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Abstract Despite its safety and efficacy, the traumatic
effects of high-energy shock waves (HESW) on renal
morphology and function during long-term follow-up
have yet to be elucidated. Although the main target of
shock waves is the stone located in the kidney, the sur-
rounding tissue and other organs are also subjected to
trauma during this procedure. In contrast to renal blood
flow evaluation after shock wave treatment, ischemic
development, causing varying degrees of damage at the
tissue level, has not been well evaluated. . The reno-
protective peptide adrenomedullin (AM) is a potent
vasorelaxing, natriuretic and cell growth modulating
peptide, which is thought to act as an autocrine/para-
crine regulator in renal glomeruli and tubules. In this
experimental study, renal parenchymal AM levels were
assessed in an attempt to evaluate the effect of HESW on
the tissue levels of this peptide, which may be responsi-
ble for the regulation of ischemia induced by extracor-
poreal shock wave lithotripsy(ESWL), in a rabbit model.
Thirty white New Zealand rabbits, each weighing 3-5 kg
were used. The animals were divided into three main
groups, and varying numbers of shock waves (1,000,
1,500, 2,000) were applied under fluoroscopic localiza-
tion to the same kidney of all animals. Ketamine HCI
anesthesia was administered (15-20 mg/kg) and all of
the procedures were performed with a Multimed 2000

K. Sarica (<)) - A. Erbagci - C. Yurtseven - F. Yagci
Department of Urology, Sahinbey Medical Center,
University of Gaziantep, Medical School,

27070 Kolejtepe/Gaziantep Turkey

E-mail: Kemalsarica@superonline.com

Tel.: +90-342-3350898

Fax: +90-342-3352707

I. Sari - M. Karakok

Department of Pathology, Sahinbey Medical Center,
University of Gaziantep, Medical School,

27070 Kolejtepe/Gaziantep Turkey

A. Balat

Department of Pediatric Nephrology,

Sahinbey Medical Center, University of Gaziantep,
Medical School, 27070 Kolejtepe/Gaziantep Turkey

lithotriptor. Untreated contralateral kidneys were eval-
uated as controls. Following HESW application, the
treated and untreated kidneys of each animal were re-
moved through bilateral flank incisions under ketamine
HCI anesthesia after 24 h and 7 days, respectively. Tis-
sue AM levels were assessed with immunohistochemis-
try. During the early follow-up period (24 h), both
treated and untreated kidneys showed a moderate to
high degree of AM positivity. The number of tubules
stained with AM increased as the number of shock
waves increased and the expression of this protein be-
came evident, possibly due to a higher degree of tissue
damage. Additionally, a limited degree of AM positivity
was noted in the contralateral kidneys although this was
not as evident as the positivity seen in the treated kid-
neys. Assessment of tissue AM levels during late follow-
up (7 days) in both kidneys demonstrated a moderate or
limited degree of positivity in the treated kidneys.
Limited or no positivity could be demonstrated in the
contralateral kidneys at this time. Taking the certain
traumatic effects of HESW, which causes transient
ischemia during ESWL, into account, we conclude that
the application of HESW results in a transient decrease
in renal perfusion, causing ischemic injury in treated as
well as in contralateral (untreated) kidneys. This
ischemic event lasts for a short time and seemed to be
dose- and time-dependent. Increased tissue levels of AM
appear to be a potential defence against ESWL induced
ischemia.
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Introduction

Despite its safety and efficacy, the short- and long-term
adverse effects of high-energy shock waves (HESW) on
renal morphology and function have yet to be elucidated
[2, 21, 25]. Although the main target of shock waves is
the stone located in the kidney, the surrounding tissue or
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other organs are also subjected to trauma during this
procedure [12, 13]. Studies dealing with the immediate
vascular supply and total effective renal plasma flow to
kidneys treated with HESW indicate a transient decrease
in renal perfusion, returning to the normal range in a
definite period of time [4, 5, 10]. In contrast to renal
blood flow evaluation after shock wave treatment,
ischemic development at the tissue level together with
regulatory mechanisms in response to this kind of
trauma within the kidney itself have not been well
evaluated.

The renoprotective peptide adrenomedullin (AM) is
52 amino acids long and is produced in many tissues
including adrenal medulla, lung, hearth and kidney [8].
It is a potent vasorelaxing, natriuretic and cell growth
modulating peptide, which is thought to act as an
autocrine/paracrine regulator in renal glomeruli and
tubules. AM was found immunohistochemically to be
localized in glomeruli, cortical distal tubules and in
medullary collecting cells, suggesting that it has a glo-
merular and tubular action in an autocrine/paracrine
fashion. The reduced blood pressure induced by AM
was almost completely abolished by NOS inhibition,
suggesting that the hypotensive action of AM is medi-
ated mainly via a NO dependent mechanism [7, 11, 15].

