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ABSTRACT
Introduction: Acute kidney injury (AKI) is caused by the ischemic reperfusion injury brought on by ESWL exposure.
Aim of the Work: To study the impact of medicinal ozone on acute renal cortical injury induced by ESWL.
Material and Methods: Forty-four adult male Wistar rats were divided into: the control group; subdivided into negative control 
group (received no treatment) and positive control group (received intra-peritoneal injection of ozone/oxygen combination 
given once daily at a dose of 1mg/kg), the ESWL group; received 2000 shocks on the right kidney at a power level of 90 to 
100% at a rate of 60 shockwaves per minute under X-ray guidance and the ESWL+medical ozone group; received the ozone 
flow maintained at 3 L/min, equivalent to a gas combination of 97% O2 and 3% O3 with an ozone concentration of 60mg/ml 
via intra-peritoneal injection. After three days, blood samples were obtained to estimate serum urea and creatinine. Kidney 
tissues were processed for measurement of malondialdehyde (MDA), superoxide dismutase (SOD) and glutathione peroxidase 
(GPx), and light and electron microscopic examination. Morphometric and statistical analyses were performed.
Results: The ESWL group revealed significantly high levels of serum creatinine and urea and tissue MDA, and decreased 
SOD and GPx levels. There were shrinkage of glomeruli, distorted feet processes and thick basement membrane. Tubules were 
distorted with cytoplasmic vacuoles. The area% of collagen fibers and iNOS and HSP-70 immunoreactivity increased while 
the glomerular diameter decreased. Medical ozone caused marked improvement, both structurally and functionally.
Conclusion: Medical ozone can ameliorate ESWL-induced AKI via its antioxidant and anti-inflammatory properties.
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INTRODUCTION                                                                        

Acute kidney injury (AKI) is a clinical problem with 
rising prevalence and insufficient therapy alternatives. It 
is characterized by a rapid (within hours) deterioration 
in kidney function accompanied by structural damage[1]. 
AKI includes prerenal AKI, acute postrenal obstructive 
nephropathy and intrinsic acute kidney diseases[2].

Intrinsic AKI is considered the most clinically significant 
subtype in critically ill patients and can be associated 
with acute tubular necrosis (ATN). Its prognosis remains 
poor with a mortality rate of 40-80% in the intensive care 
unit. Its causes are categorized into: glomerular, tubular, 
vascular and interstitial causes[3]. 

The glomerular causes include acute inflammation 
of glomerular blood vessels and deposition of immune 
complexes especially in the glomerular basement 
membrane (GBM)[4]. On the other hand, the vascular 
causes include any acute event that reduces renal perfusion 
and GFR such as atherosclerotic plaques and cholesterol 

emboli in renal blood vessels[5]. Clinically, the main cause 
of intrinsic AKI is ischemia which can be caused by shock 
waves, hemorrhage and trauma[6]. 

Extracorporeal shock wave lithotripsy (ESWL) is one 
of the safest and most effective ways to treat kidney stones. 
The European Association of Urology approved ESWL as 
the primary line of treatment for most renal stones under 2 
cm in diameter that are situated in the pelvis or upper and 
middle calyces[7]. It has been a popular therapy option for 
many people for more than three decades[8].

Two major effects of shock waves on renal tissue 
can be distinguished:  traumatic vascular injury and 
ischemic reperfusion injury. Each of them has a different 
pathophysiological background. Acute renal injury 
following IRI does not improve and typically worsens over 
time. As an organ with high perfusion rates, the kidney is 
sensitive to reperfusion following ischemia[9,10].

Medical ozone; oxygen and ozone gas mixture, was 
proved to be curative in many illnesses, such as peritonitis, 
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infected wounds and severe ischemic diseases[11]. Previous 
studies proposed different therapeutic properties for 
medical ozone including antimicrobial, anti-inflammatory 
and antioxidant effects[12].

Medical ozone increases antioxidant enzyme activities 
such as superoxide anion by superoxide dismutase (SOD) 
and hydrogen peroxide by glutathione peroxidase (GPx). 
Ozone-blood interaction includes several biochemical 
steps. First, oxygen-ozone gas mixture dissolves in plasma. 
Ozone reacts mainly with antioxidant and polyunsaturated 
fatty acids (PUFAs). This results in generation of little 
concentration of ROS and lipid oxidation products    
(LOPs)[13]. 

There is yet no effective way to stop ischemic AKI 
brought on by ESWL in clinical settings. It is important 
to find a new clinical strategy for managing AKI and 
preventing the progress to its complications. Therefore, the 
objective of our study was to investigate whether medical 
ozone can ameliorate the histological and biochemical 
alterations induced by ESWL in the renal cortex of adult 
male albino rats.

MATERIALS AND METHODS                                            

Animals
Forty four adult male Wistar albino rats weighing 200-

250gm, aged 6-7 weeks were used. They were obtained 
from the Breading Animal House, Faculty of Medicine, 
Zagazig University. They were housed in a controlled 
room (temperature 25-27°C, 12-h light/12-h dark/cycle, 
and relative humidity of 40-70%) with food and water 
ad- libitum. They were acclimatized to their environment 
at least two weeks before starting the experiment. All 
experimental procedures were performed in accordance 
with the guidelines of the Institutional Animal Care and 
Use Committee (ZU-IACUC/F/135/2019 is the protocol 
approval number), and accepted by the Faculty of 
Medicine; Zagazig University.

Chemicals & instruments

1. ESWL: Dornier lithotripter S (EMSE 220F XP) 
(Germany): Zagazig University's Faculty of 
Medicine's Urology Department.

2. Medical ozone: Ozone is generated at the 
Rheumatology Department - Faculty of Medicine 
- Zagazig University using ozone generator 
(OZONOSAN Photonic 1014, Hans GmbH 
Nordring and Iffezheim, Germany).

