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This study was designed to investigate whether the short-term extracorporeal shockwave lithotripsy (ESWL) exposure to kidney produces an
oxidative stress and a change in some trace element levels in liver and diaphragm muscles of rats. Twelve male Wistar albino rats were
divided randomly into two groups, each consisting of six rats. The animals in the first group did not receive any treatment and served as
control group. The right-side kidneys of animals in group 2 were treated with two-thousand 18 kV shock waves while anesthetized with
50mg kg~ ' ketamine. The localization of the right kidney was achieved after contrast medium injection through a tail vein under fluoroscopy
control. The animals were killed 72 h after the ESWL treatment, and liver and diaphragm muscles were harvested for the determination of
tissue oxidative stress and trace element levels. Although the malondialdehyde level increased, superoxide dismutase and glutathione
peroxidase enzyme activities decreased in the livers and diaphragm muscles of ESWL-treated rats. Although glutathione level increased in
liver, it decreased in diaphragm muscles of ESWL-treated animals. Fe, Mg and Mn levels decreased, and Cu and Pb levels increased in
the livers of ESWL-treated animals. Fe and Cu levels increased, and Mg, Pb, Mn and Zn levels decreased in the diaphragm muscles of
ESWL-treated animals. It also causes a decrease or increase in many mineral levels in liver and diaphragm muscles, which is an undesirable

condition for the normal physiological function of tissues. Copyright © 2012 John Wiley & Sons, Ltd.
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INTRODUCTION

Although extracorporeal shockwave lithotripsy (ESWL) is a
non-invasive routine treatment modality for stones in the
upper urinary tract, it is not completely free from side
effects. Shock wave lithotripsy is thought to induce renal
capillary disruption, and this causes relative ischaemia
and hypoxia. Increased free radical formation and subse-
quent damage to the kidney can occur in the reperfusion
period."”* Munver et al. * introduced an innovative micro-
dialysis system for in vivo sampling of interstitial fluids that
can be analyzed for free radical-mediated lipid peroxidation
products after ESWL treatment in the swine.

The mechanism of ESWL-induced cellular damage is still
controversial. One of the mechanisms discussed for tissue
damage is free radical formation during ESWL treatment.”®
In addition to the mechanical fragmentation of the calculus,
each shock wave that is generated by thermal effects of
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1800024000 V of electrical energy at the second focus
may result in some biochemical events, and the homolytic
cleavage of molecules may take place leading to the formation
of free radicals.”'® Because of their very high reactivities,
free radicals can cause serious damage to the macromolecules
in cells. Injuries to the adjacent organs have been reported
in less than 1% of patients.'' These include pulmonary
contusion,lz*14 pancreatitis,15 bile duct injury,16 bowel
perforation,'”'® aortic aneurysm rupture,'® retroperitoneal
haemorrhage,?® cardiac dysrhythmias and gastric erosions.”!
Respiratory muscle fatigue contributes to ventilatory pump
failure. The cellular and the biochemical mechanisms
underlying this phenomenon, however, remain unclear.”?
Massive hemoptysis and death from pulmonary damage due
to vascular and alveolar rupture has been reported in labora-
tory animals after a single exposure of the thoracic region to
ESWLs.>® This potential of ESWLs to cause pulmonary
damage poses a real problem during lithotripsy in children
because of the close proximity of the kidneys to the lungs."?

Recent studies have demonstrated that oxidative stress, an
imbalance between oxidant flux and antioxidant defences
where oxidants predominate, is associated with contractile
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dysfunction in adult muscle.** Moreover, investigators have
shown that a major source of reactive oxygen species (ROS)
in muscle is the mitochondria and that oxidant flux in
muscle is directly related to the rate of mitochondrial
oxygen consumption.” If the skeletal muscle production
of ROS is enhanced by the maturational increase in
mitochondrial capacity and not matched by an increase in
antioxidant enzyme defence, then oxidative stress may
result and contribute to an increased susceptibility to fatigue
in the adult.

Trace elements serve essential metabolic functions in the
liver and diaphragm muscles, and the liver plays a central
role in the disposition of most trace elements. Much work
is needed to identify the optimal measures of trace element
adequacy and the functional consequences of deficiency
states.?°

By assuming that ESWL exposed to kidney also affects
the adjacent organs in rats, this study was designed to
investigate the effect of short-term ESWL exposure to
kidney on oxidative stress and some trace element levels
in liver and diaphragm muscles of rats.

