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Ozet

Amag: Bobrek tagi tanisi nedeni ile ekstra-
korporeal sok dalga litotripsi (ESWL) tedavisi
uygulanan hastalarda, ESWLnin neden oldugu
oksidatif stresin yarattig1 bobrek hasarinin; nar
suyunun (NS) antioksidan etkisiyle tedaviye bagl
bobrek hasarina kargi koruyucu etkisi olup olma-
digin1 gostermeyi amagladik.

Gereg ve Yontemler: Bobrek tasi nedeniyle
ESWL uygulanacak 90 hasta galismaya dahil edil-
di ve 30 kisiden olugan 3 gruba ayrildi. Grup 1'deki
(kontrol grubu) hastalara sadece ESWL tedavisi
uyguland1. Grup 2deki (¢alisma grubu) hastalara
ESWLden 2 giin 6nce 30 ml/kg/giin hazirlanan
nar suyu karigimi 2 giin oral alinmasi onerildi.
Grup 3’teki (plasebo grubu) hastalara ESWLden 2
gtin once 30 mg/kg/giin su oral alinmasi 6neril-
di. Hastalara 18-24 kV araliginda 2000-2500 atis
yapildi. Oksidatif stres, DNA lezyonunu gosteren
lipid peroksidasyonun belirtecleri ve ESWLden
sonra tiibiiler hasar gostermek amaci ile her ti¢
gruptaki hastalardan ESWIden 3 giin 6nce ve he-
men sonra 24 saatlik idrar topland: ve spot idrar
numunesi alind1.

Bulgular: Grup 1de tedavi sonrasi 8-Hyd-
roxy deoxyguanosine (8-OHdG) diizeylerinde
ortalama 52,39+ 10,49 diizeyinde artis gozlendi
(p<0,01). Grup 2de tedavi sonras1 8-OHdG dii-
zeylerinde ortalama 13,16+7,71 diizeyinde artis
gozlendi (p<0,01).

Ide tedavi N-acetyl-be-
ta-D-glucosaminidase (NAG) diizeylerinde go-

Grup sonrast

rilen ortalama 19,20+5,21 diizeyinde artis goz-

Abstract

Objective: We aimed to show whether the
antioxidant properties of pomegranate juice (PJ])
show a protective effect against renal damage as-
sociated with oxidative stress caused by Extracor-
poreal Shock Wave Lithotripsy (ESWL) in patients
who have undergone ESWL for kidney stones.

Material and Methods: Ninety patients who
were to undergo ESWL for kidney stones were in-
cluded in the study and were divided into 3 groups
with 30 patients each ESWL. Group 1 (control
group) patients received only ESWL treatment.
Group 2 (study group) patients were recommend-
ed to take 30 ml/kg/day pomegranate juice mix-
ture orally for 2 days before ESWL. Group 3 (pla-
cebo group) patients were recommended to take
30 mg/kg/day water orally for 2 days before ESWL.
All ESWL-treated patients received 2000 to 2500
shock waves at 18 to 24 in order to measure lipid
peroxidation markers showing the DNA lesion as-
sociated with oxidative stress and to show tubular
damage after ESWL,

Results: There was a statistically significant
mean increase of 52.39+ 10.49 in 8-Hydroxy deox-
yguanosine (8-OHdG) levels after treatment com-
pared to pre-treatment levels in Group 1 (p<0.01).
There was a statistically significant mean increase
of 13.16+7.71 and 33.24+12.82 in Groups 2 and 3,
respectively (p<0.01; p<0.01, respectively)

There was a statistically significant mean
increase of 19.20+5.21 in N-acetyl-beta-D-glu-
cosaminidase (NAG) levels after treatment com-
pared to pre-treatment levels in Group 1 (p<0.01).
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lendi (p<0,01).Grup 2'de tedavi sonrast NAG diizeylerinde ortalama
3,44+5,21 diizeyinde artis gozlendi(p<0,01).

Sonug: Calismamizda NS'nin ESWLye bagl bobrek hasari tize-
rine koruyucu etkisi oldugunu gosterdik.

Anahtar Kelimeler: Antioksidan, bobrek tagi, tas kirma, nar
suyu.

INTRODUCTION

Extracorporeal Shock Wave Lithotripsy (ESWL) is
an effective non-invasive method for treating urinary
stones (1). However, it has damaging effects on the
renal parenchyma and surrounding tissues. There are
poorly understood mechanisms underlying ESWL-in-
duced renal damage (2). ESWL-induced renal damage
has poorly understood underlying mechanisms, in-
cluding thermal and impact effects, the transient de-
cline in renal perfusion, and the generation of free rad-
icals due to ischemic cell damage and oxidative stress
(3). There is a striking similarity between ESWL-re-
lated histopathological changes and ischemia-related
findings in the kidney (4).