Experimental design

Rats in all groups were anaesthetized via an intra-
muscular injection of 50mg/kg ketamine HCL and 10mg/
kg xylazine. Laparotomy was performed in all rats under 
complete aseptic conditions. Following upper abdominal 
midline incision, one hemo-clip was attached to the peri-
renal fatty tissue of right kidney for localization[14].

Rats were divided into three main groups
Control group (Group I, 22 rats): they were subdivided 

into two subgroups (eleven rats each):

• Subgroup Ia: (negative control): rats received no 
treatment throughout the experiment.

• Subgroup Ib: (positive control): rats received intra-
peritoneal injection of ozone/oxygen combination 
given once daily at a dose of 1mg/kg[15].

ESWL group (Group II, 11 rats): Before the ESWL 
session, rats received intra-peritoneal injections of 10mg/
kg xylazine hydrochloride and 50mg/kg ketamine HCL 
for anesthesia[14]. Under X-ray guidance, shock waves 
were administered to the right kidney while the rats 
were positioned in the supine posture on the lithotripter 
platform. Using a Dornier lithotripter S (EMSE 220F XP) 
(Germany), 2000 shocks at a power level of 90 to 100% 
were delivered to each rat at a rate of 60 shockwaves per 
minute[16].

ESWL group treated with medical ozone (Group III, 11 
rats): rats received the ozone flow which was maintained 
at 3 Litre/min, equivalent to a gas combination of 97% 
O2 and 3% O3 with an ozone concentration of 60mg/
ml. Following exposure to the ESWL session, an intra-
peritoneal (IP) injection of ozone/oxygen combination was 
administered with a single dose of 1 mg/kg/day for three 
days in a row[17].

Three days after the experiment began; rats were 
sacrificed after being given an intra-peritoneal injection 
of sodium phenobarbital with a dose of 50mg/kg. Blood 
samples from the orbital vein were collected to measure 
the serum concentrations of urea and creatinine, and 
antioxidant enzymes in tissue homogenates[18]. 

Intra-cardiac perfusion was carried out through the heart 
apex with 2.5% glutaraldehyde in 0.1 mol/l cacodylate 
buffer (pH 7.3) for 5 min for partial fixation of the kidney. 
A midline upper abdominal incision was performed and 
the kidney was dissected. The samples were prepared for 
biochemical and histological studies[19].

Biochemical analysis

Serum urea and creatinine levels : Blood was collected 
in   a capillary tube by a retro-orbital puncture from each rat 
in all groups. The samples were centrifuged at a speed of 
3000 rpm to separate the serum. The samples were kept at 
-20°C in a freezer. Quanti Chrom TM assay kits were used 
to estimate measurements using a traditional colorimetric 
approach[20].

Assessment of super-oxide dismutase (SOD) activity: 
It was measured in a tissue homogenate according to the 
method described by Nishikimi et al[21].  It was achieved 
relying on the ability of the enzyme to inhibit the phenazine 
methosulphate mediated reduction of nitroblue tetrazolium 
dye. The increase in absorbance at 560 nm for 5 min is 
measured. The results were expressed as U/gm.
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Assessment of glutathione peroxidase (GPx) activity: 
The Paglia and Valentine method was used to calculate GPx 
in kidney homogenates[22]. The assay is an indirect measure 
of the activity of cellular GPx. Oxidized glutathione; 
produced upon reduction of an organic peroxidase by GPx, 
is recycled to its reduced state by the enzyme glutathione 
reductase. The tissue homogenate is added to a solution 
containing glutathione, glutathione reductase and NADH. 
The oxidation of NADH to NADP+ is accompanied by 
a decrease in absorbance at 340nm (A340) providing a 
spectrophotometric means for monitoring GPx enzyme 
activity. The results were expressed as U/gm.

Assessment of malondialdhyde (MDA) activity: It was 
determined using the Ohkawa et al. technique in kidney 
homogenates[23]. Thiobarbituric acid (TBA) reacts with 
MDA in an acidic medium at tempreture 950 C for 30 min to 
form thiobarbituric acid reactive product. The absorbance 
of resultant pink product can be measured at 534 min. The 
results were expressed as nmol MDA/g tissue.

Histological study
The right kidney of each animal was carefully dissected 

and divided into two parts; one for light and the other for 
electron microscopic preparations.

Light microscopic study
According to Suvarna et al,[24] specimens were 

immediately fixed in formaldehyde for 24 hours, 
dehydrated, cleared, impregnated in pure soft paraffin and 
then embedded in hard paraffin. Serial were cut at 5-μm 
thickness by a microtome. The sections were stained by the 
following methods:

1. Hematoxylin & eosin. 

2. Mallory trichrome for identification of collagen 
fibers.

3. Periodic acid Schiff (PAS). To assess brush border 
of proximal convoluted tubules and basement 
membranes of renal tubules and glomerular 
capillaries.

4. Immuno-histochemical staining for:

a. Inducible nitric oxide synthase (iNOS): 
a marker for inflammation-induced nitric 
oxide synthesis[25]. Primary antibody is a 
mouse monoclonal IgG-type antibody (clone 
608, Cat. #M 618, DAKO, Egypt)

b. Heat shock protein-70 (HSP-70): an 
indicator of thermal and oxidative stress[26]. 
Primary antibody is a mouse monoclonal 
IgG-type antibody (clone 3A3, Cat. # MA3-
006, Thermo Fisher Scientific, USA) 

In order to prepare the sections for immuno-staining, 
they were initially placed in a 10 Mm, pH 6 citrate solution 
to boil for 10 minutes to extract antigens, afterwards 20 
minutes of cooling at room temperature. The primary 

antibodies were applied to the sections for an hour. The 
immuno-staining procedure was completed with an ultra-
vision detecting system, and Mayer's hematoxylin was 
used as a counter-stain.