MATERIALS AND METHODS
Treatment of animals

Twelve male Wistar albino rats, approximately 6 months of
age, with an average body weight of 250 to 300g were
obtained from the Animal Laboratory of Yuzuncu Yil
University. Rats were housed in specific cages. A 12:12-h
light—dark cycle was maintained, and the rats were feed ad
libitum. All animals received humane care according to the
criteria outlined in the Guide for the Care and Use of
Laboratory Animals prepared by the National Academy of
Sciences and published by the National Institutes of Health.

Experimental design

The animals were divided randomly into two groups, each
consisting of six rats. The animals in the first group did not
receive any treatment and served as control group. The
right-side kidneys of animals in group 2 (ESWL treated) were
treated with two-thousand 18-kV shock waves (Multimed
2001"™ lithotripter; Elmed Co., Department of Urology,
Faculty of Medicine, Yuzuncu Yil University, Van, Turkey)
while anesthetized with 50mg kg~ ' of ketamine. The
localization of the right kidney was achieved after contrast
medium injection through a tail vein under fluoroscopy
control. The animals in both groups were killed 72 h after
the ESWL treatment, and livers and diaphragm muscles were
harvested for the determination of oxidant or antioxidant
statues and trace element levels.

Biochemical analysis

Measurement of malondialdehyde level. A tissue specimen
of 50mg was homogenized in 0.15mol 17! of KCL
After the homogenate had been centrifuged at 1600g, the
malondialdehyde (MDA) levels in tissue homogenate

Copyright © 2012 John Wiley & Sons, Ltd.

supernatant were determined by the thiobarbituric acid
reaction according to Kavak e al. *’. The principle of the
method is based on measuring absorbance of the pink
colour produced by the interaction of thiobarbituric acid
with MDA at 530 nm. Values were expressed as milligrams
per decilitre.

Measurements of superoxide dismutase and glutathione
peroxidase enzyme activities. The tissues were homogenized
in physiological saline (1 g in 5ml) using a homogenizer
(B. Braun Melsungen AG 853202, Germany) and then, centri-
fuged at 4000g for 20 min (Heraus Labofur 200, Germany).
Glutathione peroxidase (GSH-Px) activity was measured by
following changes in nicotinamide adenine dinucleotide
phosphate absorbance at 340 nm,*® by measuring decrease
of H,O, absorbance at 240nm.>’ Superoxide dismutase
(SOD) activity was measured by the method based on
nitroblue tetrazolium (NBT) reduction rate. One unit for
SOD activity was expressed as the enzyme protein amount
causing 50 percent inhibition in NBT reduction rate.*

Measurement of GSH level. The GSH levels of tissues were
measured at 412 nm using the method of Sedlak and Lindsay
31 The samples were precipitated with 50% TCA and then
centrifuged at 1000g force for 5 min. The reaction mixture
contained 0.5 ml of supernatant, 2.0 ml of Tris-EDTA buffer
(0.2M, pH 8.9) and 0.1 ml of 0.01 M DTNB. The solution
was kept at room temperature for Smin and then read at
412 nm on the spectrophotometer.

Measurements of mineral-heavy metal levels. Exactly
2.0ml of the mixture of HNOs/H,0O, (2:1) was added to
0.7 g of the tissue samples. The mixture was placed into the
water bath at 70 °C for 30 min and stirred occasionally. Then,
1.0 ml of the same acid mixture was added, and the mixture
was transferred into a Teflon vessel bomb for the microwave
oven. The bomb was closed, and the solution was placed
inside the microwave oven. Radiation was applied for 3 min
at 450 W. After the addition of 0.5ml of the same acid
mixture, radiation was repeated for 3 min. After cooling for
Smin, 2.0ml of 0.1 mol 1! HNO; was added, and the
solution was transferred into a Pyrex tube. After centrifuga-
tion, the clear solution was used for the determination of Cu,
Zn, Mg, Mn, Pb, Cd, Ni and Fe. 3233 They were measured
by Atomic Absorption Spectrophotometer measurements
using a UNICAM-929 spectrophotometer (Unicam Ltd, York
Street, Cambridge, UK).