There are high N-acetyl-beta-D-glucosaminidase
(NAG) levels, especially in lysosomes in renal proxi-
mal tubule cells. An increase in NAG levels in the urine
indicates renal tubular dysfunction. A marked increase
in diuresis and NAG excretion and a transient decrease
in osmolality have been demonstrated after ESWL.
These are indicators of tubular dysfunction caused by
ESWL (5,6).

8-Hydroxy deoxyguanosine (8-OHdG) is a mol-
ecule that arises from oxidative stress, causes cellular
injury by interfering with the structure of biological
macromolecules

such as lipids, proteins, and DNA. Measure-
ment of 8-OHdG levels is accepted as a direct
marker of oxidative damage in DNA, which is the
most commonly used method to determine the levels
of oxidative DNA damage (7,8).

ESWL causes a transient increase in EPO levels
independent of hemoglobin levels. This increase is
attributed to intrarenal microcirculatory disorders re-
sulting in tissue hypoxia (9).
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There was a statistically significant mean increase of 3.44+5.21 and
13.07+5.50 in Groups 2 and 3, respectively (p<0.01; p<0.01, respec-
tively).

Conclusion: Our study concluded that pomegranate juice (PJ)
has protective effects against ESWL-related renal damage.

Keywords: Antioxidant, kidney stones, lithotripsy, pomegranate
juice.

Pomegranate juice is rich in polyphenol antiox-
idants. Polyphenols are the most abundant dietary
antioxidants. These polyphenols include tannins and
anthocyanins. These antioxidants are stronger than vi-
tamin E, vitamin C, Qenzim10, and similar antioxidants
(10). Pomegranate juice has been shown to have anti-
oxidant effects against lipid peroxidation. Polyphenols
are protective against reactive oxygen species produced
intracellularly and extracellularly. The polyphenol con-
tent of pomegranate juice is between 0.2-1%, which
varies between species. Pomegranate juice has a strong
antioxidant effect, which further potentiates the bio-
logical effects of nitric oxide synthesis (eNO) (11,12).

Faria et al. reported that PJ has a protective role
against hepatic protein and DNA oxidation, and system-
ic oxidative stress (13). Kaur et al. reported that pome-
granate extract could scavenge superoxide (O(2) up to
53.3%, H202 up to 30%, ‘OH radicals up to 37% and
nitric oxide (NO) up to 74.5% and reduce hepatic lipid
oxidation caused by ‘OH radicals (14). Rosenblat et al.
showed that pomegranate juice reduces the severity of
atherosclerosis with its strong antioxidant effects (11).

This study measured NAG and 8-OHdG levels as an
indicator of oxidative stress after ESWL, erythropoie-
tin (EPO) levels to indicate an intrarenal microcircula-
tory disorder, and creatinine clearance and blood cre-
atinine levels to indicate an alteration in renal function.
It was aimed to show whether pomegranate juice has a
protective effect against ESWL-induced renal damage.

MATERIAL AND METHODS

The pomegranate juice used in our study was pre-
pared in accordance with the food regulations in the
laboratories of Istanbul Technical University, Faculty of
Chemistry and Metallurgy, Department of Food Engi-
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neering. After washing the fresh pomegranates, their
inner and outer skins and seeds were squeezed in a
press. It was treated with pectinase enzyme to facilitate
the filtration process and prevent pectin gel formation.
It was then filtered, posturized, and dried. An extract of
400 g was obtained from approximately 1 kg of pome-
granate. Subsequently, 10 g of pomegranate extract was
diluted with 90 ml of drinking water and centrifuged at
3000 rpm for 20 minutes. This prepared concentration
contained 10 g of pomegranate juice in every 100 ml
(15, 16).

We divided patients to undergo ESWL due to renal
calculus into three groups containing 30 participants.
All patients received 2000 to 2500 shock waves in the
range of 18-24 kV (mean 20 with PCK Stonelith-V5
Lithotripter). In the pre-ESWL evaluation, after careful
history taking and physical examination, the calculi’s
number, size, and localization were determined. Any
obstruction distal to or any dilatation proximal to the
calculi was evaluated with IVP and/or USG. It was
ensured that the radiological examinations were per-
formed shortly before the ESWL. Vital signs (pulse,
fever, and blood pressure) were evaluated. Preopera-
tively, we determined BUN and creatinine levels and
performed complete blood count and coagulation tests
in all patients. The patients were informed about the
procedure and its complications. Smokers, patients
with hypertension, diabetes, malignancy, and urinary
tract infection, patients who had previously undergone
ESWL or were operated on for renal calculi, patients
who did not accept treatment, and those who had con-
traindications were excluded from the study.