Electron microscopic study[27]

Leica ultra-cut (UCT) ultra-thin sections were 
obtained, analyzed, and photographed using a JOEL EM 
1010 transmission electron microscope after staining with 
uranyl acetate and lead citrate in the Faculty of Agriculture 
- Mansoura University - Electron Microscope Research 
Laboratory (EMRL) (Egypt). 

Morphometric study
The data were obtained using the Leica QWin 500 

image analyzer computer system (Leica Ltd, Cambridge, 
UK) in the image analysis unit at Pathology Department, 
Faculty of Dentistry, Cairo University. The image analyzer 
consisted of a colored video camera, colored monitor 
and hard disc of IBM personal computer connected to 
the Olympus microscope (CX 41) and controlled by 
Leica QWin 500 software. The image analyzer was first 
calibrated automatically to convert the measurement units 
(pixels) produced by the image analyzer program into 
actual micrometer units. The image analyzer computer 
system was used to evaluate the area percentage of collagen 
fibers, iNOS and HSP-70 immuno-reaction and diameter 
of glomeruli. The measuring frame of a standard area was 
equal to 7286, 78 µm2. For each parameter, ten different 
non overlapping fields from each slide were examined.

Analysis of statistics
Data were presented as means ± standard deviation 

(SD). The data were subjected to one-way Analysis of 
Variance (ANOVA) at 95% level of confidence and the 
statistical package for social sciences (SPSS-16; Chicago, 
IL, USA) program. The Tukey's Kramer HD test which 
considers p <0.05 to be significant and highly significant 
if P <0.001, was used to identify significant differences 
between the means[28]. 

RESULTS                                                                                      

General observation
The animals in the ESWL group showed petechial 

hemorrhage on the skin at the site of delivery of shock 
waves immediately after ESWL session. No macro¬scopic 
changes were noted in the abdominal organs during 
exploration (Figure 1).

Biochemical results (Table 1, Figure 2 a,b)
The ESWL group had significantly increased levels 

of serum creatinine and urea (P <0.0001, P <0.0009, 
respectively), and MDA in tissue homogenates (P < 0.013) 
while there was decreased SOD and GPx levels in tissue 
homogenates, compared to the control and medical ozone 
groups. On the other hand, the difference between the 
control and medical ozone groups was non-significant. 
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Histological results
1) Light microscopic findings

H&E-stained sections of the control rats revealed intact 
renal corpuscles and renal tubules. Each renal corpuscle 
was made up of tuft of capillaries; glomerulus, that was 
enclosed in Bowman's capsule which consists of visceral 
and parietal layers and Bowman’s space in between. 
Proximal and distal convoluted tubules were lined by 
simple cuboidal epithelium with central rounded pale 
nuclei. The lumina of the PCTs were narrower than the 
distal ones (Figure 3A).

ESWL group showed glomerular atrophy with wide 
Bowman's spaces. Also, glomerular vacuolations were 
observed. Tubules appeared distorted with dark nuclei and 
vacuolated cytoplasm. The interstitium revealed cellular 
infiltration, thick congested blood and congested peri-
tubular capillaries (Figures 3 B,C).

Medical ozone-treated group showed the renal 
corpuscles with glomerular capillary tufts surrounded by 
Bowman's space. Some of the glomeruli were congested. 
The interstitium showed cellular infiltration and congested 
peri-tubular capillaries. Most of the epithelial lining cells 
of the PCTs and DCTs exhibited acidophilic cytoplasm and 
vesicular nuclei (Figure 3D).

Few collagen fibers around the renal corpuscles, blood 
vessels and renal tubules were exhibited in Mallory’s 
trichrome-stained sections of the control rats (Figure 4A). 
ESWL group showed capsular thickening with increased 
collagen fibers around tubules, glomerular capillaries 
and blood vessels (Figures 4 B,C). Moderate amount of 
collagen fibers around the renal corpuscles, blood vessels 
and renal tubules were observed in medical ozone-treated 
group (Figure 4D).

The brush borders of PCTs as well as the basement 
membranes of renal corpuscles, glomerular capillaries and 
renal tubules, showed positive PAS reaction in sections of 
the control rats (Figure 5A). In sections of ESWL group, 
focal loss of reaction in the brush borders of some renal 
tubules was revealed (Figure 5B).  Medical ozone-treated 
group showed positive reaction at the brush borders of most 
renal tubules and the basement membranes of renal tubules 
and glomerular capillaries. Areas of loss of reaction were 
still detected in some tubules (Figure 5C). 

Immune localization of iNOS in the control rats 
exhibited faint cytoplasmic reaction in few renal tubules 
and glomeruli (Figure 6A). Most cells lining tubules and 
glomerular capillaries in sections of the ESWL group had 
an increased cytoplasmic reaction (Figure 6B). Some of 
the lining cells of tubules and glomerular capillaries had 
an increased cytoplasmic reaction in the medical ozone-
treated group (Figure 6C).

Immune localization of HSP-70 in the control rats 
revealed cytoplasmic and nuclear reactions in some lining 
cells of renal tubules (Figure 7A). ESWL group revealed an 

increased reaction in the cells lining glomerular capillaries 
and tubules (Figures 7 B,C). Medical ozone-treated group 
exhibited positive reaction both in nuclei and cytoplasm 
of few lining cells of tubules and glomerular capillaries 
(Figure 7D). 