Statistical analysis

The results were expressed as mean &= SD. The Kruskal—
Wallis test (which is non-parametric) was used for the
comparison of groups. When significant differences were
observed (P < 0.05), Tukey multiple comparison test was
used to determine the difference between groups. Statistical
analyses were carried out using the SPSS® statistical
software package (SPSS for Windows version 13.0, SPSS
Inc., Chicago, IL, USA).
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Although MDA level increased significantly (P < 0.05), B
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Figure 1. MDA levels in liver and diaphragms of control and ESWL-treated
rats. *Significant difference (P < 0.05) between ESWL-treated and control groups
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Figure 2. SOD levels in liver and diaphragms of control and ESWL-treated
rats. *Significant difference (P < 0.05) between ESWL-treated and control groups
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(P<0.05) in the diaphragm muscles of ESWL-treated
animals (Figure 4).

Fe, Mg and Mn levels decreased (P < 0.05), and Cu and
Pb levels increased (P < 0.05) in the livers of ESWL-treated
animals (Table 1). Fe and Cu levels increased (P < 0.05),
and Mg, Pb, Mn and Zn levels decreased (P < 0.05) in
diaphragm muscles of ESWL-treated animals (Table 1).

DISCUSSION

The aim of this study was to investigate the effect of short-
term ESWL treatment of kidney on oxidative stress and
some trace element levels in liver and diaphragm muscles
of rat. It was found that the lipid peroxidation products
increased in livers and diaphragm muscles after the ESWL
treatment of kidney. This indicated the presence of increased
tissue oxidative stress after ESWL treatment. In a previous
study, it was demonstrated that ESWL treatment was
responsible for the increased free radical production and
impaired antioxidant defence potential.** In another exper-
imental study, tissue antioxidant enzymes decreased,
whereas free radical production and lipid peroxidation
increased after exposure to shock wave energy.>”

Free radicals are highly reactive compounds that are
created in the body during normal metabolic functions
or introduced from the environment. Free radicals are
inherently unstable because they contain energy. To reduce
their energy load, free radicals react with certain chemicals
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140 4 was found that SOD and GSH-Px enzyme activities decreased
o in the liver and diaphragm muscles of ESWL-treated rats.
120 1 SOD, an enzyme, is found in the cytosol and mitochondria
@ . of cells. It is responsible for decreasing superoxide levels.
E 1003 ” GSH-Px is in the mitochondria and cytosol and reduces
E 1 organic hydroperoxides and hydrogen peroxide in reaction
E 807 o that involves GSH. GSH is not only a cofactor for GSH
£ ::::’:' S-transferase but also serves as a reductant for GSH-Px, an
= " ¢:¢:¢$ enzyme involved in natural protection by free radicals, in
z K addition to SOD and catalase.’®>® Decreased tissue SOD
5 407 :::::I and GSH-Px enzyme activities in this study suggested that
Jogesed ESWL treatment produced damage of the cell membrane, lead-
071 Bl ing to an increase in MDA level, and also damage to cell compo-
9:0:0:; nents such as mitochondria, which contains SOD and GSH-Px.*°
0 5 : 5 Y ! GSH is one of the most important water-soluble antioxi-
E 2 5- Ea dants because of its action not only as a scavenger but also
= = = 2 as an indispensable factor in proper catalytic action of some
£ E & & antioxidative enzymes.*' In the present study, although the
& el % ﬂ GSH level increased in liver, it decreased in diaphragm mus-
z = cles of ESWL-treated animals. Decreased diaphragm muscle
S @ GSH content might be due to the export of the oxidized

Groups

Figure 4. GSH levels in liver and diaphragms of control and ESWL-treated
rats. *Significant difference (P < 0.05) between ESWL-treated and control groups

in the body and in the process interfere with the cells ability
to function normally. Free radicals are believed to play a
vital role in more than 60 different health conditions,
including the ageing process, cancer and atherosclerosis.
Fatty acyl side chains peroxidation in biological membranes
by ROS and transition metal ions in a free radical chain
reaction can be deleterious for membrane permeability
as it can produce toxic compounds, such as MDA and
acetaldehyde, which in turn produce abnormal adducts with
biological substances, including DNA and RNA.**’

Most living organisms possess enzymatic and non-
enzymatic defence systems against excess production of
ROS. However, different external factors such as those
induced by ESWL, decrease the capability of such protective
systems resulting in disturbances of the redox equilibrium that
is established in healthy conditions. In the present study, it

form of the damaged tissue. It could be explained by the fact
that oxidized GSH, produced by oxidant stress, was being
exported from the tissue at a faster rate than the production
of new GSH.** Because the glucose-6-phosphate dehydro-
genase (G-6-PD) catalyzes the first step of the pentose
phosphate pathway, which provides the nicotinamide aden-
ine dinucleotide phosphate necessary for the conversion of
oxidized GSH (GSSG) to GSH, decreased tissue GSH level
was probably due to the decreased G-6-PD activity that
caused the diminished production of the GSH.