All patients followed a diet low in vegetables and
fruits for 1 week before ESWL. Group 1 (control
group) patients received only ESWL treatment. Group
2 (study group) patients were recommended to take
30 ml/kg/day pomegranate juice mixture orally for 2
days before ESWL. Group 3 (placebo group) patients
were recommended to take 30 mg/kg/day water oral-
ly for 2 days before ESWL. In order to measure lipid
peroxidation markers showing the DNA lesion asso-
ciated with oxidative stress and to show tubular dam-
age after ESWL, 24-hour and spot urine samples were
collected 3 days before and just after ESWL from pa-
tients in three groups. NAG ( 12889 Gregg curt Poway

CA 92064, USA ), 8-OHdG (Vancouver, WA 98662
product NWK-0HDGO1), creatinine, sodium, volume,
and osmolality levels were measured by complete and
24-hour urine analysis. Venous blood samples were
collected from all patients following a 12-hour fast-
ing period 2 days before and 3 hours after ESWL. A
3 ml sample was taken from peripheral venous blood
into a dry tube, and the levels of urea, creatinine, and
EPO (according to IVDD 98/79/EC MDSS Burckhard-
strasse 1 30163 Hannover, Germany) were measured
in the biochemistry laboratory in our hospital on the
same day. Creatinine clearance (mg/min) was calculat-
ed using the formula: (urine creatinine (mg/dL) x urine
volume (mL/24 h)(serum creatinine (mg/dL) x 1440.

Statistical Analysis

NCSS (Number Cruncher Statistical System)
2007&PASS 2008 Statistical Software (Utah, USA)
package was used for statistical analysis of the results.
Descriptive statistical methods (mean, standard de-
viation) were used to evaluate data. In addition, in
comparing quantitative data, the Kruskal Wallis test
was used for intergroup comparisons of non-normally
distributed parameters, and the Mann-Whitney U test
was used to determine the groups responsible for the
difference. Paired sample t-test was used for in-group
comparisons of normally distributed parameters. The
level of statistical significance was set as p<0.05.

RESULT

There was a statistically significant mean increase
of 52.39+ 10.49 in 8-OHdG levels after treatment com-
pared to pre-treatment levels in Group 1 (p<0.01).

There was a statistically significant mean increase of
13.16+7.71 and 33.24+12.82 in Groups 2 and 3, respec-
tively (p<0.01; p<0.01, respectively)

There was a statistically significant difference be-
tween the percentage changes of 8-OHdAG levels of the
groups. Therefore, pairwise comparisons were made to
determine the group responsible for the difference. The
percentage change was statistically significantly high-
er in Group 1 compared to Groups 2 and 3 (p<0.01;
p<0.01, respectively) and in group 2 compared to
group 3 (p=0.01; p<0.01, respectively). Paired sample
t-test p<0.05.
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Table 1. Reviews of 8-OHdG

Control Pomegranate Juice Water P
Mean+SD Mean+SD Mean+SD

8-OHdG
(Median) (Median) (Median)

Pre-Treatment 31.32+8.72 31.23+10.24 32.21+10.38

Post-Treatment 83.71+16.17 44.40+13.13 65.45£19.12

p 0.001 0.001 0.001
178.25+55.91 47.85+39.45 110.52+43.66

% change 0.001
(166.54) (38.77) (111.1)

Kruskal-Wallis test p<0.01

In our study, the increase in 8-OHdG, which indicates DNA damage, was the least in group 2. We established
that pomegranate juice protects against oxidative stress. We showed that it provides hydration and protects it
from oxidative damage during ESWL.

