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Kamica moczowa jest jedng z czesciej wystepujacych chordb. Najstarszy kamien uktadu
moczowego odkryt Eliot Smith w mumii egipskiej w 1901 roku. Wiek znaleziska oszacowano
na 4800 r. p.n.e.! W Stanach Zjednoczonych Ameryki na kamice moczowa choruje 10,6%
mezczyzn i 7,1 % kobiet?. Obserwowany jest staly wzrost zachorowalnosci w ostatnich
dekadach.® Kamica moczowa to choroba, ktorej leczenie na przestrzeni wiekoéw ewaluowato
od procedur konczacych si¢ $miercig leczonego do mato inwazyjnych zabiegdw obarczonych
minimalng liczbg powiktan.

Pierwsze opisy objawow kamicy moczowej pochodzg z Mezopotamii i datowane sg na
1200 lat przed naszg erg. Teksty medyczne z tego okresu podaja sktad leku rozpuszczajacego
kamien moczowy.* Podana przez rzymskiego lekarza Corneliusa Celsusa (25 r. p.n.e. — 40 r.
n.e.) technika operacji kamicy pecherza moczowego przetrwata do XVIII wieku.®
Dziewigtnasty wiek to czas rozwoju kruszenia i usuwania kamieni z pgcherza na drodze
endoskopowej. Rozwoj ten zawdzigczamy takim lekarzom jak Jean Civiale, Leroy d’Etoilles,
oraz Henry J. Bigelow, ktory opracowat system kruszenia i ewakuacji drobnych fragmentow
kamienia z pgcherza moczowego co pozwolito na zmniejszenie $miertelnosci z okoto 24%
do 2,4%.%7 W XX wieku nastepuje bardzo szybki rozwdj technik litotrypsji kamieni w drogach
moczowych. W 1955 r. Goodwin wytwarza pierwsza nefrostomie przezskorng.® W 1977 roku
Kurth jako pierwszy kruszy kamienie w nerce z zastosowaniem fal ultradzwickowych.®
W 1980 rozpoczeto leczenie kamicy moczowej z zastosowaniem litotryptora Dornier HM-1,
a w 1983 litotryptorem Dornier HM-3.1° Metoda ESWL nie pozwala wyleczy¢ wszystkich
chorych. Od tego czasu obserwujemy gwaltowny rozwoj bardzo nowoczesnych metod leczenia
kamicy drég moczowych na drodze endoskopowej. Wprowadzenie do leczenia kamicy
moczowej lasera Nd:YAG oraz nefroskopéw 1 ureterorenoskopéw pozwala na bardzo
skuteczne leczenia kamicy moczowej w catlym uktadzie moczowym.* Od poczatku XXI wieku
obserwujemy intensywny rozwd¢j miniaturyzacji sprz¢tu do PCNL oraz wprowadzenie
odpowiednio cienkich oraz gietkich ureterorenoskopéw pozwalajacych na mniejszg
traumatyzacje tkanek w trakcie zabiegow.

Zastosowanie w leczeniu kamicy nerkowej dostepu do ukladu kielichowo-
miedniczkowego przetoki skoérno-nerkowej oraz stala miniaturyzacja sprzgtu do PCNL
w potaczeniu z laserem holmowym sprawia, ze zabiegi stajg si¢ bardziej skuteczne i mniej
inwazyjne. Zgodnie z wytycznymi Europejskiego Towarzystwa Urologicznej do PCNL
kwalifikowani sg chorzy z kamieniem w miedniczce nerkowej powyzej 2 cm, a w Kielichu
dolnym 1,5 cm, chorzy z kamica odlewowa nerki, pacjenci, u ktorych zabieg ESWL nie byt
skuteczny oraz chorzy z wadami uktadu moczowego'®>. W 1998 roku Jackman wykonat
pierwszy zabieg usunig¢cia kamienia z nerki na drodze mini PCNL. Obecnie ten sposob leczenia
stosowany jest w odlewowej kamicy nerki bez konieczno$ci powtarzania zabiegu®®.

Ureterorenoskopia ( URSL) jest zabiegiem usuwania kamieni z moczowodu pod kontrolg
wzroku za pomocg urzadzenia zwanego ureterorenoskopem. Pierwsza ureterorenoskopie
wykonat za pomoca gietkiego endoskopu Marshall w 1964 roku. Gwattowny rozwdj tej metody
nastgpit od roku 1980, po skonstruowaniu przez Pereza-Castro sztywnego ureterorenoskopu
o $rednicy 9 F.

Ureterorenoskopia gigtkim ureteroskopem URSL (flexible ureteroscopy) jest zabiegiem
nowoczesnym, jednak na jego pelne i skuteczne zastosowanie czekaliSmy do momentu



wprowadzenia nowoczesnych gigtkich endoskopéw oraz odpowiednio cienkich widkien
pozwalajacych na przenoszenie energii lasera o duzej mocy. Kruszenie kamienia na drodze
gietkiej ureterorenoskopii jest zabiegiem bezpiecznym i obarczonym matg liczbg powiktan!?.

Zabiegi gigtkimi ureterorenoskopami mogg by¢ alternatywa dla mini PCNL w leczeniu
kamicy gornych drég moczowych!®. Wprowadzenie urzadzen o wigkszych mozliwosciach
penetrowania uktadu kielichowo-miedniczkowego zwigkszy skuteczno$¢ leczenia kamieni
dolnego kielicha’®.

Mini PCNL jest rowniez nowoczesng technikg kruszenia kamieni moczowych
u wybranych chorych. Pozwala ona na usuniecie matego kamienia na drodze bezposredniego
wprowadzenia do ukladu kielichowo-miedniczkowego nerki  zminiaturyzowanych
nefroskopow. Jest to metoda wspomagajaca kruszenie kamienia na drodze ureterorenoskopiil’.

Obecnie w leczeniu kamicy moczowej mamy szeroki wybor urzadzen od maszyn
wykorzystujacych fale uderzeniowg generowang poza cialem pacjenta przez urzadzenia
do PCNL oraz URSL z ich gigtkimi odmianami. Powszechne stosowanie maszyn do ESWL
w leczeniu kamicy moczowej pokazalo Ze nie jest to zabieg w petni bezpieczny. Obarczony jest
on réznego stopnia urazem w zalezno$ci od lokalizacji kamienia w drogach moczowych.
Kruszenie kamienia w nerce obarczone jest miejscowym uszkodzeniem migzszu, powoduje
zwickszone wydzielanie endoteliny, czego nastepstwem jest wzrost ci$nienia tetniczego krwi®,
Bardzo czgstym objawem urazu drég moczowych po zabiegu kruszenia kamienia w uktadzie
moczowym jest krwinkomocz lub krwiomocz, a w skrajnych przypadkach objawowe krwiaki
nerki'®,

Pamigtajac, ze fala uderzeniowa powoduje uraz tkanki nerki, a wigzka lasera moze
powodowac uraz nablonka urotelialnego drog moczowych dokonali$my poréwnania wielkos$ci
urazu jaki powstaje w drogach moczowych po zastosowaniu obu tych metod. Za wspolny
parametr dla réznego rodzaju urazu dréog moczowych podczas zabiegu kruszenia kamieni
przyjelisSmy oznaczenie poziomu stresu oksydacyjnego.



Cel pracy

Celem pracy jest ocena poziomu stresu oksydacyjnego u chorych na kamice moczowa
leczonych zabiegami matoinwazyjnymi (ESWL 1 URSL) i ich wplyw na hemostazg.
Zwickszenie stresu moze oddziatywa¢ na parametry krzepniecia krwi?’ i powodowaé wigksze
krwawienie po zabiegu. Moze tez negatywnie wplywa¢ na funkcje nerek i przyczynia¢ si¢
do rozwoju przewleklej choroby nerek, czy nadcisnienia tetniczego?.

Analiza otrzymanych wynikow pozwoli na dobdr odpowiedniej metody leczenia,
potwierdzenie stuszno$ci takiego postepowania, badz wskaze mniej inwazyjne sposoby
eliminacji kamicy uktadu moczowego. Uzyskane wyniki moga w znaczacy sposob
przyspieszy¢ rekonwalescencj¢ i poprawic¢ proces leczenia, a takze zminimalizowaé ryzyko
powiktan okoto i pooperacyjnych.
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Abstract

Purpose

Exfracorporneal shock wave lithotripsy (ESWL) is a commaonly-used method in urology, which
maymodulaie hemastasis and may induce lipid peroxidation in pafients with nephrolithizsis.
However, previous studies only examine changes occurming in p afients 30240 min afler
ESWL. The main aim of the present study was to determine whether oxida five stress may
modulate the hemostatic acivity of plasma in pafients with nephrolithizsis bafore ESWL and
fthe day after treatment ESWL. This will be performed by messuring selected parameters of
hemastasis in these patients, both before ESWL and fhe following day, and assessing the
lenvel of cvddafive damage o plasma proteins in these patients by measuring two biomarkers.

Methods

Twehve patients with nephrolithizsis and 10 heatthy pa ficipants wene included. The following
parameters of hemostasis were messuned: the acfvated partial thrombop lastin time (APTT),
prothrombin time (FT), and thrombin fime (TT) of plesma, the level of fibrinogan, the level of
D-dimer and blood platelet count. In addifion, two seleced biomarkers of oxidative siress
werne measured: protein carbonylation level and the number of protein thiol groups.

