissue of rats undergoing ischemia-reperfusion injury (mmol /g
tissue; mean + SD).

Group Time post treatments (days)

0 2 7 14
Control 9.64+.302 9.64+.302° 9.53+.24° 9.64+.30°
IR 9.64+.302 19.16%3.07° 13.13%5.91° 13.26+3.08"
IR + CAP 9.64+.302 16.05+5.36° 22.25+5.41° 19.7846.62°
IR+ PC 9.64+.302 17.685.97° 16.01£2.69° 15.06+4.25%

In each column, the means with different superscript letters are significantly different at P < 0.05. IR refers to Ischemia reperfusion injury
group, CAP refers to Complete capsulotomy and PC refers to Partial capsulotomy.

Table 6. The effects of capsulotomy on serum malodialdehyde in renal tissues of rats undergoing ischemia-reperfusion injury
(mmol/g tissue; mean % SD).

Group Time post-treatments (days)

0 2 7 14

Control 53.19+.79 53.19+.7° 53.19+.79° 53.19+.79
IR 53.19+.79 86.58+7.9" 93.7+22.1° 69.6+10.34
IR + CAP 53.19+.79 69.33%38.3° 79+17.193° 70+24.99
IR+C 53.19+.79 61.83+16.6" 60.16+7.85° 57+13.61

In each column, the means with different superscript letters are significantly different at P < 0.05. IR refers to Ischemia reperfusion injury group, CAP refers to
Complete capsulotomy s and PC refers to Partial capsulotomy.
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Figure 1. Dissection of the left renal pedicle (A), clamping of the left renal pedicle (B),
complete capsulotomy of the left kidney (C) and partial capsulotomy of the left kidney
(D).

Figure 2. Two ligations in the right renal pedicle (A), cutting in between the two
ligations (B), and removal of the right kidney (nephrectomy) (C&D).
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Figure 3. A- Control group, kidney is showing normal renal glomeruli (arrow) and
normal renal tubules lined by normal renal tubular epithelium (arrow head) (HE, 400x),
E- control group, Kidney is showing normal parenchyma without any fibrous
proliferation (Masson trichrome, 400x), B- IR 2 days, kidney is showing coagulative
necrosis of renal tubular epithelium (arrow head) and eosinophilic hyaline cast in the
lumen of the renal tubule (arrow) (HE, 400x), F-IR 2 days, Kidney is showing normal
parenchyma without any fibrous proliferation. (Masson trichrome, 100x), C- IR+CAP 2
days, kidney is showing normal renal glomeruli and degenerative changes in the renal
tubular epithelium lining renal tubules (arrow) (HE, 400x), G- Kidney is showing normal
parenchyma without any fibrous proliferation. (Masson trichrome, 400x), D- IR+PC 2
days, kidney is showing mild degenerative changes in the renal tubular epithelium
lining renal tubules (arrow). (HE,100x). H- Kidney is showing normal parenchyma
without any fibrous proliferation. (Masson trichrome, 100x).
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Figure 4. A- Control group, kidney is showing normal renal glomeruli (arrow) and
normal renal tubules lined by normal renal tubular epithelium (arrow head) (HE, 400x),
E- control group, Kidney is showing normal parenchyma without any fibrous
proliferation (Masson trichrome, 400x), B-IR 7 days, Kidney is showing interstitial
nephritis expressed by lymphocytic infiltration in interstitial tissue (arrow). (HE, 100x).
F-IR 7 days, kidney displays dense bluish stained of glomerular basement membrane
(arrow). (Masson trichrome, 400x), C- IR+CAP 7 days, Kidney is showing interstitial
nephritis represented by mild lymphocytic exudate in interstitial tissue (arrow). (HE,
400x), G- IR+CAP kidney is showing normal parenchyma without any fibrous
proliferation (arrow). (Masson trichrome, 400x), D- IR+PC 7 days, Kidney is showing
normal renal glomeruli (arrow head) and degenerative changes in renal tubular
epithelium lining renal tubular epithelium (arrow). (HE, 100x), H-IR+PC kidney is
showing bluish stained intraglomerular fibrous tissue proliferation (arrow). (Masson
trichrome, 100x).
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Figure 5. A- Control group, kidney shows normal renal glomeruli (arrow) and normal
renal tubules lined by normal renal tubular epithelium (arrow head) (HE, 400x); E-
control group, Kidney shows normal parenchyma without any fibrous proliferation
(Masson trichrome, 400x); B- IR 14 days, kidney shows normal renal glomeruli (arrow)
and normal renal tubules lined by normal renal tubular epithelium (arrow head) (HE,
100x); F- IR14days, Kidney shows bluish stained fibrous tissue septa in interstitial
tissue (Masson trichrome, 100x); C- IR+CAP 14 days, kidney shows severe interstitial
nephritis represented by intense lymphocytic exudate in interstitial tissue (arrow) (HE,
100x),G- IR+CAP 14 days, Kidney shows normal parenchyma without any fibrous
proliferation (arrow, Masson trichrome, 100x); D- IR+PC14 days, kidney is showing
normal renal glomeruli (arrow) and normal renal tubules lined by normal renal tubular
epithelium (arrow head, HE, 400x). H- IR+PC14 days, Kidney shows normal
parenchyma without any fibrous proliferation. (Masson trichrome, 400x).