2) Electron microscopic findings

Ultrathin sections of the blood renal barrier (BRB) in 
the control rats showed podocytes with primary and inter-
digitating secondary feet processes. Glomerular blood 
capillaries were lined by thin fenestrated endothelium. 
The glomerular basement membrane appeared thin and 
uniform (Figure 8A).  ESWL group showed glomerular 
capillaries with distortion of their endothelial lining, 
focal loss of fenestration and thick glomerular basement 
membrane. Podocytes had small heterochromatic nuclei 
and distorted feet processes (Figure 8B). Medical ozone-
treated group showed marked improvement. Glomerular 
capillary endothelium was thin with intact fenestrations. 
The glomerular basement membrane appeared thin and 
uniform. There were regularly arranged feet processes of 
podocytes. However, some distorted feet processes and 
areas of lost fenestrations were still observed (Figure 8C).  

Regarding the epithelial cells lining PCTs in the control 
group, they had pale nuclei with prominent nucleoli, intact 
microvilli, elongated mitochondria lodged within basal 
infoldings and thin basement membrane (Figure 9A). 
ESWL group contained apical cytoplasmic vacuolations, 
autophagosomes, distorted mitochondria, irregular basal 
infoldings and thick basement membrane (Figures 9 B,C). 
Medical ozone-treated group revealed pale nuclei, intact 
microvilli, elongated mitochondria appeared lodged within 
basal infoldings and thin uniform basement membrane. 
However, cytoplasmic vacuoles were still present                      
(Figure 9D).

As regards the epithelial cells lining DCTs in the 
control group, they showed pale nuclei with prominent 
nucleoli, intact microvilli, elongated mitochondria lodged 
within basal infoldings, and a thin basement membrane                                                                                 
(Figure 10A). ESWL group exhibited small heterochromatic 
nuclei, irregular mitochondria distorted basal infoldings 
and a thick basement membrane (Figure 10B). Medical 
ozone-treated group revealed pale nuclei, elongated 
mitochondria within their basal infoldings. However, the 
basement membrane was thick (Figure 10C). 

Morphometric results and statistical analysis
The mean values of area% of collagen fibers were 

significantly higher in the ESWL group compared to the 
control as p. value <0.001 (21.20 ± 9.75and 5.49 ± 1.99 
respectively). When compared to the control, the medical 
ozone treated group exhibited a non-significant difference 
(Figure 11, Table 2). 

Area% of iNOS and HSP-70 immunoreaction mean 
values exhibited a significantly increase in the ESWL group 
(13.67 ± 3.78 and 12.43 ± 1.39 respectively)   compared to 
the control group as P value <0.0001. There was a non-
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significant difference between the medical ozone-treated 
group and the control group (Figure 11, Table 2). 

The diameter of glomeruli showed a significant decline 
in the ESWL group (0.75 ± 0.19) when compared to control 

(1.88 ± 0.13) as P value <0.0001. On the other hand, a non-
significant difference between the medical ozone-treated 
group (1.76 ± 0.20) and the control group was reported                                                            
(Figure 11, Table 2).

Fig. 1: Petechial hemorrhage on the skin at the site of delivery of shock waves

Fig. 2a: Changes in serum urea, MDA, SOD and GSPx in different 
experimental groups

Fig. 2b: Changes in serum creatinine levels (mg/dl) in different 
experimental groups
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Fig. 3: H&E-stained sections in the renal cortex. (A) Control group showing glomeruli surrounded by visceral (arrow head) and parietal (curved arrow) 
layers of Bowman’s capsule that are separated by Bowman’s space (asterisk). Proximal (P) and distal (d) convoluted tubules are lined by simple cuboidal 
epithelium with pale central rounded nuclei. The lumina of the proximal tubules are narrower than the distal ones. (B & C) ESWL group showing in (B), 
atrophied glomerulus (G) with wide Bowman's space (asterisk). Tubules appear distorted (T) with vacuolated cytoplasm (curved arrow) and dark nuclei (arrow 
head). Congested peri-tubular capillaries (arrow) are also seen. In (C), showing vacuolated cytoplasm (curved arrow) in some of tubules (T). Glomerular (G) 
vacuolation is observed (arrow head). The interstitium reveals cellular infiltration (asterisk), a thick congested blood vessel (bv) and congested peritubular 
capillaries (arrow). (D) ESWL treated with medical ozone group showing congested glomerular capillaries (G) surrounded by Bowman´s space (asterisk). The 
proximal (P) and distal (d) convoluted tubules are seen with acidophilic cytoplasm (arrow head) and vesicular nuclei (short arrow). The interstitium shows 
cellular infiltration (arrow) and congested peri-tubular capillaries (curved arrow). (H&E x400)

Fig. 4: Mallory trichrome-stained sections. (A) Control group showing few collagen fibers (arrow) around the renal corpuscle (C), glomerular capillaries (G) 
and blood vessels (bv) and in-between renal tubules (T). (B & C) ESWL group showing in (B), thick capsule (double arrow). There are increased collagen fibers 
(arrows) around tubules (T), renal corpuscle (C) and glomerular capillaries (G). In (C), showing abundant collagen fibers (arrow) around blood vessel (bv). (D) 
ESWL treated with medical ozone group showing moderate amount of collagen fibers (arrows) around the glomerular capillaries (G), the renal corpuscle (C), 
the renal tubules (T) and blood vessels (bv). (Mallory trichrome x400)
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Fig. 5: PAS-stained sections. (A) Control group showing positive reaction at the brush borders of the renal tubules (arrow) and the basement membranes (arrow 
head) of the renal tubules (T), the renal corpuscles (C), and the glomerular capillaries (G). (B) ESWL group showing areas of lost reaction (arrow) in the brush 
borders of some renal tubules (T). Positive reaction (arrow head) is noticed in the basement membrane of the tubules, the renal corpuscle (C) and glomerular 
capillaries (G). (C) ESWL treated with medical ozone group showing positive reaction at the brush borders (arrow) of most renal tubules (T), and the basement 
membranes (arrow head) of the renal tubules, Bowmen's capsule (C) and glomerular capillaries (G). Areas of loss of reaction (curved arrow) are still detected 
in some tubules. (PAS x400)