Results

Mo difference was observed between pafients with nephnolithiasis before and after ESWL
and healthy conirols with regard o FT, TT or APTT. Fbrinogen concentration and blood
platelst count were lower in the nephrolithizsis pafients in the perod afier ESWL than before
ESWL. The nephnolithiasis patients demonstraied elevated D-dimer concantration after
ESWL. However, although cidative damage was obsanved in the plasma proteins in the
nephrolithiasis patients, this was not influenced by ESWL
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Conclusion

Craidative stress may induce changes of hamaostasis in patients with nephrolithiasis, both
bafore and after ESWIL In addition, changes of hamosiasis parameters such as fibrinogan,
bilood platelst count and D-dimer level can be obsened in these patients, especially after
ESWL, and this may suggest that ESWL modulates hamostasis. By having a better undar-
standing of the influence of ESWL on hemastasis, this could lead to modifying patient cars
for those patisnts at increased risk of bleeding.

Introduction

Hemostass is the term given toa group of mechanisms which prevent the outflow of blood
from blood vessels Tt is oo defined as a state of dynamic equilibrium between antl- and pro-
coagulation reactions, which may be modulsted by vadous factors, induding oxidathve stress.
Mariy systems take part in hemostasis, induding the wall of the blood vessel, the dotting pro-
cess with its varkows factors, induding ibAnogen, and the brinolytic and phagocyte systems
[1]. Bood platelets are also very important element of hemostasis Some papers note the pres-
ence of various hemostatle complications are observed In patlents with nephrolith kasls after
extracorpareal dhock wave lithotdpsy (ESWL) [ 2,3]. Moreover, other complications associated
with ESWL(Le. infction and sepas) mayexst, but ESWLis generally consldered a5 a safe
treatreent. In additlon, other methods (Le. surgery and Flexible Ureterore noscopy ) for treat-
ment of kidney stonesaloo have effect on changes in hemostasis [4,5]. Hughes etal [3] repaort
changes in the levels of gpecific blomarkers of hemostasis, Le. plasma fibrinogen, in patients
after shick wave Uthoteipsy (SWLE bowever, the effect of SWL was measired on hemostasls
parame ters 30-240 minutes after SWL treatment.

It Is very important that the ESWL resulis are dependent on several technlcal factors,
including type of lithotapsy device, energy, and frequency of pulses, coupling of the patient to
the lithotrpter, kocatio n of calculus, and type of anesthesia In addition, other factors related to
the patle nits, stone dze and denshty, skin to stone distance, aratomy of the e xeretory path, and
kid mey anomalies are also relevant. Moreover, ESWL trestment cansed an incresse in the free
radical generation, and a decrease in the activity of antioxidant ereymes (Le. supemmxide dis-
mutase and catalase) {n parotid glands of ESWL-treated rats [6]. Geclt et al [7] also observed
oddative stress in the levers and diaphragm musdes of ESWL-treated rats.

The aim of our present study was to deternine whether cxidative stress may modulate the
hemostatic activity of plasma in patients dusng ESWL (before ESWL and the day after treat-
ment) To this end, selected hemostasis parameters were measured in patients with nephro-
lithdasks before ESWLand the day after treatment: the activated partial thromboplastin time
{APTT), prothromsbin teme (FT), and thrombin tme (TT) of plasma, the level of filri nogen,
the level of D-dirmer and Blood platel et count. In addition, the levels of two blomarkers of od-
datlve damage to plasma protelns, proteln carbonylation and the level of thiol groups in poo-
telns, were alio determined.

Materials and methods

Patients and samples

Thee blood sarmiples were collected from 12 patients (eight men and fur womner; median age = 46)
with smilar soclo-economle backgrounds who had been referred to the 2nd Diepartme nt of Urd -
oy, Medical University of Lodr, Poland, for extracorporeal shocdk wave lithotripsy. Treatrment
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wasgiven as per standand ed protocel wsing SYSTEM Sonclity & -move device, with the mean

energy M8 kY, Fequency of pulses 2 Hz and MWW pules per procedure. The stones that were
crushed were localbed in the kddney and thelr sire were from 10 to 20 mm. Before ESWL anat-
oy of the kidney and excretory path for all patients were Lnvestigated by intravenous wrography.
Mo anormalles were bund. Mo nd of anesthests wasused Dermographle data and medical his-
tory were obtained at the entry of each patient to the study. A group of ten heal thy indiv disls (sic
men and four women; median age = 48) who were present in the hospital for rontine health
checkups and used as controls. All conirols were rand omly-selected, non- related men and
wonsen whio had never been disgnosed with nephool ithisgs nor chronic disease and were fre-
quency matched to the cases onage. The blood and plasma samples were taken from patients and
hesalthy particlpanits whs were eatling & balsnead diet of meat and vegetables and usng bo antioxd-
danit supplementation. They had not taken any medications (Le. aspirin or any ofe rant-platelet
drugs or ant-inflarmmma ory agenis) or addictive substances (Incuding tobacco, aloobol, antiood-
dhanit supplemsen tation and aspirin or any other anti-platelet drugs).

The bleod sarmples were collected from the patients before ESWL, and one day after ESWL
The plasra samples obtalned from the partlcipants, wed for measidng the blomarkers of oxi-
dative stress, were stored at -80°C within two hours of being drawn. The protein concentration
in the tested samples was caleulated according to Bradford [£].

Ethieal approval for this study was recelved from the Committes for Research on Human
Subjects, Medical University of Lodz (RNN/101/ 13/KE).

Markers of oxidative stress

Carbonyl group measurement. The detection of carbony] groups in protelns was carrled
out according to Levine et al [4] and Bartoszr [10]. The catbonyl group concentration was cal-
culated using a molar extinction coefflclent (&= 22,000 M "cr™), and the level of catbonyl
froups wasexpressed as nimol carbonyl goowpe o of proteln. Cadsonyl content was deter-
rined by taking the SPECTROstar Mano Microplate R eader- BMG LABTECH Germany.

Thiol group determimation. The thiol group content was mexsured gpectrophotome -
cally (the SPECTROstar Nano Microplite Reader- BMG LABTECH Germany) by absorbance
at 412 nem with Bllman's reagent: 5.5 dithio-bis-(2-nitrobe reo ke acid). The thiol group con-
centration was caloubited uslng a molsr extlnetion coeficlent (&= 13,600 M cm™) [10-12].

The level of thicl groups was expressed as nmaol tiol groups/mg of plasms protin.

Parameters of hemostasis

The messurem ent of prothrombin time. The PT (seconds) was determined ooagolome -
teically (BCS XP Healthe are Disgnostics Slemens, Germany) 1o ctrated samples

The measurem ent of thrombin time. The TT (seconds) wasdetermined coagulametri-
cally (BCS XP Healthcare Diagnostics Slemens, Germmarny) in ol trated sam ples.

The messurement of APTT. The APTT (seconds) was determined coagulometrically
(BCS XP Healthcare D gnostics Slemens, Germany) in citrated samples.

The measurement of bloed platdet concentration. Blood platelet count was pe formed
using an awtorna ted cell counter { Sysmen XN-2000, Sysmex, Japan) in ctrated samples. The
platele ts were measured in units x 10%1.

The messurem ent of fibrinegen. Fibrinegen (g/1) concentration { in citrated sumples)
wias mexsured using an analyser (BCS XP Healthcare Diagnostics Slemens, Germany ]

The measurement of D-dimer. D-dimer (ng'm]) concentratlon was determined by an
aralyser (BCS XP Healthcare Diagnostics Slemens, Germany) in dtrated samples.
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Statistical analysis

A the values Lnthis study were expressed a5 mean = 5D and median. In opder to el nate
uncertain data, the O-Dixon test was performed. The distribution of the data was tested using
the Kol mogo rov-Smirnov test. Since the selected hemostasls parameters and blomarkers of
ol dative stress were not nomnally disteibuted, the non-parmetrical Mann-Whitney U-test
wias wied for their analysis The reported p-valueswere two-sided. Probabilities were consid-
ered significant when the p-value was lower than 0.05. Allanalyses were completed using Sta-
tistica software.

Results

Figs 11 present selected parameters of hemostags in patients with nephrolithias befre or
after ESWL. Neither APTT, FT nor TT were influe need by the presence of ne phrolithiasls, soe
by treatrment with ESWL(p=005) (Eig 1. 51 Table). However, fibrinogen concen tration fell,
with the plasma level from the nephrolithiass patents before ESWL reaching about 35% of
conitrol group-healthy subjects levels (p20005) (Eig 2). The same trend was observed for Blood
platelet count {p<0L05) ( Eig 4. On the other hand, the concentration of D-dimer in plasma
from nephrolithlashs patlents after ESWL was higher than that seen in plasma obtalned from
healthy volunteers (p<0.01) and fom patients befre BSWL (p< 0001 (Eig 33 In addition,
bload platelet counts were about 2006 lower in patients after ESWL than inthose currently
before ESWL (p<0.05) (Eig 4. 52 Table).