4. DISCUSSION

Acute kidney injury is the deterioration of renal function
over a period of hours to days, whic decreases the kidney
ability to excrete metabolic waste products and the control
of fluid and electrolyte homeostasis [30]. It is still
responsible for high percentage of the mortality rate of
many patients, although of new advanced therapies
protocols [3]. There is still some question marks about the
pathophysiology of AKI because of its complication and
incomplete information till now [31]. The main causes of AKI
in intensive care unit patients are renal ischemia in the
setting of low cardiac output and hypotension and sepsis
[32].

The rat is one of the most common models in AKI
studies, because it develops marked blood pressure
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elevation and glomerular injury [33]. The severity of damage
occurs in renal epithelial cells depends on initiation of
inflammatory reactions, onset of hypertension and
continuous nephrotoxic medication [31]. The renal tissue
has ability to regenerate after the reperfusion of blood is
occurred but not all of injured tissue, because of the more
damaged cells subjected to necrosis or apoptosis [34].

This study pointed to relieve the severity AKI, especially
excessive edema, swelling of the kidney and
hyporenovascular perfusion which occur as a result of renal
transplantation by induction of complete and partial renal
capsulotomy. The effects of such intervention on kidney
function tests and oxidative stress markers were
investigated.

In the present study, IR group induced asignificant
increase in serum ceatinine and BUN with significant
decrease in Cr. Clearance at 2 days and 7 days of
examination, suggesting the deterioration of glomerular
function as a result of renal vasoconstriction [38, 39]. In
addition, there was a significant increase in serum Na at the
both times, suggesting impairment of tubular function.
These results are in agreement with that of previous reports
[4, 40]. At 14 days post-surgery, all parameters declined to
their normal values, proposing the beneficial effect of our
intervention [41].

The renal tissue affected by IRl produces large amount
of ROS which causes oxidative stress [10, 42]. Oxygen free
radicals is produced during reperfusion phase of IRl from the
blood flow which cause lipid peroxidation that considered as
main pathway of free radical tissue injuries [10]. Nitric oxide,
oxidative stress marker is produced by inducible nitric oxide
synthase in the renal proximal tubules in response to
ischemic injury is a toxic agent [41]. Morover,MDA which is
one of the end products of lipid peroxidation, is also used as
a marker for free radicals detection in the damaged cell [43,
44]. The oxidative stress injury is evaluated by measuring
MDA and NO concentration, which are used as an indirect
indicators of ROS,because they are stable end product of
lipid peroxidation produced by ROS [45]. MDA was increased
significantly after 2,7 and 14 days, these results suggest the
role of ROS during IRI and exposed the harmful effects on
renal tissues [4, 40, 46]. Also, NO was increased significantly
after 2 days of IRI, but with non-significant increase at 7and
14 days. Such findings are in agreement with that reported
in a previous study [21] where IRI activates nitric oxide
synthase (NOS) and increases the expression of NOS
proteins [47].

In this study, the renal tissues IRl group at 2 days
reflected the signs of acute tubular necrosis, coagulative
necrosis, hyper cellularity of the mesengial cells and
apoptosis in the renal tubular epithelium. Easinophilic
hyaline cast in the lumen of the renal tubule with histeocyte,
lymphocyte and plasma cell infiltration were also recorded.
Neutrophilic infiltration and dissolution in the renal
glomeruli were observed. However, the kidney at 14 days of
IRl showed normal glomeruli and normal renal tubules lined
by normal tubular epithelium which ensure the theory of the
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regenerative ability of the renal tissues that agreed with
[48]. This regeneration was registered as intertubular
proliferation, presence of festooned appearance of lining
epithelium, regard solid sheet and mitotic activity. These
repair appeared as dedifferentiated epithelial cells had
multiplied mitotic appearance. Also there repair may be
attributed to the stem cells, which has the ability to
differentiate in vitro into endothelium and renal epithelium
[49].

The results of serum creatinine and creatinine clearance
showed good improvement in cases subjected to IR+ Cap
then sacrified after 2 and 7days where these parameters
become near to normal levels. This improvement in this
parameter may be attributed to that; the capsulotomy may
improve the renovascular perfusion that decrease the
deterioration of renal cell and the function of the kidney was
improved.

IR+ Cap group sacrified at 14days did not show this
improvement in serum creatinine and creatinine clearance.
On the other hand, BUN in all groups of IR+ Cap showed
significant decrease than IRl groups. Similar findings were
recorded in a previous report [50] who reported that renal
decapsulation in monkeys could increase the creatinine and
urea level in blood triple times. It has been mentioned that
the renal decapsulation in rats lowered the renal function
[51]. It has been also reported that a significant increase in
creatinine was observed in capsulotomy treatment in
patients with compartment syndrome. [52]

At 2 days, IR+CAP treated animals showed an
improvement in renal glomeruli with mild degenerative
changes in the renal tubular epithelium lining of renal tubule
which may be attributed to the improvement of the renal
function parameters at 2 days, comparing with that in IRI
group. Inspite of this result of complete capsulotomy at 2
days it causes severe interstitial nephritis at 14 days which
also may be accompanied with the increase of serum
creatinine that occurred at this time.

Conclusion

The partial capsulotomy could decrease serum
creatinine, BUN and diminish the oxidative stress at 14 days
post-surgery. It could also improve the renal tissue at short
time (2 days) or at the acute stage of injury and at a long
term time (14 days).

Conclusion

Finally, this study indicates the importance of the
presence of intact renal capsule for ischemically acute
kidney injury. Where the normal intact elastic renal capsule
is capable for absorbing the variability of the intrarenal
hydrostatic pressure under different states of renal
pathology and also able to re-maintain the renal function
tests and return the oxidative stress factors to the normal
values.
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