Fig. 6: iNOS immunostained sections. (A) Control group showing faint cytoplasmic reaction (arrow head) in a few tubules (T) and glomerular capillaries (G). 
(B) ESWL group showing increased cytoplasmic reaction (arrow head) in most of tubular lining cells (T) and in some glomerular capillaries (G). (C) ESWL 
treated with medical ozone group showing increased cytoplasmic reaction (arrow head) in some of the tubular lining cells (T) and in the glomerular capillaries 
(G). (iNOS immuneperoxidase x400)
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Fig. 7: HSP-70 immunostained sections. (A) Control group showing cytoplasmic (arrow) and nuclear (curved arrow) reaction in some renal tubules (T). 
(B & C) ESWL group showing in (B), increased cytoplasmic (arrow) and nuclear (curved arrow) reactions in the tubular lining cells of many tubules (T). 
In (C), showing the reaction in the nuclei (curved arrow) and cytoplasm (arrow) of some glomerular capillaries (G). (D) ESWL treated with medical ozone 
group showing positive reaction both in nuclei (curved arrow) and cytoplasm (arrow) of few tubules (T), and glomerular capillary endothelium (G). (HSP-70 
immuneperoxidase x400)

Fig. 8: Ultrathin sections of the renal barrier. (A) Control group showing a podocyte (P) with primary processes (double arrow) and interdigitating secondary 
processes (arrow). The glomerular capillary is lined by thin fenestrated endothelium (curved arrow). The glomerular basement membrane appears thin and 
uniform (thick arrow). (B) ESWL group showing a podocyte with small heterochromatic nucleus (N) and distorted feet processes (arrow). The endothelium 
with areas of lost fenestrations (curved arrow) is seen. The glomerular basement membrane is thickened (thick arrow). (C) ESWL treated with medical ozone 
group showing a podocyte with large pale nucleus (N) and some distorted feet processes (arrow). The glomerular basement membrane appears thin and uniform 
(thick arrow). A glomerular blood capillary with areas of lost fenestrations (curved arrows) is seen.
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Fig. 9: Ultrathin sections of tubular epithelial cells of PCTs. (A) Control group showing the proximal tubular epithelial cell containing pale nucleus (N) with 
prominent nucleolus (n), and luminal microvilli (mv). Elongated mitochondria (m) are seen lodged within basal infoldings (arrow head). Thin basement 
membrane (zigzag arrow) is noticed. (B & C) ESWL group showing in (B),  a small nucleus (N) with heterochromatic condensation. Apical cytoplasmic 
vacuoles (asterisk) are noticed. There are irregular and widely separated basal infoldings (arrow heads), and distorted mitochondria (m). Basement membrane 
is thickened (zigzag arrow). In (C), showing nucleus (N), cytoplasmic vacuolations (asterisk) and swollen distorted mitochondria (m) with masked internal 
structure. There are irregular basal infoldings (arrow heads). Basement membrane is observed (zigzag arrow). An autophagosome (short arrow) is seen. (D) 
ESWL treated with medical ozone group showing rounded pale nucleus (N), elongated mitochondria (m) appeared lodged within basal infoldings and apical 
microvilli (mv). The basement membrane is thin and uniform (zigzag arrow). Cytoplasmic vaculations (asterisks) are seen.

Fig. 10: Ultrathin sections of tubular epithelial cells of DCTs. (A) Control group showing pale nuclei (N), elongated mitochondria (m) and regular basal 
infoldings (arrow head). The basement membrane is thin and uniform (zigzag arrow). (B) ESWL group showing small heterochromatic nucleus (N) is observed. 
Distorted basal infoldings (arrow heads) and irregular mitochondria (m) are seen. The basement membrane is thickened (zigzag arrow). (C) ESWL treated 
with medical ozone group showing pale nuclei (N). Elongated mitochondria (m) within their basal infoldings (arrow head) are also observed. The basement 
membrane is thickened (zigzag arrow).
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Fig.  11: Mean values of area percent of collagen fibers, area percent of iNOS and HSP-70 immunoreaction and diameters of glomeruli in different experimental 
groups

Table 1:  Changes in serum urea, serum creatinine, MDA, SOD and GSPx of behavioral tests between different experimental groups.

Parameters Control group ESWL group ESWL + Medical Ozone group P-value

Serum creatinine (mg/dl) 0.23 ± 0.01b 0.36 ± 0.015a 0.24 ± 0.01b < 0.0001**

Serum urea (mg/dl) 46.00 ± 3.46b 64.00 ± 5.57a 51.67 ± 2.08b < 0.0009**

MDA (nmol/g) 92.17 ± 5.58b 126.67 ± 10.69a 98.40 ± 3.93ab 0.008**

SOD (U/gm) 30.83 ± 3.33b 16.1 ± 1.05c 23.97 ± 3.05a 0.002**

GPx (U/gm) 24.5 ± 3.5a 11.43 ± 0.9b 21.1 ± 0.66 a < 0.0001**

* : Significant (p<0.05).
**: Highly significant difference (p<0.01).
ab Means within the same column carrying different superscripts are significantly different at p < 0.05 based on Tukey,s Kramer HD test.
S.D.: standard deviation.
Values are expressed as mean (X) ± standard deviation (SD).

Table 2: Mean values (± SD) of area percent of collagen fibers, area percent of iNOS and HSP-70 immunoreaction and diameters of glomeruli 
between different experimental groups.