The concentration of thiol groups in plsma proteins from patients (before and after
ESWL) was also found to be lower than the concen trathon of thiol groups in plasma obtained
from healthy volunteers (p-<0.05) (B 5). The concentration of thiol groups in plsmas proteins
from patients with nephrmolithiass (afer ESWL) was also lower than in patients with nephiro-
lithdasks (before ESWL); however, these changes were not statistlcally significant (p=0.05) (Elg
5). Contrary to the concentration of thiol groups, the carbonylation of plsma proteins from
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patients with nephrolith ks (before and after ESWL ) was significan tly higher than in plaana
proteins obtained from healthy ol unteers {p< (2] (Fig &) However, the level of carbonyl
groupsin plasma protelns from patlents after ESWL was not changed, compared with patients
before ESWL (p>0005) (Eig 6, 53 Table).
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Discussion

A few papers Lindleate that patie nts with sephrolithlasis are st nereaved ridk of hemostatic
complications, especiallyincressed sk of coagul opathy, following SWL [ 23] However,
the pathogenesls of hemostasls in patle nts with nephrolithlasts, particulady after forms of
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treatment such as SWL, is not co mpletely understood Mareover, o ddstive modificationsof
plasma protelns such as fibrinogen or other coagulation factors may lead to changes in hemo-
stasls [1.13.14).

In vifro and in vive experimenits demanstrate that increased oxidative stress i correlated
with lidney stone development [15-22] Maet al [2]1] indicate that erythrocyte oxidative stress
in patlents with calclum oxalste stones correlites with stone shee and renal tubular damege A
key novel inding of this study ks that patients with nephoolithiass undergoing ESWL expen-
encean increase in oxidative stress, manifesting as coddathve da mage to plsma protelns, as
cofpaed to bealthy wlunte ers both before and after ESWL. However, o Juanges i the oxd-
dative stress were found between patients before ESWLand those who had completed treat-
ment, 25 measured by the levels of thiel groups and carbony] groups in plasma protelns. It
should be emphasized that the level of oxidative damage to plisma proteins was not found to
be dependent on patient age. A recent stud yby Ceban etal [11] reports an increased intensity
of oxldative stressin patlents with renal lthlask compared to healthy individuals, demon-
strated by varows blomadeers, including the lowering of thicl groups in proteing In addition,
they note an improvement of these biomadee s after surgical treatment.

Varkous papers lndlcate that fbrlnegen, 2 very laportant proteln b the ¢ oegulation system,
i much more valnerable to oxidative modifications than others, such asalbumin. Inaddition,
oxldized fibrinogen may inhibit theom bin-catalyred dot formation [1.15,14). The present
study dersonstrates not only that oxidative damage is present in the plusms proteins (induding
fibrinegen ) of patients with nephrolithiasis following ESWL, compared to healthy subjects, but
also that fibrinogen concentratlon decreases.

Our present findings indicate a significant increase of another impontant marker of plasma
hemostatic activity, Le. D-dimer concentration, In nephrolithiass patlents folo wing ESWL,
compared to healthy subjectsand patientsundergolng ESWL. These obse reations were milar
to those of Umekawa etal [2]and Hoghes etal. [3]. Umekawa et al. [ 2] report a correlaton
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between fibrin degradation products (FDP) and D-dimer concen tration following SWL. Inter-
estingly, our present findings do not indude any significant changes in FT, TT or APTT in
patients with nephrolithkasls, ether before or after ESWL Other swthors [ 1] describe the same
obse rvations for PT and APPT in patients after SWL.

Together with the cosgulation system and fibrinolysis, blood platelets are a very Important
element of hem ostasls, whose main role i to form mechanical plugs during sormal hemosts-
s, Our study demonstrated a significant decrease in blood platelet count in patients with
nephrolithlasts both before and after ESWL. Our findings compliment those of Dedej etal. [4]
and Hughes et al [3] Hughes etal [3] report a decreased blo od platelet oot at 30 1) and
240 min following SWL They suggest that the dunges of blood platelet count and fibrinogen
obse rved when takdng readings 30-240 min after SWLmaybe due to their red steibution in
the body Dllowing renal trauma caused by SWL: blood platel et counts and fibrinogen will be
consequentlally increased in the kidney lmmme dlately after SWL, and decreased at the periph-
eral Blood. It is also possble that a simillar process exists Ln our present experimental model.
Moreover, considering the data presented in this study, it is lkely that the oxidative stress pres-
ent In patien ts with nephrolithiasis, both before and after ESWL, may Induce changes of hemo-
stasls in these patients. Results of Moyes et al [5] alo demonstrated significant changes in
hose pratod eogy (e the decrease of blood platelet count and fibrinogen concentration ) and in
bboc hemdstry parameters, lnclsding the Increase of APTT, following Flexible
Ureterorensoopy.

Further experdments based onlarger groups of patlents will be needed to determine the
effect of oxdstive modifications o f plasma proteins on hemostatic abnormalities observed in
patient with nephrolithiass before and after ESWL In addition, a deeper analyss of specific
parameters of hemostasls, Le. fibrinogen, D-dimer and blood platel et count, may provide vah-
able data on the hemostatic response following ESWL, and may decrease the risk of cosgulopa-
thy in patients with nephrolithiasis after ESWL By having a better understanding of the
infhse e of ESWL on hemostasts, this could lead to modiflng patlest care for thise patients
at increased risk of bleeding.

Supporting information

51 Table. The activated partial thrombophstin time (APTT), prothrombin time (PT),and
thrombin time [TT) of plsma in patients with nephrolithissis (befare and after ESWL),
and in control plasma obtained from healthy volunteers

(TIE)

52 Table. The level of fibrinogen and D-dimer in plasma and the level of blood platelets in
patients with nephrolithiascis (before and after ESWL), and in control obtained from
healthy volunteers.

{TIF)

53 Table. The level of thiol groups and the level of carbomyl groups in plasma proteins in
patients with nephrolith bacis (before and after ESWL), and in control plasema proteins
obtained from healthy volunt eers.

(TIF)
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Aime To evaluate the level of lipid peroxidation in patients with nephrolithiasis before and after extracor-
poreal shock wave lithotripsy (ESWL). Materials & methods: lsoprostane concentration (8-soPGF,,) was
measured in urine, and thiobarbituric acid reactive substance production in serum and erythrocytes. In
addition, the concentrations of selected compounds {uric acid, glucose and creatinine) were measured
in serum. Results: The patients (before and after ESWL) demonstrated significantly higher levels of two
different biomarkers of lipid peroxidation compared with the control group. A correlation was identified
between increased amounts of uric acid and biomarkers of lipid peroxidation in patients with nephrolithi-
asis, both before and after ESWL Condusionz Uric acd may be associated with lipid peroxidation in pa-
tients with nephrolithiasis.

First draft submitted: 27 April 2018; Accepted for publication: 10 October 2018; Published online:
& December 2018

Keywornds: lipid peroxidation « nephrolithiasis « oxidative stress e wnic add

Same studies suggest that oxidasive events may have preat significance in patients with nephrolichiasis [1-8); however,
the mechanizms behind this process are not well known. Crxidative stress is correlated with lipid peroxidation, which
can disrupt the organizasion of membranes, including mitechondrizl membranes. Damage to mitechondria sim-
ulated by lipid peraxidation can lead to farther resctive oxygen species (ROS) production. [n the presence of ROS,
the double bonds of the unsturated fasry acids conmituting phospholipids are oxidized and various phosphaolipid
aldehydes, induding malonyldialdehyde and 4-hydroxy nonenal are formed (500, Morsover, durng ROS-induced
oxidation of arachidonic :.dﬂ, i.l:pmm.nﬂ are formed 11130 It is i.mport:nl. to mode that -uupmmm ane :pﬂ:iEc
and reliable markers of lipid peroxidation fr vive. The aim of the present sdy was to determine the concentration
of rwo biomarkers of lipid peroxidation, that is, 8-isoprossaglandin Fz (B-is0PGFm) and thicharbituric acid reactive
substances {TBARS), and selected compounds (uric acid, ghicose and creatinine) in patients with nephrolithiasis,
bosh before and afier extracorporeal shock wave lithotripsy (ESWL). ESWL is one of the most popular and useful
methads for the treatment of wolithiasis and may be employed for all eypes of stones. The: treatment has been
reparted to have an B3-100% swccess cate [21). ln addition, extracorporeal shock wave lithotripsy is penerally
considered a safe form of treatrment. However, adverse effects (nach s reduced renal function, kypertension ar
sepsis) can oocur [2-24. Complication rates range from 0 to 20% 21, Moreover, the oxidative stress mediated by
ischemia rzpu'.Fl.l:m mz,'mntn-bu'be 1] lsiﬂ.nz}' i.|1j|.|.r,'ad:bﬂ: ESWL R, I In our Fm‘tml.djr_r, the concentration
of 8-isoPGFx was estimated in urine samples and messurement of thess compounds in sinple sample represents
daily secretion of isopmstanes. The concentration of selected compounds {uric acid, glucose and creatinine) was
determined in serum. Moneover, we measured concentration of TBARS in seram and erythrocytes.
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Table 1. Demographic and medical characteristics of study subjects.
Fatiants. Contral

n=3 n=15
n=13 n=7
n=17 n=8

e+ 114 MEE11T
2.1+ 104 AT E149
LB BB

Materials & mathods

Patients & samples

Thirey patients (13 men and 17 women; age: 53.6 & 11.4) were recruited to the study. All patients had been
referred to the [ Department of Urolopy, Medical University of Lodz, Poland for ESWL, between 2016 and 2017.
Samples of urine and blood were taken from all patients.