100

90

AveragetSD

Averaget+SD

Group 1(Control) Group 2 (Pome granate juice) Group 3 (Water) Group 1(Control) Group 2 (Pomegranate juice) Group 3 (Water)

m Before treatment  m After treatment mBefore treatment W After treatment

Figure 1. Distribution of 8-OHdG levels between groups Figure 2. Distribution of NAG levels between groups
before and after treatment before and after treatment

Table 2. Increase in NAG levels between groups

Control Pomegranate Juice Water P
Mean+SD Mean+SD Mean+SD
NAG (Median) (Median) (Median)
Pre-Treatment 4.92£3.0 6.995+5.64 4.69£3.79
Post-Treatment 24.12+5.78 10.40+4.58 19.56+6.75
P 0.001 0.001 0.001
% change 956.85+1540.66 158.39+216.47 444.38+631.67 0.001
(349.75) (59.05) (201.8)

Kruskal-Wallis test p<0.01

There was a statistically significant mean increase of 19.20+5.21 in NAG levels after treatment compared to
pre-treatment levels in Group 1 (p<0.01).

There was a statistically significant mean increase of 3.44+5.21 and 13.07+5.50 in Groups 2 and 3, respectively
(p<0.01; p<0.01, respectively).
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There was a statistically significant difference between the percentage changes in the NAG levels of the groups.
Pairwise comparisons showed that the percentage change was statistically significantly higher in Group 1 com-
pared to Groups 2 and 3 (p<0.01; p<0.01, respectively) and in Group 3 compared to Group 2 (p<0.01; p <0.01,

respectively). Paired sample t-test p<0.05. We determined that pomegranate juice significantly reduced tubular
dysfunction due to ESWL.

Table 3. Increase in EPO levels between groups

Control Pomegranate Juice ‘Water P
Mean+SD Mean+SD Mean+SD

EPO (Median) (Median) (Median)

Pre-Treatment 36,6744.95 39,0349.26 35.7547.13

Post-Treatment 74.04410.51 75.61148.52 75.69413.01

P 0.001 0.001 0.001

% change 106.13443.19 98.52451.62 120.67464.56 0.115
(102.95) (84.41) (118.79)

Kruskal-Wallis test p<0.01

There was a statistically significant mean increase of 37.37£11.99 in EPO levels after treatment compared to
pre-treatment levels in Group 1 (p<0.01).

There was a statistically significant mean increase of 36.57+16.14 and 37.37£11.99 in Groups 2 and 3, respec-
tively (p<0.01; p<0.01, respectively). We established that pomegranate juice is protective in intrarenal microcir-
culatory disorder due to ESWL.

There was a statistically significant difference between the percentage changes of EPO levels of the groups.

AveragetSD
S
TR S

AveragetSD
5

o o

-5 Group 1(Control) Group 2 (Pomegranate juice) Group 3 (Water)

Group 1(Control)

Group 2 (Pomegranate juice) Group 3 (Water)

m Before treatment A fter treatment mBefore treatment M After treatment

Figure 3. Distribution of EPO levels between groups before Figure 4. Distribution of clearance levels between groups

and after treatment before and after treatment

Table 4. Changes in Clearance by Groups

Control Pomegranate Juice Water P
Mean+SD Mean+SD Mean+SD

Clearance (Median) (Median) (Median)

Pre-Treatment 175.5+1.85 175.5+1.85 175.8+1.60

Post-Treatment 172.53+1.71 172.53+1.71 173.16+1.64

P 0.001 0.001 0.001

% change -1.68+0.63 -1.68+0.63 -1.49£0.52 0.166
(-1.16) (-1.16) (-1.14)

Kruskal-Wallis test p<0.01
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There was a statistically significant mean decrease of 32.96+1.12 in clearance levels after treatment compared

to pre-treatment levels in Group 1 (p<0.01).

There was a statistically significant mean decrease of 2.96+ 1.12 and 2.63+0.92 in Groups 2 and 3 (p<0.01;

p<0.01, respectively). Paired sample t-test p<0.05.

DISCUSSION

ESWL has been accepted as an effective non-inva-
sive treatment of urinary tract stones. There is a strik-
ing similarity between ESWL-related histopathological
changes and ischemia-related findings in the kidney. It
has been accepted that there is an ischemia formation
in the renal parenchyma distal to the lesion associat-
ed with damage to the intrarenal vessels (17, 18). After
ischemia, the tissue is exposed to hypoxia, resulting in
hypoxic tissue damage. Prolonged ischemia leads to
loss of integrity of cells and even cellular death. The
production of free oxygen radicals (FOR) is a normal
physiological phenomenon. However, the increase in
the synthesis of FORs leads to oxidation and DNA
damage in cells (19, 20).

Free radical inhibitors are effective in most of the
total damage caused by the reperfusion component.
For a successful timing of the prevention of lipid per-
oxidation, it is important to administer antioxidants
before or at the time of reperfusion (21). In our study,
PJ with antioxidant properties was started to be given
2 days before ESWL.