In biological systems, metals are mostly bound to proteins,
forming metalloproteins. Many of the metals in metallopro-
teins are part of enzymatic systems, have structural and
storage functions or use the protein to be transported to their
target site in the organism. In humans, Mn, Fe, Cu, Zn and
Se accomplish decisive functions to maintain human health.
Deficiency in any of these trace elements leads to undesirable
pathological conditions that can be prevented or reversed by
adequate supplementation.43 In sufficiently nourished
persons, supplementation should be carefully controlled,
given the toxic effects ascribed to trace elements when present

Table 1.  Some mineral concentrations in the liver and diaphragm muscles of control and ESWL-treated rats (n=6)

Control ESWL treated
Minerals
(ngdl™ Liver Diaphragm Liver Diaphragm
Fe 443+1.8 1.7+0.3 2.80 4 1.4* 2.34+0.89*
Mg 11.8£0.12 13.7£2.8 7.72+1.97* 8.75£2.75%
Cu 0.08 £0.01 0.08 +0.04 0.134+0.02* 0.204+0.01%*
Pb 0.11£0.01 0.16 +0.04 0.23 £0.03* 0.09 +0.01*
Mn 0.02 +0.001 0.04 4+0.03 0.012 4+ 0.002%* 0.012£+0.001*
Zn 0.51£0.17 0.844+0.38 0.57 £0.08 0.34+0.07*
Cd 0.02 £0.003 0.04 £ 0.008 0.02 £0.003 0.05£0.003
Ni 0.22 £0.05 0.354+0.03 0.3+£0.06 0.25+0.01

The results are expressed as mean & SD.

*Significant difference (P < 0.05) between ESWL-treated and control groups.

Copyright © 2012 John Wiley & Sons, Ltd.
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in quantities exceeding those required for accomplishing
their biological functions.*?

In the present study, Fe, Mg and Mn levels decreased, and
Cu and Pb levels increased in the liver of ESWL-treated rats.
Fe and Cu levels increased, and Mg, Pb, Mn and Zn levels
increased in the diaphragm muscles of ESWL-treated
animals. Excess or deficiency of these minerals is not
desirable and may cause disturbance in organ functions.
Although Fe is an essential nutritional mineral for all life
forms, it is known that excess in Fe and Fe deficiency also
leads to oxidative DNA damage.** Fe chelators can deplete
Fe or cause oxidative stress in the tumour because of redox
perturbations in its environment. Cu is an essential element
that plays a role in the production of haemoglobin, myelin,
collagen and melanin.*> Recent evidence also suggests
that adequate intake of Cu is necessary for normal immune
function.*® Cu deficiency affects various physiological
functions that may be important in immunological defence
to pathogenic challenge.*” Pb increases oxidative stress,
affects endothelial function, promotes inflammation, down-
regulates nitric oxide production and induces renal dysfunc-
tion.** Mn is essential for normal physiologic functioning
in humans and animals.* It also plays a role in the free
radical scavenging activity of SOD. Cd is a dangerous
occupational and environmental toxin. It accumulates in the
human organism mainly in liver and kidneys.® Cd is
a ubiquitous toxic heavy metal and unlike organic
compounds, it is not biodegradable and has a very long
biological half-life.>' On the basis of data in animals
and humans, Cd in blood soon after exposure is present
in plasma, whereas it later becomes bound to red blood
cells.’®> Mg is the fourth most abundant cation in the body
and plays a pivotal role as an enzyme cofactor in
biosynthesis of proteins and mineral administration. Its
metabolism is connected with the bone, and it is indis-
pensable to osteogenesis and mineralization of bones.>?
Subacute Mg deficiency has caused lymphopoietic neoplasms
in young rats.

CONCLUSIONS

The short-term ESWL treatment of kidney may increase
lipid peroxidation and decrease the antioxidant enzyme
activity in the adjacent tissues such as liver and diaphragm
muscles. It also causes a decrease or increase in many
mineral levels in liver and diaphragm muscles, which is an
undesirable condition for the normal physiological function
of tissues. However, more studies are needed to verify
and clarify the roles of the oxidative stress, antioxidant
enzyme activities and trace element levels in the pathogenesis
of ESWL.
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