The induskion criteria were as follows: the kidney stone formers were the firs sone foemer (investigated by
ult d and intr uragraphy); nephrolithiasis visible on x-ray (calciom oxalate monchydrate, calcium
unl:mdn'h}'ﬂnmul:imphmphabr_ﬂ;r]:::iunfﬂu:bnnzﬁnmEbnznmmﬂuﬁbedhﬂuupperurﬁnqm:ﬂ:
and steribe urine colture. Moreowes, the mone former subjects were on any medications for kidney sones, induding

The exclusion criteria wene as follows: the presence of urinary tract infection; pregnant women and childrens
up-to-date taking oral anticoagulants or antiplatelet agents, and a positive interview in the direction of the bleeding
diatheses; patients with choldithiads invisible in x-ray (radiclucent stomes: wric acid, ammoniom orate, Tantine,
drug-stones 1.8-dibydroxyadenine): obesity (severe obesity or BMI =30), severe skeletzl malformations, anterial
anewrysm and patients with disbetes.

Treatrment {(ESWL) was administered using Sonolith™ i-move lithoeripees, EDAR France, according to stamdard
procedure. The device had the following specifications: mean energy of 348 kV, pulse frequency 2 Hz and 2000
pulses per procedure. Anesthesia was not required. Diata regarding patient demographics and medical history were
provided by patients on entry to the study (Table 1).

To form a set of controls, 2 proap of 15 healthy individuals (seven men and eight women; age: 44.6 £ 13.7) was
formed (patients attending hospital for routine health examinations) (Table 1). All patients were unrelated, selected
at random and were frequency matched to the cases with regard to ape; in addition, none of the patients had amy
previcus diapnosis of nephrolithiasis or chronic disease. The patients selected for urine, seram and erythrocyte
nwlzmmwammﬂhﬁmtaﬂwEﬂhﬂashﬂu X H bﬂ.cl:gnu.lnﬂ
and used no antioxidant supplementation.

The blood samples were collected from the patients both before and 1 day afier ESWL. Urine was only collected
from the patients before ESWL (at the mme time — at 8 am). The erythrocytes wene sepamted from plasma by
centrifisgation (3300 x gfor 10 min). The concentration of hemoglobin was devermined by the cyano-hemoglobin
method using Dirabkin’s rezpens. Serum samples obeined from the panicipants were stored at -80°C within 2 b
of emoval. Participants abo provided first morning void wurine smples ($0-100 ml), which was kepe on ice and
processed within 4 b

The protocol was approved by the Committes for Research on Human Subjeces of the Medical University of
Ladt, Paland (RNN/101/13/KE).

Measurement of lipid peroxidation - the level of B-isoPGF;,
The wrine mmples obtained from both patients and contrals were assayed for §-isoPGFm level usng 2 Cayman
Chemical melﬂmmrk.it [Ca}m:.n C]:bem.lﬂ.l, M[, UE."L} :.l:l:ncd.in.g to the manufacturer’s instroctions.

Mezsurement of lipid peroxidation - the level of TRARS

The serum and erythrocytes samples were added to an equal volume of cold 20% (vfv) trichloroacetic acd in
0.6 M HCL Following this, the mixture was centrifuged at 6000 = g for 5 min. Five volumes of dear supernatant
were then mived with one volume of 0.12 M thiobarbituric add in 0.26 M Tds (pH 7.0). The resalting mixture
was then placed in a boiling water bath for 15 min. The absorbance as 535 nm was then measared (SPECTROstar

104155 Fmc-2018-0149 Finture Mad. Chem. (Epub abead of print) ﬁ.nur\es:ience-gna.lp.
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(p=<001)

=
1

(P> 0.08)——

{p=0.01) |

TRARS famel [ mil of serum)
ha
1

Rgure 1. The level of thiobartituric acd reactive substande In serum in patients with nephrolithiasts (before and
after extracorporeal shodk wave IRthotripsy), and In control s=rum obtained from healthy volumteers. Results are
mean + standard deviation. The statistical analysks was performed with the Mann—Whitney test.

TEARS: Thiobarbituric acld reactive substances; ESWL: Extracorporeal shock wave Iithotripsy.

Mano Microplate Reader, BMG LABTECH, Germany]) 28] The TBARS concentration was caleulated using the
molar extinction coefficient (¢ = 156,000 M o).

Measurement of uric acid, glucose & creatinine in serum
Uric acid, plucose and creatinine kovels wene measared using Abcam ssay kits (Abcam, Cambridge, UK), according,
to the manufacturer's instructions.

Statistical analysis

All valwes are expressed as mean + 50, To eliminate uncertzin data, the Q-Dhxon et was performed. The
Kolmoporov—Smirnov test was used o determine the distribution of the bevels of 3-imPGFo,, TBARS, unc acid,
glucos: and creatinine; as they did not follow a normal dissribution, nonparametrical tests (Mann—Whitney U-test,
auﬂlh:Spﬁ.rmm':m]ﬁourmh‘Hnntﬂ‘t} 'lll:r::.ppﬁﬂl.Th:Marm—m.itqu Mmmﬂbﬂmﬁ&ﬂ?ht
differences between sexes for both objectives. All p-values were two-sided. A prvalue <0.05 was considered w
indicate significance. Satisical software was used for all anabyses.

Results

The concentrations of 8-iso-PGFyy in urine and TBARS in serum and erythrocytes were found o be higher in
patients with nephrolithiass (before ESWL) than the contrel subjects (Figure 1, Tables 2 & 3). The concentration
of TBARS was also higher in patients with nephrolithiasis (after ESWL) than contmol. However, no difference
in TBARS concentration was observed between patients before ESWL and patients afier ESWL (Figure 1}. In
addition, no differences were obhoerved between men and women with repard to the concentrations of biomarkers
of lipid peraxidation (8-iso-PGFyy and TBARS) (Tables 2 & 3).

Hipher levels of plucose, wric acid and creatinine were found in the serum of patients with nephrolithiasis (before
ESWL) than of healthy subjeces (Takle 4). However, no such difference was observed between patients before
ESWL and patients afier ESWL {data oot shown).

A correlation was found berween an increased bevel of uric acid and chanpes in soprostane or TBARS conoen-
tration in patients before and after ESWL (Takle 5. However, no statisticlly sipnificant correlation was found
between pasient age and the concentrations of other tested compounds or tested biomarkers of oxidative stress (data
ot shown).

.ﬁ.rlur\es:ieme-grnup 1041 55Fmc-2018-0149
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Table 2. The level of B-isoPGF. in urine in patients with nephrolithiasis (before extracorporeal shock wave Iithotripsy),

and in control urine obtained from healthy volunteers.

Craracherstic of controd and pationts Uring
Laval of &50PGFy., (pg,/myg deatiningg
Comtrol (&) FE R EY S
Fatiants with maphroithiasss (bafora ESWL) {E) ATSEE 11T
(B A - p0.05)
Patiants with naphenithizst: batons ESWL)
Sac
—Malaig TR
— Famala 09 419 £ FITE

D vsC-p 05
Rasits 25 mean -£ standard doviation. The siatsbal anahys was dons by Wann-Whitnay st
ESWL: Exbraronpoesal shock wave Iholipsy.

Table 3. The level of thiobarbituric acid reactive substance in serum and erythrocytes in patients with nephrolithiasis

(before extracorporeal shock wawe lithotripsy), and in control serum and erythrocytes obtained from healthy wolunteers.

‘Craracterstic of mntnod and patients Erythmcytes Samum
\Lerwall off THARS {nmol,'g Hb) Lewal off TRARS {nmed /'mil of Serum)
‘Cowtrad [A) A 4D LI+ Del
Pationt with maphroithizk [batom ESAL E) 4NoxT5 0255+ 0147
{8 v A - p< 5] (B e A—po 00T
Fatients with maphroifthiask {Defoa EDAL)
S
~Mala (D e+ EB 0276 + 01248
~— Femala {09 Lr B3] 0208+ 0198

0w C—p o= 05} D C-p =00
Ramuils 3s minan £ slandand deviation. The sixiical nalek was done Dy Mann-Whitney fodt
ESWL Exbracornpossal shock waws fholripsy; Hb: Hemogiobing THARS: Thickarbituric add neacive: sutslanm.

Table 4. The level of selected compounds (creatinine, glucose and uric acid) in serum from patients with nephrolithiasis

[before extracorporeal shock wawe lithotripsyl), and in control serum obtained from healthy volunteers.