In this experimental study, renal parenchymal AM
levels were assessed in an attempt to evaluate the pro-
tective effects of AM against the adverse reactions of
transient ischemia induced by high energy shock wave
application in a rabbit model.

Materials and methods

A total of 30 white New Zealand rabbits, each weighing 3-5 kg,
were used. The animals were fed a normal diet and treated for the
presence of urinary tract infection and parasitic infection which
may alter the tissue AM levels.

Depending on the number of ESWL applied, the animals were
divided into three main groups. Following injection of an intra-
venous contrast agent through an ear vein, a varying number of
shock waves (1,000, 1,500 or 2,000) were applied to the right kidney
of all animals under fluoroscopic localization. The kV value was
kept constant during all procedures (14 kV). Ketamine HCI anes-
thesia was administered (15-20 mg/kg) and all of the procedures
were performed with a Stonelith V5 lithotriptor which used a spark
gap system as energy source with a focal point of 23x10 mm and a
focal pressure of 1,200 bar. Untreated left kidneys were evaluated
as controls.

Following HESW application, the treated and untreated kid-
neys of each animal were removed through bilateral flank incisions
under ketamine HCI anesthesia after 24 h or 7 days. The kidneys
were washed with saline solution and cut into small pieces. Fol-
lowing the addition of 2 volumes of saline solution, each tissue
piece was homogenized (Braun Melsungen homogenizer, 1 min at
7,000 rpm and 1 min at 1,000 rpm). The sections of the kidneys
were deparaffinized in xylene and rehydrated in graded ethanol.
The endogenous peroxidase was blocked by incubation in 0.3%
H,O0, solution in methanol for 30 min. The sections were boiled in
10 mM sodium citrate (pH 6.0) for 10 min in a microwave oven.
They were then incubated for 20 min at room temperature with the
primary antibody (Peninsula Laboratories, San Carlos, Calif.),
diluted at 1:500. Each antibody kit contained 50 ul of lyophilized
rabbit antiserum to AM 1-52 (human). It was reconstituted with
50 pl distilled water for the equivalent of undiluted antiserum and

then with additional buffer for diluted antiserum. The reaction was
visualized using a LSAB 2 kit and DAB chromogen (Dako,
Denmark). Sections were then slightly counterstained with hema-
toxylin. Staining without primary antibody served as a negative
control, whereas formalin-fixed, paraffin-embedded sections of an
adrenal medulla of the rabbits were used as a positive control.
Cytoplasmic immunoreactivity was counted as positive. Following
the evaluation of ten different high power fields, the proportion of
positive cells was recorded as: — (negative), + (less than 5%), + +
(5-50%), and + + + (more than 50%).

All procedures were performed at +4°C. To eliminate personal
interpretation errors, all examination and calculation procedures
were performed three times by the same pathologist.

Results

Evaluation of the tissue AM levels in treated as well as
untreated (contralateral) kidneys showed that during the
early follow-up period (24 h) both treated and untreated
kidneys had an evident degree of positivity. The number
of cells in both the glomeruli and tubules staining po-
sitive for AM increased as the number of shock waves
increased (Fig. 1) and the degree of AM positivity was
closely related to the number of shock waves applied
(Table 1). This was possibly due to a higher degree of
tissue damage. Another interesting finding was the
widespread involvement of distal tubular and collecting
duct cells in terms of AM positivity. On the other hand,
a certain degree of AM positivity was also present in the
contralateral kidneys, although this was not as evident
as the changes in the treated kidneys (Fig. 2).

The assessment of tissue AM levels after 7 days in
both kidneys demonstrated a moderate or limited degree
of positivity in the treated kidneys. Limited or no posi-
tivity could be found in the contralateral kidneys at this
time (Fig. 3).

Discussion

Despite its non-invasive and practical nature, increasing
experience with ESWL has shown that HESW applica-

Fig. 1 AM positivity is evident in a specimen obtained from a
treated kidney during early follow-up (24 h). (1,500 SW, x100)
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Table 1 Evaluation of the AM positivity (recorded as the percentage of positively stained cells) in tissue sections obtained from treated and
untreated kidneys during early(24 h) and late (1 week) follow-up periods. Five kidneys were evaluated in each groups. — Negative, +

<5%, ++ 5-50%, +++ >50%

Treated kidney

Untreated kidney

24 h 1 week 24 h 1 week

-+ H+ H+++ -+ ++ H++ -+t +++ -+
1,000 1 3 1 0 3 2 0 0 4 1 0 0 5 0 0 0
1,500 1 1 2 2 2 2 1 0 2 2 1 0 3 1 1 0
2,000 0 0 2 3 1 3 1 1 1 2 0 2 0 0

Fig. 2 A moderate degree of AM positivity in a contralateral
kidney specimen obtained during early follow-up (24 h).
(1,500 SW, x100)

Fig. 3 A limited degree of AM positivity in a treated kidney
specimen during long-term follow-up (1 week). (1,000 SW, x100)

tion can cause some morphological and functional
alterations to tubular as well as glomerular structures
[2, 5, 6,9, 18, 19, 21, 23, 25]. Certain protective agents
have been used in an attempt to limit these alterations,
with varying success rates [1, 20, 22, 26].