Parameters Control group ESWL group ESWL + Medical Ozone group P-value

Area % of collagen fibers 5.49 ± 1.99b 21.20 ± 9.75a 7.61 ± 2.76b 0.001**

Area % of iNOS 0.70 ± 0.49b 13.67 ± 3.78a 1.49 ± 0.85b < 0.0001**

Area % of HSP-70 0.20 ± 0.17b 12.43 ± 1.39a 0.32 ± 0.28b < 0.0001**

Diameter of glomeruli 1.88 ± 0.13a 0.75 ± 0.19b 1.76 ± 0.20a < 0.0001**

**: Highly significant difference (p<0.01).
abMeans within the same column carrying different superscripts are significantly different at p < 0.05 based on Tukey,s Kramer HD test.
S.D.: standard deviation.
Values are expressed as mean (X) ± standard deviation (SD).
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DISCUSSION                                                                    

Acute kidney injury (AKI) is a serious clinical illness 
affecting public health internationally with high death rate, 
and yet there is no clinically effective treatment. Medical 
costs are considerable because the majority of operations 
include supportive care or dialysis[29]. The goal of this study 
was to shed light on the potential alterations in the renal 
cortex of adult male albino rats following ESWL exposure, 
and investigate the ameliorative effect of medical ozone.

In the present study, 2000 shocks with a power level 
90-100% at a rate of 60 shock waves per minute were used. 
It is preferred to use an average of 700 to 3000 shocks of 
varied voltage to dissolve kidney and ureteral stones. No 
pathologic changes were reported after administering 500 
SWs to animal models[30].

Measurement of serum urea and creatinine in the 
ESWL group revealed a highly significant increase in their 
levels compared to the control group. Mohammadi et al,[31] 
explained the previous finding by the reduced GFR.

The ESWL group showed a highly significant reduction 
in the SOD mean values which was attributed by Li et al,[32] 
to the oxidative stress brought on by IRI. Also, the levels 
of glutathione peroxidase (GPx); another H2O2 scavenger, 
were significantly decreased. Costa et al, and Gibb                                                                                                             
et al,[33,34] reported that several IRI-induced acute injuries 
result in a decrease in GPx due to oxidative stress and ROS 
generation.

In the current work, the statistical analysis of MDA 
mean values sets up an evidence of cell death by revealing 
a highly significant rise in the ESWL group in comparison 
to the other groups. Demir Çaltekin et al. declared an 
increase in MDA levels following ovarian IRI. MDA plays 
a significant role in AKI and contributes to cell death[35]. 
As a result of MDA activity distortion, cell membrane 
permeability and fluidity are compromised. Additionally, 
it results in cell separation and breakdown of intra-
cytoplasmic organelle material[36].

The cells lining the renal tubules revealed 
vacuolar degeneration and dark nuclei in the ESWL 
group. Ultrastructural examination exhibited small 
heterochromatic nuclei, numerous cytoplasmic vacuoles, 
irregular basal infoldings and swollen mitochondria with 
masked internal structure. According to Kar et al,[37] IRI-
induced tubular atrophy is a result of reactive oxygen 
species generation that attack cell membranes, and cause 
lipid peroxidation. Proximal convoluted tubules (PCTs) 
are the main target cells of acute IRI depending on the 
degree of injury[38]. Due to the actions of neutrophils and 
damaged mitochondria, free radicals caused degenerative 
changes in the tubular epithelial cells. ROS retention 
causes breakage of DNA and deterioration of the cell 
and organelle membranes resulting in cell death through 
necrosis, apoptosis and autophagy[39]. 

In the same context, Fawzy et al,[40] clarified that 
nuclear factor kappa B (NF-kB) controls inflammation 

and apoptosis during IRI, and the hypoxia that takes 
place during this process blocks the oxygen receptor and 
stimulates NF-kB. Other studies attributed apoptosis to an 
excess of ROS production, up regulation of Bax expression 
and down regulation of Bcl-2 expression[41].

Increased cytosolic calcium ions activate the 
mitochondrial permeability transition pore; a non-specific 
channel that contributes to swollen mitochondria and 
result in loss of the internal mitochondrial membrane 
impermeability to solutes (mPTP). This process results 
in mitochondrial swelling which leads to mitochondrial 
malfunction and activation of the apoptotic pathway[42].

The cytoplasmic vacuoles and autophagosomes 
observed in the current study were attributed by Doherty 
et al,[43] to excessive autophagy that results in excessive 
destruction of vital proteins and organelles causing 
autophagic cell death. Reperfusion can also induce 
autophagy as it prevents the injured mitochondria from 
producing harmful chemicals which is one protective 
function of autophagy[44].

In addition, the ESWL group revealed shrinkage of 
glomeruli with wide bowman's space that was statistically 
confirmed by a highly significant decline in the glomerular 
diameter in comparison to the control. Roshankhah                             
et al,[45] found that renal I/R considerably reduced the mean 
glomerulus diameter. Also, there was congestion of some 
glomeruli and peri-tubular capillaries in the ESWL group. 
According to Cai et al,[46], vascular permeability changes 
are directly associated to AKI, and the micro-vascular 
hypo-perfusion, edema, hypoxia, and inflammation 
are caused by capillary hyper-permeability to proteins 
exacerbating tissue damage and dysfunction.

The blood renal barrier (BRB) from sections in the 
ESWL group exhibited glomerular capillary endothelial 
damage, thickened glomerular basement membrane and 
deformed podocytes feet processes. Similar results were 
obtained by Chen et al,[47] who added that renal ischemia at 
30 minutes after reperfusion lowered the expression of the 
functional proteins nephrin and synaptopodin.

The renal cortex interstitium in the ESWL group 
revealed cellular infiltration. In the initial phases of IRI, 
neutrophils migrate and adhere to the site of damaged 
tissues releasing (IL-7). Moreover, pro-inflammatory 
cytokines including tumor necrosis factor alpha (TNF) 
are released from macrophages causing cells to go into 
apoptosis[48].