Charactarstic of P Laval of [mg/dn Laval of glemss (mgyan Lerwed of uric aoid {mg,di}
Comtrol (&) 085+ 016 BEO 4 200 45120
Fatiants with naphroifthiass (bafor LET+133 16T +439 BE+43
ESWIL} {H] EwA-p= 005 (B A - p0.05) (B A - p < DS)
Fatins with maphroiithiass (bafora
ESWAILY
o
—Malaig 2334188 58478 BT£1E
-~ Famala 09 FE-ES T MET + 304 TT+16
O C-p o 005 0w - poe0.05) (Vs C - p o= DUSH

Fasits 25 mian <& standard dviation. The siatsbal anahys was dons by Wann-Whitnay st
ESWL: Exbraorpoesal shock wave Ihobipsy.

id peroxidation (B-isoPGFz, and thiobarbituric acid

e and after extracorporeal

Patiants with nophwuithiasks (bafons ESWL)

Tha morralation batwean tha loval of Issprostanas (pg \mg creatinin) nd tha leval of wric acid (mg/d)
r= 0532 p <009

Tha corralation betwean the laval of TEARS nmaol/mi of sanam] and the vl of wric add {mg/d}

r= 048 [p <007}

Patiants with nopheothizsk (after ESWL

Tha rorralation batween the iaval of TEARS (nmal/mi of Sanam) and the vl of wric 2d (mg/d)

r= G478 (p < 005

ESWL: Exbrarorpoesal shock wavs Ifhoinpey, TRARS: Thinharbiuric 3cd mactvs witwhancg
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Discussion

The cumulative generation of RO is koown as oxidative stress. [t may be indicated by different bismarkers, thes
being markers of lipid oxidative modification. One of the best-known manifestations of oxidative stress in cells and
tiszues is lipid peroxidation. A major final product of lipid peroxidation found in cells and tismues is TBARS, which
can be used to evaluate the extent of oxidative sress B,10,29-311

Recent years have seen 2 number of studies which have used various biomarkers to investipate the role of oxidasie
stress in nephrolithiasis [1-8,32). Their indings indicate that renal cellular injury and inflammartion cased by ROS
mrp]aramlejniﬂhpwﬂ:j:rq:ﬁmﬁﬂﬂulnxﬂnmmmmdbrhjghzﬂ:mmﬂ levels of TRBARS and odher
markers of oxidative stress 34,33, Huang or al. (341 have indicated that lipid peroxidation correlates with urinany
levels of oxalate, citric acid and oseopontin in patients with renal clcium owlate stones. Moreover, increased
axidative stress hax been found to be amodated with kidney stone development, both in vive and jr eitre 1£,33,35.
In addition, cxidative stress in erythrocytes (lipid peroxidation messured by malondialdehyde) in patients with
calcium caalate stones cornelates with stone size and renal tubular damage (7. Moreover, erythrocyte oxidasive s
alsoy correlated with urinary glusathione S-transferases.

Our present findings indicate that patients with nephrolithiass exhibised oxidative stress in orine, serum and
erychrocytes. [n the present study; the urine bevel of isoprostanes, which is cormelated asa reliable marker of oxidative
stress in patients with nephrolithizsis was found to be over two-times higher than in control sbjects. The TBARS
generation assy found lipid peroxidation, in both serum and erythrocytes; to be significantly higher in patients with
nephraolithizsis than in healthy contral, suggesting that the serum and erythrocytes of patients with nephrolithiasis
have a poor ability to scavenge the excess droolating ROS.

Treatrment of renal stones relies on various surgical techniques. Ceban s2.al. B] have demonsmated that the surgical
trextment of complicated wrolithiasis results in @ decrease of oxidative stress and an increase in the potential of
antiradical and antiperoxidative protection. In these shudies, oxidative stres and anticxidant system changes weee
exarnined by different specific biochemical indices, induding the concentration of TBARS, the concentration of
ﬂunlg:mpsnfpmmn:md.rh:a:tmtrnfmmumdmtmerudmggluhrhmrdmu:.g]uhﬁmn:

Our findingx demonstrate for the frst dme that no difference in TBARS concentration exists between patients
before ESW L and patients after ESWL. [t should be underlined thas in our present study, the level of oxidative stress
in patients with nephrolithiass was not dependent on the age of the patient. In addition, it has been previoushy
demonstrated that ovidative damage to the plasma protein, measared by the degree of thicl groups and protein
mbmqhtimunccuuiu pﬂthhl&lﬁrﬂphmﬂﬂ:thandmdnurutappﬂ:mhwanyﬁdun this
damage (3. In sddition, some suthors have reported that ESWL causes oxidative stress in various rat models 137,38,

Mn[dmﬂdjnjﬁlﬂpﬂ:im:nhhzﬂ’ raied link k Hcl:wy:bnn:fmmaﬁ::ﬂmrd.hmhr
diseases. Cardiovascular disease risk factors, especially cholesterol, phospholipids and uric acid contribute to kidmey
stone formation (391 Kovacevic «# all 140] have also observed association berween nephraolithiasis and cardiovascular
diseaxe in children. Moreower, the patients with nephrolithiass were found to display altered hemostasis parameters,
indhuding blood platelet count, fibrinegen and D-dimer concentration, especially afier ESWL 3a. On the other
hand, our exrlier results have demonstrated that other hemostatic parameters (the activated partial thromboplastin
time, the prothrombin time and the thrombin time of plasma) are not changed in patients with nephmolithiasis
before and after ESWL, compared with halthy proup.

(eher experiments have shown that patients with nephrolithiass not enly demonstrate lipid peroxidation, but
als exidasion of other biomalecules, induding nudeic acids. Boonla of 2l g have reporied elevated excretion
of urinary 8-hydrooyd eoxypuanine, a marker of oxdative DNA damage, in oephrolithiasis patients. Urinary 8-
hydroxpdeoxypuanine was determined by competitive ELISA. The level of malondialdehyde, a biomarker of lipid
pemaxidation, was also evaluated; o greater level of renal tubuolar damage was found to be independently amodated
with elevated B-hydroxydecacyguanine in the urine. In this experiment, 30 healthy controls and 36 nephrolithiasis
patients were recruited.

Our Andings indicate thae various tested compounds, including the srum level of wric acid are to be higher
in ]:utiml: with rl.-q)]mdiﬂ:.[ad: than the control Eroup. Humbert and Stucker [41] :.nd. other authors pEw it | hawe
reparted that uric acd may play an impornant role in development and progression in chronic kidney diseases,
opening a way for new thermapeutic targets. However, uric acid may induce oxidative stress 144,45, For example,
Ahrmadnezhad o al (45 have noted thas serum uric acid is associated with the pro-oxidant-antioxidant balance in
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patients with metabolic syndrome. Recently, Cheng «f all 1471 have studied the dffect of different concentrations of
uric acid on oxidasive sress (using some biomarkers, incloding the activity of superoxide dismutase, the kevel of
reduced phutathione and the level of TBARS) in cell model {in witrs). Model cells were treated with uric acid {5,
10, 20 and 30 myg/dl) for 24, 72 and 96 h. These authors have observed that uric acid has sntioridant propersies in
the L-02 hepatocyte cell line in vifre when applied at concentrations of 5 and 10 mg//dl, bus increases the level of
axidative stress at the higher concentration of M mg/dl {for 48 h). Fabbrini & al (48 have demonstraged that the
level of seram uric acid (about 4.5 mg/dl) is associated with an increase in oxidative stress, assessed by measaring
mr-bupmﬂnu (:l:m:tmpg_.fmgmﬂ-n[ng} in nbueml:ied:. |tisa]mpmfh]-eiﬁ:tur;c acid m:.rph}'
an important role in the level of oxidative stress in patienss with nephrolithiags, as the nephrolithissis patients
examined in the present study displayed 2 comdation between an elevated concentmtion of uric acid and 2 greater
degree of lipid peroxidation, expressed as wrinary 8-iso-PGFm (the end product of peroxidasion of arachidonic
acid) and TBARS level: this was true for both patients before and after ESWL

In addition, glocose is very unlikely to function as antioxidant, because it induces glycation, for exmple, from
serum albumin, and the products of this process serve as oxidative markers. Therefore, we hypothesized that changes
of glucose level may be amociated with the oxidative stress in patienes with nephraolithiass. Cher findings show that
the concentration of ghucose in patients with nephrolithiasis is also increased. However, no cormelation was obssrved
between increased amouns nfghlmzmﬂ:hmguhﬂnmnmnhwﬂmufhhmaﬂmnfuﬂdaﬂvtm

Different studies demonstrace that dicts with a higher intake of fruits and wegetables may play an importans role
in the prevention of kidney stones 145,501, It is believed that the admini ion of exegenous antioxidants may be
useful in preventing and teeating nephrolithiass 21). Especially dietary phyto-phenolic compounds ax antioxidants
were found to be effective for the prevention of wrolithiasis. Tracy e al 331 have shown that daily pomegranate
extrace supplementation with 1000 mp phenolic compound extmct (for 90 days) may reduce oxidative stress

ine]) in recurrent stone formers. Other anthos also have demonstrated benehcial effect of
pmegranate juice in prevention of nephurolithiasis 51-540. Grases er al, (59 have indicted thar phenolic compounds
ﬁumgnpemﬂshnﬂumcﬂ'mh.lnﬂ:h:q:u:immt. rais were mmdldlﬁ.ptmphumﬂcmmpﬂuﬂtﬁr
example epicatechin and grape seed extract (200 mg/1 per day, for 16 days). Moreover, Amin #r.al. 154 have reported
that animals receiving aqueous extrace of =ffron (25, 50 and 100 mg/kg, daily) exhibited lowes lipid peraxidation,
measured by TBARS level, ax compared with lithistic control group. Recencly, resules of Ahmad # all |57 have
shown that Bergemia ciliats possesses antiovidant and antiulcer properties. Phytochemical scoeening of 8. cilfatr
demonstrated the presence of various oumpuund:. ind.m‘l.ing I=.|1.|1.ir|.:, tn]:-ﬂ'u.ld:_. Hawonaoids and .drrn;cl:.. which
may decide about therapeutic potential 157-59. In addition, Azaryan er all |9 have demonstrated thar agueows
ﬂiﬁ.:tufﬂnﬁ'uniumhxaﬂxﬁpulﬂ:xﬁnu hnhw{'ﬂ:rwp]:mﬂi‘thfad's. [nﬂ:l}::p-ﬂ'jmmt.hmdnﬁﬂnf
aquesus extract (low dose and high dose: 200 and 400 mg/kg) were used. However, recmitly, Rodgers or al j61]
have reparted that green tea from Japan and a Rooibos tea from Sowth Africa, both rich in antioxidants, do not
reduce the sk factor for stone foomation, boe this effect was observed in small ample sizex. Fach subject drank
two cups per day (125 ml each: the first at mid morning and the second az mid afternoon) for 30 days.