Although studies dealing with the immediate vascular
supply and the total effective renal plasma flow of kid-
neys treated with ESWL indicated a transient decrease in
renal blood flow [4, 5, 10], ischemia at the tissue level has

not been thoroughly evaluated. Among the possible
etiological factors, having been found to be responsible
for tissue damage during ischemic events in some organs
[3, 18, 24], oxygen free radical formation could occur
and cause some alterations at the tissue level. Transient
ischemia and subsequent reperfusion disrupt tightly
controlled oxygen metabolism and subsequently give
rise to oxygen free radical formation [17]. Renal ische-
mia-reperfusion injury in the ESWL treated kidneys, as
well as other conditions, is characterized by a decreased
renal blood flow and glomerular filtration rate (GFR),
decreased glomerular capillary ultrafiltration, tubular
dysfunction due to obstruction from cellular debris and
edema formation.

Another interesting finding related to the ischemic
changes after ESWL is that in contrast to the traumatic
effects of ESWL application in treated kidneys, post-
ESWL GFR and plasma renal flow were also found to
be reduced in the contralateral, control kidneys. Some
authors have claimed that apart from the activation of
renal vasoconstrictor nerves by the shock waves, the
local or systemic release of vasoregulatory (vasocon-
strictor/vasodilator) substances such as endothelin,
nitric oxide and AM may also play an important role
[25]. Additionally, it has been shown that many media-
tors are involved in the pathophysiology of post-ische-
mic renal dysfunction, among which reactive oxygen
metabolites and vasoconstrictive substances (endothelin,
angiotensin II, tromboxane, prostaglandins) clearly play
a very important role [3, 14].

Among the possible responsible peptides, AM, as a
renoprotective peptide with potent vasorelaxing, natri-
uretic and cell growth modulating properties, is thought
to act as an autocrine/paracrine regulator in renal
glomeruli and tubules. AM was found immunohisto-
chemically to be localized in the glomeruli, cortical distal
tubules and in medullary collecting cells, suggesting that
it has a glomerular and tubular action in an autocrine
and paracrine fashion. AM administration causes a
potent natriuretic and vasodilatory effect in experimen-
tal models [7, 8, 11, 15]. The reduced blood pressure
induced by AM, was almost completely abolished by
NOS inhibition, suggesting that the hypotensive action
of AM is mediated mainly via a NO dependent mecha-
nism. The secretion and synthesis of AM in endothelial
cells are also increased by oxidative stress, which is one
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of the major metabolic abnormalities in vascular walls
during hypertension, atherosclerosis and diabetic com-
plications [14, 15, 16].

AM exerts potent antiproliferative effects on various
cell types, together with potent vasodilatory and natri-
uretic actions. Furthermore, overexpression of AM
ameliorated the tubular and glomerular damage as well
as renal fibrosis in rat models of chronic renal injury.
Therefore, it is crucial to clarify whether AM binding
and action are actually increased in these injured kid-
neys.

ESWL induced trauma in renal parenchyma is asso-
ciated with a transient ischemia during which some
morphologic as well functional alterations in the renal
tubules were be observed. In this experimental study, we
aimed to determine whether ESWL induced renal trau-
ma has any effect on renal parenchymal levels of AM
and to investigate whether this peptide can be used as a
marker to detect shock-wave induced impairment of
renal hemodynamics. There have been no published re-
ports on the effect of ESWL on the tissue levels of AM.
Hence, AM positivity in the kidney tissue may indicate
the potential of the kidney to act against the functional
as well as morphological changes induced by possible
ischemia. Itmay be regarded as a protective mechanism
against trauma induced vasoconstriction.

In the present study, the determination of the con-
centration of AM levels in the parenchymal tissue of
treated and untreated kidneys revealed evident positivity
in both kidneys during early follow-up. The degree of
positivity in both tubular and glomerular cells was more
evident in the treated kidneys, and this positivity was
found to increase with the number of ESWL applied. An
interesting finding was the AM positivity detected in
untreated (contralateral) kidneys. This observation in
turn led us to consider a possible limited degree of
ischemia formation after ESWL application in these
kidneys.

In light of our findings and the results reported in the
literature, we conclude that the application of HESW
results in a transient decrease in renal perfusion, causing
ischemic insult in treated as well as in contralateral
(untreated) kidneys. This ischemic event lasts for a short
time and seems to be dose-and time-dependent. In-
creased tissue levels of AM appear to be a potential
defence against ESWL induced ischemia. We believe
that further studies with a larger series of subjects and
including other potentially involved peptides are needed
to provide more reliable results on the possible protec-
tive effects of these peptides against the ischemia induced
alterations in renal parenchyma undergoing ESWL.
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