Some renal tubules in the ESWL group showed focal 
loss of PAS reaction in their brush borders which was in 
line with Huang et al,[49] who reported that the glycocalyx 
damage is caused by AKI-induced oxidative stress. During 
oxidative stress, the uncoupled endothelial nitric oxide 
synthase (eNOS) induces endothelial cell dysfunction, 
activation and recruitment of leukocytes and results in 
denudation of the glycocalyx[50].
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ESWL group sections showed capsular thickening with 
prominent perivascular and interstitial fibrosis which was 
confirmed statistically as the area% of collagen fibers was 
significantly higher in the ESWL group compared to the 
control. In agreement, Demir et al,[30] showed extensive 
perivascular and ureteral fibrosis after application of high 
dose and high energy ESWL. In previous researches using 
a rat model, shock waves caused tubular injury, interstitial 
infiltration, and tubulo-interstitial fibrosis. Renal fibrosis is 
mostly attributed to the epithelial-mesenchymal transition 
(EMT) brought on by oxidative stress[51,52].

Regarding immune localization of iNOS in the renal 
cortex of the ESWL group, there was a significant increase 
in its area% compared to the control. Similar results were 
obtained by Gao et al, and Roshankhah et al,[53,45]. This 
finding was explained by enhancing synthesis of inducible 
nitric oxide synthase (iNOS) as a result of elevated levels 
of TNF-α, IFN-γ and IL-1β[54]. Following renal IR, the 
expression of iNOS increases in tubules augmenting NO 
production while the expression of eNOS is inhibited 
reducing NO production from endothelium and as a result 
vasoconstriction occurs[55].

The ESWL group also revealed a significant increase 
in area% of HSP-70 immune-reactivity as compared to the 
control. Golmohammadi et al,[56] reported that IR markedly 
elevated the expression of caspase-3 and HSP-70. Ullah 
et al,[57] added that cisplatin-induced AKI up-regulates the 
expression of HSP-70 and HSP-90. HSP-70 expression was 
up-regulated in the renal cortex during AKI in order to clear 
out mis-folded proteins caused by oxidative damage and to 
guarantee the correct shape of newly generated proteins[58]. 
ROS encourages the creation of HSP-70 to shield enzymes 
and other cell components from the damaging effects of 
ROS[59]. 

In the present study, administration of medical ozone 
was proved to improve the renal cortex. Functionally, 
there was non-significant difference between the medical 
ozone and the control groups regarding the levels of serum 
creatinine and urea. The histological structure was nearly 
similar to the control apart from some congested capillaries, 
few cytoplasmic vacuoles and distorted feet processes. 

Wang et al,[60] explained the previous findings as O3 
delivery can affect particular systems to enhance cell 
survival and proliferation by preventing the apoptotic 
processes. Caspases 1-3-9, hypoxia-inducible factor (HIF), 
tumor necrosis factor-a (TNF-), Bcl-2-associated X protein 
(Bax), poly (ADP-ribose) polymerase 1 (PARP-1) and p53 
gene expression are all specifically down-regulated by O3. 
Zeng et al,[61] added that in patients who received ozonated 
autohemotherapy (OAHT) treatment, ozone modulated 
local neutrophil accumulation, IL-6, TNF-, IL-17a and 
IL-23 expression in skin disorders, and increased the total 
local antioxidant capacity.

According to Singh et al.[62], after ozone is 
administered, it instantly dissolves in plasma and interacts 
with macromolecular glycoproteins. These substances are 

oxidized to form H2O2 which may alter cellular metabolism 
to promote tissue regeneration, activate the innate immune 
system and support cell survival in response to IRI. Han                                                                                                                 
et al,[63] reported that ozone oxidative pre-conditioning 
could reduce the inflammatory reaction and oxidative stress 
injury in renal allograft. Similarly, O3 preconditioning was 
reported to have a protective effect on myocardial IRI 
by up-regulation of HIF-1α; a key mediator of cellular 
homeostasis in response to hypoxia, which plays an 
important role by reducing mitochondrial dysfunction[64].

By boosting the oxidative carboxylation of pyruvate and 
promoting the synthesis of adenosine triphosphate (ATP), 
medical ozone activates Kreb's cycle in mitochondria. It 
also causes a significant reduction of nicotinamide adenine 
dinucleotide (NADH) and an increase of the coenzyme A 
levels to fuel the Kreb’s cycle and oxidize cytochrome C[65]. 

Cai et al,[66] described how oxidative stress-induced cell 
injury could increase MDA. A considerable drop in MDA 
following ozone therapy showed that ozone significantly 
reduced the mitochondrial oxidative damage brought on by 
I/R injury[67].

In the current work, the medical ozone group displayed 
a reduction in the amount of collagen fibers surrounding 
the renal corpuscles, renal tubules and blood vessels. There 
was a non-significant difference in the area % of collagen 
fibers in comparison to the control group. This was 
consistent with Wang et al,[68] who described how ozone 
may have a novel therapeutic function in the treatment 
of ischemic renal fibrosis by altering the TGF-1/Smad7 
pathway. 

Regarding iNOS immunoreaction in the medical ozone 
group, it was non-significant compared to the control 
group. Nitric oxide (NO) overproduction can be prevented 
by using medical ozone. Medical ozone inhibits iNOS 
which produces NO through NF-B signaling[69,70]. Previous 
studies demonstrated the capacity of ozone to increase NO 
levels in some organs including the liver, heart, muscles, 
kidney and testis, as well as to activate and up-regulate the 
genes connected to NOS[71].

On the other hand, non significant difference in the 
area % of HSP-70 immune reactivity was found between 
the medical ozone and the control groups. In agreement 
Salama and Elmalt,[72] stated that pre-treatment and post-
treatment with other antioxidants significantly reduced 
renal TNF-α, TLR4 and HSP-70 contents.