Qin &t al. 2] have observed that losrtan ameliorsted renal crystallizasion by inhibiting oxidative stress and
MNADTH coxidase. Orridative stress was evaluated by various biomarkers: urinary §-hydroxydeccyguanine, malomnyl-
di:.lcln'h?ﬂ: and antioxidant EOEYITES mpu'ocdd.l: dismutase and catalase.

It &s important thas anticxidants may prevent shock wave-induced renal tubular oxidative sress 153,64

These Aindings may sugpest somme clues for new trestment srategies with variows food supplements or medications,
which reduce not onoly the level of oxidative stress, but also the level of uric acid in pasients with nephrolithissis,
before and after ESWL. In addition, considering the dam presented in this study; &t is likely that ESWL does not
induce an increase of lipid peroxidation in patients with nephrolithiasgs. Further studies based on larger groups
of patients with nephrmolithiasis, either before or after ESWL, or another form of treatment, will be needed o
determine the effect of uric add on the levels of various biomarkers of oxidative stres.

Condusion & future parspective

The obained resulis may help to bettes understand mechanism of oxidative stress, especially lipid peroxidation and
the role of uric acid in this process, in patienes with nephrolithiasis. [n sddition, the obtained results may slso help
manitoring side-effects of ESWL in patients with nephralithiasis.

104155 Fmc-2018-0149 Finture Mad. Chem. (Epub abead of print) ﬁ.rlunes:iu‘-ce-gna.lp.
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= |n patlents with nephrolithlssls, dysregulation of reactive axygen species metabollsm ks observed.

» Our results show =n Inmeased concentration of blomarkers of Bpdd paraxidation and uric scd in patients with
niephralithiasts In comparison with healthy group.

» Dur results demonstrate these Is no difference In ikl peraxidation bebween patients with nephrofithiasts befare
extracorporesl shock wave Iithotripsy, and the dey sfter extracorporeal shock wave Ithotripsy.

» WE suggest that tha Incressed amount of uric a0d May be asociated with lipid peroxidation in patiants with
nephrolfthisis.
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Purpose: In patients with nephrolithasis, oodative siress, especially ipid perovadation
is observed. Moragower, vanous invasive methods [Incuding extracorporeal shock wave
lithotripsy (ESWL)] for treatmeont of nephrolithiasis may induce not only the oxddative
stress, but they may modulate hemostasis. The study was aimed o evaluate the
oxidafive damages of lipids and proteins in patients with nephrolithiass (before and
after ureteroscopic ithotripsy — URSL). The aim of the present study was also determine
salected parametars of hemostasis in these patents.

Methods: 56 patients with nephrolithiasis and 49 healthy participants were included:
30 man and 25 women (for pabient group); 27 men and 22 women (for healthy group).
'We measuwred the level of salecied typical two biomarkers of crddative modification of
lipids [such as the production of thicbarbituric acid reactive substances (TBARS) and
isoprostane concentration (8-is0PGFz,]] and two biomarkers of oxidative damages of
proteins (carbomylation and the level of thicl groups) in patients with nephrolthiasis
[beforo and afier URSL). The following parameters of hemostasis were moasurod:
blood platelet count, the level of fibrinogen and D-dimer, and coagulation times (the
activated partial thromboplastin time (AFTT), prothrombin time (PT), and thromizin time
(TT} of plasmal.

Results: Differant levels of plasma lipid peroxidation were obsarved in patients with
nophrolithiasis before URSL and after URSL. However, no such difference in the
lewol of oxidative damage to plasma proteins was obsarved. In addition, the tesiod
hemostasis parameters were not influenced by the presence of nephrolithiasis, nor by
treatrmant with URSL.

Conclusion: Wea sugoast URSL does not induce the oxidative modifications of plasma
proteins and doas not change hemostatic parametars in patients with nephrolithiasis.
Koywords: hamostasis, nephrolithiasis,
Ithotripsy
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INTRODUCTION

Omidative stress causes damage to different biomolecules -
lipids, proteins and DNA. Moreover, oxidative stress may induce
changes elements of hemostasis (including coagulation process
and blood platelet activation) in various diseases. In recent
in patients with nephrolithiasis, however, the mechanism(s) of
this process is not well known. It has been previously shown that
especially lipid peroxidation [mezsured by different biomarkers:
B-isoprostaglandin F; (8-isoPGF;,) and thicharbituric acid
reactive substances (TBARS)] exists in these patients Increase
of lipid peroxidation was demonstrated in different biological
materials (serum, plasma, erythrocytes, and urine) obtained from
patients with nephrolithizsis (Khan, 2005, 2012, 2013ab, 2014;
Boonla et al, 2007; Ma et al., 2014; Ceban et al., 2016). In addition,
various invasive methods [including extracorporeal shock wave
lithotripsy (ESWL]] for treatment of nephrolithiasis may also
induce the oxidative stress (Gecit et al., 2002; Garca et al., 2014;
Wozniak et al, 20017, 2018) and modulate hemostasis {Woeniak
et al., 2017). Modulation of hemostasis was observed 30-240 min
after shock wave lithotripsy (SWL) (Hughes et al, 2015) and the
day after ESWL (Wozniak et al, 2017).

Ureternscopic Lithotripsy (URSL) is one of the most common
operations in urology. Moreover, it is and important that is
an effective and safe method for managing ureteral stones
(Seitz et al, 2007; Tao et al, 2015). Complications ooour
in less tham 0.1% of cases (Muttall et al. 2010). However,
the effect of URSL on parameters of oxidative stress and
hemostasis in patients with nephrolithiasis has not been
studied yet. Thus, the main objective of our experiments was
to examine the level of selected typical two biomarkers of
oxidative modification of Lipids (such as the production of
TBARS and isoprostane concentration) and two biomarkers
of oxidative damages of proteins (carbonylation and the level
of thiol groups) in patients with nephrolithiasis (before and
after URSL). Moreover, the aim of the present study was also
determine selecied parameters of hemostasis (blood platelet
count, the level of fibrinogen and D-dimer, and coagulation
times (the activated partial thromboplastin time (AFTT),
prothrombin time (PT), and thrombin time (TT) of plasma)
in these patients.

MATERIALS AND METHODS

Patients and Samples

The blood samples were collecied from 56 patients (30
men and 26 women) whom had been referred to the
2nd Department of Urlogy, Medical University of
Lodiz, Poland, for URSL. The exclusion criteria were as
follows: the presence of urinary fract infection, other
inflammatory or malignant disease, diabetes mellitus,
history of heart disease, or chronic kidney disease Before
URSL anatomy of the kidney and excretory path for all
patients were investigated by intravenous urography, and no
anomalies were found.

A group of 49 healthy individuals (27 men and 22 women)
were collected from the hospital from routine controls of health
amnd used & comtrol They were non-related men and women,
that have mever been diagnosed with nephrolithiasis or chronic
disease and were randomly selected and frequency matched to
the cases on age.

The blood and urine samples were collected from the patients
before URSL, and 1 day after URSL. The blood samples
amnd the urine samples were taken from patients and healthy
participants keeping 2 balanced diet (meat and wvegetables),
with similar socio-economic background, wsing no anticxidant
supplementation and any medications (£e anti-platelet drugs or
anti-inflammatory agents).