It has been reported that oxidative stress can cause
DNA damage such as base modifications and strand
breaks. Among the base modifications induced by
ROS, 8-OHdG is one of the DNA products with the
highest oxidative properties. Hirano et al. reported that
urinary and leukocytic 8-OHdG levels were higher in
patients with non-insulin-dependent diabetes mel-
litus (NIDDM) with complications than in patients
without complication. They stated that increased ox-
idative stress induced by hyperglycemia plays a role
in the emergence of diabetic complications (7). In our
study, we showed that 8-OHdG levels were statistically
significantly increased in the urine of all groups after
ESWL (p<0.01). This has been attributed to increased
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oxidative DNA damage as a result of lipid peroxida-
tion after ESWL. We found a statistically significant
difference between the groups (p<0.01). There was
the lowest increase in Group II (P]) (p<0.01). We also
showed that when PJ is used as an antioxidant, it pro-
tects from oxidative DNA damage, and there was a sta-
tistically significant difference between Groups 1 and
3 (p<0.01). Moreover, we found that hydration before
ESWL reduces oxidative DNA damage (p<0.01).
Hinokio et al. showed increased urinary NAG lev-
els after ESWL compared to pretreatment levels. They
attributed this increase to the damage on the proximal
tubule after ESWL (22). In an animal study, Biri et al
examined the effects of the combination of antioxi-
dant vitamins C and E in the renal tissues of rabbits
after ESWL. They showed a lower increase in NAG
and malodialdehyde (MDA) levels in the antioxidant
group (23). In an animal study, Ozguner et al. used caf-
feic acid phentanyl ester (CAPE) as an antioxidant to
prevent oxidative stress-induced renal tubular damage
after ESWL. They divided the rabbits into two groups
and administered CAPE in one group. They measured
urinary NAG and malodialdehyde (MDA) levels be-
fore and after ESWL in both groups. They showed a
higher increase in the ESWL group than in the CAPE
group. They showed that ESWL causes damage to renal
tubules due to oxidative stress, which can be prevented
by antioxidants (24). In our study, a diet low in green
vegetables and fruits was followed for 1 week in order to
prevent any antioxidant intake in all groups .Two days
before ESWL, PJ was started orally as an antioxidant at
a dose of 2mg/kg/day. There was an increase in urinary
NAG levels after ESWL in all groups (p<0.01). We in-
terpreted that the increase in NAG levels is associated
with renal tubular damage due to oxidative stress after
ESWL. There was a statistically significant difference in
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the increase between the groups (p<0.01). The control
group had the highest increase in urinary NAG levels
(p<0.01). We showed a lower increase in group 2 com-
pared to the other groups (p<0.01). We showed that ox-
idative stress after ESWL can be reduced with PJ used
as an antioxidant. We showed that the difference be-
tween groups 1 and 3 was due to the reducing effect of
pre-ESWL hydration on renal tubular injury (p<0.01).

Eterovic et al. showed that ESWL caused a transient
increase in EPO levels independent of hemoglobin lev-
els. This increase is attributed to intrarenal microcircu-
latory disorders resulting in tissue hypoxia (25). In an
animal study on pigs, Willis et al established 3 groups:
ESWL only (Group 1); ESWL after verapamil (Group
2); and sham (Group 3). In their study, GFR and RPF
were measured for both kidneys. In group 1, there was
a decrease in GFR and RPF after 1 hour in the kidney
that was subjected to ESWL. In the other kidney, there
was no change in GFR, but there was a decrease in RPF.
These changes showed an improvement after 24 hours.
In the verapamil group, there was a decrease in GFR
and RPF after 1 hour in the kidney subjected to ESWL,
but there was an increase in GFR and RPF in the oth-
er kidney. This has been attributed to vasoconstriction
during ESWL (26).

We showed that PJ, used as an antioxidant, had no
effect on the increase of EPO and the decrease of GFR.
We attributed the increase in EPO and decrease in GFR
3 hours after ESWL to vasoconstriction in the renal pa-

renchyma and intrarenal microcirculatory disorders.

CONCLUSION

ESWL-induced kidney damage leads to isch-
emia-reperfusion imbalance, vasoconstriction by di-
rect action, and ultimately to oxidative stress as a result
of intrarenal microcirculation disorder. We have shown
that PJ is protective against oxidative stress when given
before ESWL. We have shown that providing adequate
hydration also protects against ESWL-induced oxida-
tive damage. Therefore, high fluid intake may help pro-
tect against oxidative stress caused by ESWL. In this
study, we showed that PJ can be used as an antioxidant.
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