Ozone has been shown in studies to activate the body 
defenses against oxidative stress and to promote the 
production of nuclear factor erythroid 2-related factor 2 
(Nrf2)/electrophile-responsive element (EpRE). Nrf2 was 
reported to boost the action of the antioxidant enzymes 
and controls the induced expression of antioxidants such 
as superoxide dismutase, glutathione peroxidase and 
catalase[73,74].

In the same context, assessment of the anti-oxidant 
enzyme profile in the present work revealed a non-
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significant difference in tissue SOD and GPx in the medical 
ozone group when compared to the control. Similar results 
were obtained by  Izadi et al,[75]. Akman et al,[76] discovered 
that medical ozone therapy raised the enzyme activity 
values of the antioxidant enzymes (SOD, GPx) in case of 
spinal cord ischemia in rats. 

CONCLUSION                                                                             

In conclusion, the current study proved the negative 
impact of ESWL on adult rat renal cortex, both structurally 
and functionally. The ESWL caused significantly high 
levels of serum creatinine and urea and tissue MDA, and 
decreased SOD and GPx levels. There were shrinkage of 
glomeruli, distorted feet processes and thick basement 
membrane. Tubules were distorted with cytoplasmic 
vacuoles, congested peritubular capillaries and cellular 
infiltration in the interstitium. The area% of collagen fibers 
and iNOS and HSP-70 immunoreactivity increased while 
the glomerular diameter decreased. Medical ozone caused 
marked improvement, both structurally and functionally. 
Our findings supported the need to enhance patient care in 
order to lessen the immediate renal damage brought on by 
ESWL. Therefore, ozone therapy is suggested as a potential 
agent to prompt the improvement of kidney structure and 
function through enhancing autophagy and antioxidant 
and anti-inflammatory properties. Further studies should 
be applied to delineate the effectiveness of medical ozone 
on long run and to adjust the most appropriate mode of 
administration for management of acute kidney injury. 
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الملخص العربى

دراسة هستولوجية وهستوكيميائية مناعية على تأثير الأوزون الطبي على الاصابة الحادة 
لقشرة الكلى المحدثة بموجات جهاز تفتيت الحصوات في ذكور الجرذان المهق البالغة

نهاد فهمي مازن، عائشة عبدالمنعم الخضري، سارة علي قنديل، ابتهال زيد حسن

قسم الهستولوجيا الطبية وبيولوجيا الخلية، كلية الطب، جامعة الزقازيق، الزقازيق، مصر

المقدمة: الإصابة الحادة في الكلى الناجمة عن ضخ الدم الاقفاري بسبب التعرض  لجهاز تفتيت حصوات الكلي بموجات 
الصدمة خارج الجسم.

المواد والطرق:. أربعة وأربعون فأراً بالغاً من جرذان الويستار  قسموا إلى مجموعة ضابطة: انقسمت إلى مجموعة 
ضابطة سلبية (لم تتلق أي معالجة) ومجموعة ضابطة إيجابية (تلقت حقنة داخل الصفاق من مزيج الأوزون/الأوكسجين 
مرة واحدة يومياً عند جرعة 1مجم/كجم)، ومجموعة معرضة لموجات صدمة جهاز تفتيت الحصوات: تلقت 2000 
الاشعة.  الدقيقة تحت مراقبة جهاز  في  بمعدل 60 موجة صدمة  بمستوى طاقة %100-90  اليمنى  الكلية  في  صدمة 
ومجموعة معرضة لموجات صدمة جهاز تفتيت الحصوات مع الاوزون الطبي: تلقت تدفق الاوزون الطبي (ما يعادل 
مزيج من 97% غاز األكسجين و 3% غاز الاوزون) الثابت    عند 3  لتر/ الدقيقة بتركيز أوزون قدره 60 مجم/مل. و 
تم إعطاء مزيج الاوزون بجرعة واحدة 1 مجم/كجم/يوم عن طريق الحقن داخل الصفاق. وبعد ثلاثة أيام، تم الحصول 
على عينات من الدم لتقدير اليوريا والكرياتينين في مصل الدم. وقد جهزت أنسجة كلوية لقياس المالونديهايد والسوبر 
تحليلات  أجُريت  الضوئي والالكتروني. وقد  بالميكروسكوب  بيروكسيديز والفحص  الجلوتاثيون  ديسميوتيزو  اوكسيد 

قياسية وإحصائية. 
النتائج: كشفت مجموعة جهاز تفتيت الحصوات عن مستويات مرتفعة وملحوظه  في اليوريا والكرياتينين في الدم و 
المالونديهايد في الانسجة. وتناقصت مستويات السوبر اوكسيد ديسميوتيزو الجلوتاثيون بيروكسيديز. وكان هناك ضمور 
في الكبيبات وتشوه في اقدام خلايا  الرجلاء  وغشاء قاعدي سميك . كما ظهرت الانابيب الكلوية مشوهة بسيتوبلازم 
النيتريك  لاكسيد  الايجابي  المناعي  التفاعل  مساحة  و  الكولاجين  ألياف  لمساحة  المئوية  النسبة  ارتفعت  وقد  مفرغ.  
المستحدث و بروتين الصدمة الحرارية 70 ، بينما انخفض قطر الكبيبات. وتسبب الأوزون الطبي في تحسن ملحوظ  

من الناحيتين الهيكلية والوظيفية.
الخلاصة: يمكن للاوزون الطبي ان  يحسن من الاصابه الحاده في الكلى  بسبب التعرض  لجهاز تفتيت حصوات الكلي 

بموجات الصدمة خارج الجسم عن طريق خواصة المضادة للاكسدة والمضادة للالتهاب.