Erythrocytes were separated from plasma by centrifugation
(2800 = g for 10 min). Concentration of hemoglobin was
determined by the cyanchemoglobin method using Drabkin’s
reagent Participants provided albso first moming void urine
samples {50-100 ml), which was kept on ice and processed within
4 h Plasma samples obtained from the participants were stored at
—B0>C within 2 h of removal

The protoco]l was passed by the Committee for Hesearch
on Human Subjects of the Medical University of Ladi
BEMMM01/1¥WEE. The protocol was passed by the Committee
for Research on Human Subjects of the Medical University of
Ladi BEWNMN/101/13/KE The first, participants provided verbal
consent to the researchers, and later participanis provided
written the documents. Authors had access to identifying
participant information

Parameters of Oxidative Stress
Maasuremant of Lipid Poroxidation — The Lewvel of
B-isoPGFg,

The level of B-soPGF;, was estimated in urine samples
from comtrol subjects and from patients using an
immunoassxy kit (Cayman Chemical) according to  the
manufacturer’s instructions.
Meaazurement of Lipid Poroxidation — Tho Level of
TBARS

Samples of plasma or erythmocytes were transferred to am
equal volume of cold 20% (wv) trichloroacetic ackd in
o6 M HO and centrifuged at 1200 = g for 15 min. One
volume of dear supermatant was mized with 0.2 volume
of 0.12 M thicharbituric acid in 026 M Trs (pH 7.0)
immersed in a boiling water bath for 15 min. and then
absorbance was measured at 535 nm (the SPECTROstar
Nano Microplate Header - BMG LABTECH (Germany)
(Wachowicz, 1984; Bariosz, 2008). The TBARS concentration
was caloulated wuwsing the molar extinction coefficent
(e = 156,000 M~ 'cm—').

Maazuroment of Protein Carbonylation

The detection of carbonyl groups in proteins was carmied
out sccording to Levine et al (1990) amd Bartosz (2008).
The carbonyl group concentration was caboulated wsing a
molar extinction coefficent (= = 22,000 M~ 'an~"), and the
level of carbonyl groups was expressed as nmol carbonyl
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groupa’'mg of protein. Carbonyl content was determined by
taking the SPECTROstar Mano Microplate Reader - BMG
LAETECH Germany.

Measurement of the Level of Thiol Groups

The thiol group content was measured spectrophotometrically
(the SPECTROstar Nano Microplate Reader - BMG LABTECH
Germany) by absorbance at 412 mm with Ellman's reagent:
55 -dithio-bis-(2-nitrobenzoic  acdd). The thiol group
concentration was calculated using 2 molar  extinction
coefficient (e = 13,600 M—'cm—"} (Ando and Steiner, 1973akb;

Bartosz, 2008). The level of thiol groups was expressed as nmeol
thiol groups'myg of plasma protein.

Parameters of Hemostasis

The Measurement of Prothrombin Time

The PT (seconds) was determined coagulometrically (BCS XP
Healthcare Diagnostics Siemens, Germany) in citrated samples.

The Measurement of Thrombin Time
The TT (seconds) was determined coagulometrically (BCS XP
Healthcare Diagnostics Siemens, Germany) in citrated samples.
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The Measurement of APTT
The APTT (seconds) was determined coagulometrically (BCS XP
Healthcare Diagnostics Siemens, Germany) in citrated samples.

The Measurement of Blood Platelet Concentration
Blood platelet count was performed using an automated cell
counter (Sysmex XN-2000, Sysmex, Japan) in dtrated samples.
The platelets were measured in wnits = 10%/1

The Measuramant of Fibrinogan

Fibrinogen (g1) concentration (in citrated samples) was
measured using an analyzer (BCS XP Healthcare Diagnostics
Siemens, Germany).

The Measurement of D-Dimer

D-dimer (ng/'ml} concentration was determined by an analyser
(BCS XP Healthcare Diagnostics Siemens, Germany) in
citrated samples.

Statistical Analysis

The statistical analysis was done by several tests. All the
values in this study were expressed as mean + SD. Im
omder to eliminate unceriain data, Q-Dixon test was
performed. Since levels of biomarkers of oxidative stress
in studied material did pot show normal distibution
(Kolmogorov-5mimov  test) the non-parametrical statistical
test (Mann-Whitney U test) was applied Reported
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RESULTS

As demonstrated on Figare 1, the TBARS level in plasma was
significanily increase in patients with nephrolithiasis (before
URSL) thanm im control In plasma samples from patients
with nephrolithiasis (before URSL), the level of TBARS was
increase by about 116% compare to control group (Figare 1).
The concentration of TBARS in plasma from patients with
nephrofithiasis (after URSL) was albso higher than in patients
with nephrolithiasis (before URSL) and higher than in healthy
volunteers (Figare 1). In addition, the concentration of TBARS

in erythrocytes in patients with nephrolithiasis (before URSL
and after URSL) differed markedly from healthy volunteers
(Figare 2). The TBARS content in erythrocytes in patients with
nephrolithiasis (before URSL and after URSL) was significantly
higher than in controls [and increase - about 25% (before
URSL), and about 35% (after URSL)] (Figare 2). The level
of TBARS in erythrmocytes from patients after URSL was also
changed, compared with patients before URSL, however, it was
nod statistically significant { Figare 2).

(Other experiments showed that the concentration of
isoprostane in urine from patients (before and after URSL) was
found to be higher than the concentration of isoprostane in urine
obtained from healthy volunteers (Figare 3). The concentration
of isoprostane in urine from patients (after URSL) was abso
higher than in patients (before URSL) (Figare 3).
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The level of carbony] groups in plasma proteins from patients
with nephrolithizsis (hefore and after URSL) was found to be
higher than the level of carbonyl groups in plsma proteins
obtained from healthy volunteers (Figare 4). On the other
hand, the level of carbonyl groups in proteins from patients
(after URSL) was lower than in proteins from patients (before
URSL) (Figare 4). However, this change (in the concentration
of carbonyl groups) was not statistically significant (Figare 4).
Figare 5 demonstrates that the level of thiol groups in proteins
from patients (after URSL) was dlightly lower than in proteins
from patients (before URSL), bt mot statistically significant.

Figures §-9 demonstrate parameters of hemostasis in patients
with nephrolithiasis before and after URSL. For example, blood
platelet counts were (abowt 14%) lower in patients after URSL

than in healthy subjects or in patients before URSL, but these
changes were not statistically significant (Figare &). Meither,
fibrinogen, D-dimer and coagulation times (APTT, PFT, and
TT) were influenced by the presence of nephrolithiasis, nor by
treatment with URSL (Figares 7-9).

Moreover, we did not observe the difference in concentrations
of biomarkers of coxadative stress between the group of men and
the group of womemn.

DISCUSSION

Lipids and proteins are major targets for oxidants Omidative
stress itself is known to play a2 role in nephrolithiasis through
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the action of free radicals, which are believed to initiate the
inflammation process and induce renal cellular injury (Fhan,
2005, 2012, 2013ab, 2014 Boonla et al, 2007; Ma et al.
2014; Ceban et al, 2016). In addition, increased oxidative
stress may also be comelated with kidney stone development
(Caspar et al, 2010). For example, oxidative stress has been
reported in the erythrocytes of patients with calcium oxalate
stomes, resulting in renal tubular damage and increases in
stome sime (Ma et al, 2014) Other stsdies suggest that urinary
levels of oxalate amd diric oxide may be cormelated with
lipid peromidation (Huangetal,2003). The present study
by using different biomarkers of oxidative siress - damages
of lipids, including the change of TBARS (in plasma and
erythrocytes) and the change of isoprostane level in wrine
provides evidence that in patients with nephrolithiasis, oxidative
stress — lipid peroxidation occurs. It should be underfimed
that in our present experiments tested samples from patients
were taken before and after URSL. It & very important,
becawse various drugs, which are wsed during treatment (Le..
surgery) may induce oxidative stress in different tissues, blood
cells and plasma (Wang et al, 2017). However, Ceban et al
(2014) studied oxidant and antioxidant status in the blood of
patients with complicated wrolithiasis pre- and post-surgery.
Omidant and antioxidant stabus was measured also by various
parameters, incheding the level of thiol groups amd activity
of different anticxidant enzymes (ie, glutathione dismutase
and glutathione reductase). Experiments of these awthors
demonstrated that the surgical treatment of complicated
uralithizsis leads a decrexse of the oxidative stress and an
increase im potential of amtioxidant status Om the other
hand, in wifro and in vivo experiments show that increased
oxidative stress is associated with kidney stone development
(Khan, 2005, 2012, 2013ab, 2014 Boomla et al, 2007;

Ma et al, 2014; Ceban et al, 2006). Our earfier results indicate
that ESWL abso induces the oxidastive stress (measured by the
level of carbonyl groups in plasma proteins in patients with
nephrolithiasis) and modulates hemostasis in these patients
{Wozniak et al., 2017). A key novel finding of this experiment is
that patients with nephrolithiasis undergoing other method for
treatment — URSL, experience an increase in lipid peroxidation
(measured by two typical biomarkers: TBARS and isoprostanes),
as compared to healthy volunteers. Moreover, changes in lipid
peroxidation were found between patients before URSL amd
patients who had completed treatment.

Hemostasis is thought to be modulated by oxidative stress
{Mowak et al., 2010). However, in the present study, no changes
in oxidative damage to plasma proteins, indicated by the
levels of thiol groups and carbonyl groups, were observed in
the nephrolithiasis patients before URSL and after URSL. In
addition, a significant novel finding is that URSL does not
appear to induce changes in hemostasis, measured by variouws
typical parameters, including blood platelet count, fibrinogen
concentration and coagulation times in these patients. The
only possible explamation for this lack of observed change
was that no oxidative damage had occurred to the plasma
proteins. Hughes et al (2015) also report that treatment of
solitary kidney stones by SWL does not appear o influence the
binchemical parameters of hemostasis, measured by coagulation
times (APTT and FT).

This present study is the first to examine the effect of URSL
on parameters of oxidative stress and hemostasis in patients
with mephrolithiasis. Owr findings indicate that URSL does
not induce any oxidative modification in plasma proteins nor
does it change the hemostatic parameters in these patients.
Howewer, the differences in levels of oxidative stress biomarkers
are small, but they are statistically significant. Moreowver, it is not
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clear whether these statistical changes are clinically significant.
Therefore, further experiments based on larger groups of patients
are needed to more precisely determine its influence on oxidative
stress and hemostasis,
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Podsumowanie

Materiat dysertacji stanowig trzy publikacje o tfagcznym 1F=9,584 (300 punktow MNiSzW)

Pracanr 1
IF=2,766 (100 punktéw MNiSzW)
Pawel Wozniak, Bogdan Kontek, Waldemar Rézanski, Beata Olas.

Evaluation of hemostasis parameters and the role of the oxidative damage to plasma
proteins in the modulation of hemostasis in patients with nephrolithiasis before and after
extracorporeal shock wave lithotripsy.

PLo0S One 10:e0185157. doi: 10.1371/journal.pone.0185157 (2017)

W artykule oceniono wptyw metody ESWL na parametry hemostazy i wybrane markery
stresu oksydacyjnego: poziom karbonylacji biatek 0socza i poziom grup tiolowych w biatkach
osocza. Nie zaobserwowano rdéznic pomiedzy pacjentami z kamicg nerkowa przed i po ESWL
oraz zdrowymi osobami z grupy kontrolnej w stosunku do czaséw krzepniecia: PT, TT i APTT.
Natomiast stgzenie fibrynogenu i liczba ptytek krwi bylo nizsze u pacjentow po zabiegu ESWL
niz przed zabiegiem. Pacjenci z kamica nerkowg poddani zabiegowi mieli wyzsze stezenie
D-dimerow. Oceniany poziom markerow stresu oksydacyjnego okazat si¢ wyzszy u chorych
z kamicag nerkowa niz w grupie kontrolnej, jednak nie ulegt istotnym zmianom po zabiegu
ESWL. Stres oksydacyjny moze indukowa¢ zmiany hemostazy u pacjentow z kamica moczowa
zarowno przed, jak 1 po zabiegu ESWL. Zmiany parametrow hemostazy takie jak fibrynogen,
liczba ptytek krwi i D-dimery u pacjentow po ESWL moga sugerowa¢ wptyw tego zabiegu
na proces hemostazy.
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Praca nr 2
IF=3,617 (100 punktéw MNiSzW)
Pawel Wozniak, Bogdan Kontek, Waldemar Rézanski, Beata Olas.

The lipid peroxidation in patients with nephrolithiasis before and after extracorporeal
shock wave lithotripsy.

Future Med. Chem. 10, 2685-2693. doi: 10.4155/fmc-2018-0149 (2018)

W przeprowadzonym badaniu oceniano poziom peroksydacji lipidow przed i po zabiegu
ESWL u pacjentow z kamicg nerkowg. Analizie poddano stezenie izoprostanow (8-1SOPGF2)
oznaczanych w moczu i st¢zenie produktéw peroksydacji lipidéw z kwasem tiobarbiturowym
(TBARS) w surowicy krwi i erytrocytach. Dodatkowo, badano st¢zenie kwasu moczowego,
glukozy 1 kreatyniny w surowicy krwi. U chorych z kamica nerkowa zaréwno przed,
jak 1 po zabiegu ESWL obserwowano znaczaco wyzszy poziom dwoéch réznych markerow
peroksydacji lipidow i stgzenia kwasu moczowego w poréwnaniu z grupg kontrolng.
Nie stwierdzono réznicy w poziomie peroksydacji lipidow u chorych z kamica nerkowa przed
zabiegiem ESWL w porownaniu z poziomem oznaczanym dzien po zabiegu. Podwyzszony
poziom kwasu moczowego moze by¢ zwigzany z peroksydacja lipidow u chorych z kamica
nerkowa.
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Pracanr 3
IF=3,201 (100 punktéw MNiSzW)
Pawel Wozniak, Bogdan Kontek, Bartosz Skalski, Anna Krél, Waldemar Rézanski, Beata Olas.

Oxidative stress and hemostatic parameters in patients with nefhrolithiasis before
and after ureteroscopic lithotripsy

Front. Physiol. 10:799. doi: 10.3389/fphys.2019.00799 (2019)

W publikacji poddano analizie zmiany oksydacyjne zachodzace w lipidach i biatkach
oraz parametry hemostazy chorych z kamicg moczowa poddanych zabiegowi endoskopowego
kruszenia zlogdéw laserem holmowym (URSL). Podobnie jak w wyzej omoéwionych pracach
peroksydacja lipidow okres$lana byta w moczu przy pomocy izoprostanow Fo (8-i1SOPGF2«)
1 stgzenia produktow peroksydacji lipidéw z kwasem tiobarbiturowym (TBARS) w surowicy
krwi i erytrocytach. Natomiast zmiany oksydacyjne w biatkach na podstawie okreslenia ilo$ci
grup karbonylowych i tiolowych. Analizie poddano wybrane parametry hemostazy, takie jak:
liczba ptytek krwi, fibrynogen, D-dimery i czasy krzepnigcia: APTT, PT i TT.

Liczba ptytek krwi byta o 14% nizsza u pacjentéw po URSL w poréwnaniu do grupy
kontrolnej i u pacjentow przed URSL, ale nie byta to rdéznica istotna statystycznie.
Zaden z pozostatych parametréw hemostazy i czasoéw krzepnigcia nie byt zalezny od kamicy
nerkowej czy zabiegu URSL. Poziom TBARS w osoczu byl znaczaco wyzszy u pacjentow
z kamica niz w grupie kontrolnej. U pacjentéw przed URSL byl o 116% wyzszy w poréwnaniu
do zdrowych ochotnikdéw, a po zabiegu wzrost o kolejne 70%. Réwniez poziom TBARS
w erytrocytach u chorych na kamic¢ moczowa roznit si¢ znaczaco od grupy kontrolne;j,
odpowiednio wyzszy o 25% przed URSL 1 35% po URSL. Badanie stezenia izoprostanow
w moczu wykazalo wyzsze wartosci u chorych w porownaniu do zdrowych ochotnikow
1 wyzsze stezenie u pacjentdow po URSL niz przed.

Poziom grup karbonylowych w biatkach osocza pacjentéw z kamica moczowa przed
i po URSL byt wyzZszy niz w grupie kontrolnej. Jednakze u pacjentow po URSL byt nizszy
od pacjentow przed URSL, réznica ta nie byla istotna statystycznie. Stezenie grup tiolowych
w biatkach osocza byto nizsze u chorych po URSL niz u chorych przed URSL, ale statystycznie
nieistotne.
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Whnioski

Lipidy i biatka sg gtdwnym celem oksydantow. Stres oksydacyjny za posrednictwem
wolnych rodnikow wptywa na rozwoj kamicy nerkowej w mechanizmie aktywacji procesu
zapalnego i uszkodzenia komorek nerkowych??22324 Jak donosza inne badania, poziom stresu
oksydacyjnego mierzonego w erytrocytach chorych na kamic¢ szczawianowo-wapniows

koreluje ze stopniem uszkodzenia kanalikow nerkowych i wielkoécig kamienia?®.

Zaprezentowane w rozprawie doktorskiej badania oparte o dwa niezalezne markery
stresu oksydacyjnego lipidow - izoprostany w moczu i TBARS (w surowicy i erytrocytach)
wykazaly, ze u pacjentow z kamica nerkowa poziom stresu oksydacyjnego jest znaczaco
wyzszy zarbwno w grupie chorych poddanych ESWL, jaki i URSL.

Poziom ocenianych markeréw stresu oksydacyjnego lipidow nie ulegt istotnym zmianom
po zabiegu ESWL, natomiast znaczaco wzr6st po zabiegu URSL. Stezenie izoprostanow
w moczu okazalo si¢ wyzsze u chorych w poréwnaniu do zdrowych ochotnikéw 1 wyzsze
u pacjentow po URSL niz przed zabiegiem.

Wybrane w badaniu do oceny oksydacji bialek grupy tiolowe i karbonylowe zar6wno
u chorych leczonych na drodze ESWL, jak i URSL nie wykazaty istotnych statystycznie zmian.

Stres oksydacyjny moze indukowa¢ zmiany hemostazy u pacjentow z kamica moczowa
zaréwno przed, jak i po zabiegu ESWL. Zmiany parametrow hemostazy takich jak spadek
stezenia fibrynogenu i liczby ptytek krwi oraz wzrost wartosci D-dimerow u pacjentow
po ESWL moga sugerowaé wptyw tego zabiegu na hemostazg. Wyniki te nasuwaja zachowanie
szczegllnej ostroznosci w leczeniu kamicy na drodze ESWL u pacjentow z choroba
niedokrwienng serca, po zatorowos$ci plucnej czy zakrzepicy konczyn dolnych, zwlaszcza
przyjmujacych leki przeciwptytkowe. W Swietle przeprowadzonych badan ryzyko powiktan
krwotocznych wydaje si¢ by¢ wigksze u chorych poddanych ESWL, a litotrypsja za pomoca
endoskopowej ureterorenoskopii bardziej odpowiednia.
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