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Abstract

Introduction: Urinary tract infection (UTI) is one of the most common bacterial infectious diseases in children. The aim of this study was to deter-
mine the total prooxidant and antioxidant capacity of children with UTI, as well as changes of oxidative status parameters according to acute inflam-
mation persistence and acute kidney injury (AKI) development.

Materials and methods: The patients enrolled in the study comprised 50 Caucasian children (median age was 6 months) with UTI. Total oxidant
status (T0S), total antioxidant status (TAS), oxidative stress index (0SI), inflammation marker C-reactive protein (CRP) and renal function parameters
urea and creatinine were analyzed in patient’s serums.

Results: According to duration of inflammation during UTI, TAS values were significantly higher (0.99 vs. 0.58 mmol/L, P = 0.017) and 0SI values
were significantly lower (0.032 vs. 0.041 AU, P = 0.037) in the subjects with longer duration of inflammation than in the subjects with shorter durati-
on of inflammation. We did not find significant difference in basal values of oxidative status parameters according to AKI development.

Conclusions: 05l values could detect the simultaneous change of TAS and TOS due to change in the oxidative-antioxidant balance during the reco-
very of children with UTI. TAS and 0SI as markers of oxidative stress during UTI are sensitive to accompanying inflammatory condition. Further inve-

stigations are needed to evaluate whether TAS, TOS and 0SI could be used to monitor disease severity in children with UTI.
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Introduction

Oxidative stress as a state of imbalance between
oxidant and antioxidant processes of the human
body may be both the cause and the consequence
of many diseases. Due to this fact, the determina-
tion of oxidative stress, as well as the capacity of
the antioxidant defence may be important for im-
proving the health of individuals and of the gen-
eral population.

Nowadays, it is a well-known that oxidative stress
plays an important role in the pathogenesis of var-
ious kidney diseases. The kidney is an organ highly
vulnerable to damage caused by reactive oxygen
species (ROS), most likely due to the abundance of
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long-chain polyunsaturated fatty acids in the com-
position of renal lipids (1). Urinary tract infection
(UTI), the most common bacterial infection that af-
fects the human population, causes oxidative
stress and leads to suppression of the antioxidant
enzymes (2). Oxidative renal injury during UTI re-
sults partly from ROS generated by activated in-
flammatory cells, such as neutrophils and mono-
cytes, which infiltrate the glomeruli (3). Polymor-
phonuclear leukocytes, a major limiting factor for
bacterial growth in the urinary tract, are responsi-
ble for the development of renal tissue damage as
well (4). In addition, it is a well-known that bacteria
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break down collagen and other components of
the extracellular matrix, amplifying glomerular
and mesangial damage (5). Moreover, associated
with the degree of inflammation, release of cy-
tokines and proteolytic enzymes from leukocytic
infiltrates may initiate scar formation and renal fi-
brosis, subsequently resulting in an end-stage kid-
ney disease (6,7). More severe forms of the UTI may
also cause acute complications. Children with an
UTI may develop a pre-renal type of acute kidney
injury (AKI) because of renal hypoperfusion due to
severe dehydration.

Scintigraphy is a current diagnostic procedure for
monitoring of renal involvement during UTI (up-
per UTI) and related parenchymal inflammation.
This is an invasive and expensive technique that is
not always available, and a search for non-invasive
methods therefore deems necessary (8). Motivat-
ed by the growing awareness of the impact that
oxidative stress plays in the pathophysiology of
kidney diseases, this study was created primarily
with a desire to consider the role of new parame-
ters and non-invasive method in assessing the
condition and the outcome of a disease in paedi-
atric patients with a diagnosis of UTI.

Due to extreme instability of ROS, the clinical as-
sessment of oxidative stress is based on measuring
of different stable oxidized by-products and anti-
oxidant substances. Serum (or plasma) concentra-
tions of different oxidants and antioxidants can be
measured in laboratories separately, but the meas-
urements are time-consuming, labor-intensive and
require complicated techniques (9,10). Accordingly,
many methods which measure total prooxidant
and antioxidant capacity separately have been de-
veloped. Parameters determining the total content
of oxidants and antioxidants may be especially
useful in paediatrics, which often dispose of small
amounts of specimens.

We tested the hypothesis that kidney damage dur-
ing an UTl is associated with inflammation and in-
creased production of oxidative free radicals in
blood. The aim of this study was to determine the
total prooxidant and antioxidant capacity of chil-
dren with UTI by measuring parameters: total oxi-
dant status (TOS), total antioxidant status (TAS),
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oxidative stress index (OSI), as well as their chang-
es according to acute inflammation persistence
and AKI development.

Materials and methods

Study design and subjects

We performed a prospective observational single-
centre cohort study of children with UT at the Uni-
versity Children’s Hospital in Belgrade, Serbia, over
a period of one year (between January 2011 and
December 2011). The patients enrolled in the study
consisted of 50 Caucasian children from 1 month
to 12 years of age (median age was 6 months) with
a first-time community-acquired UTI, of whom 28
were male patients and 22 were female patients.
Three patients were between 3 and 12 years old,
four of them were between 12 and 36 months and
most of them, 43 or 86% were younger than 12
months. An informed consent was obtained from
parents prior to enrolling children into the study.
The consent was prepared according to the Decla-
ration of Helsinki ethical guidelines. An institution-
al review committee approved our study protocol
by following local biomedical research regulations.
Children with known urogenital or anorectal mal-
formations, or neurological disease were excluded
from the study. After obtaining the informed con-
sents at the time of admission to the hospital, urine
culture, urinalysis, serum urea, creatinine, C-reac-
tive protein (CRP) and white blood cell (WBC) count
measurements were performed. Patients who met
the following criteria were included in the study:
fever higher than 38.5 °C, leukocytosis defined as
leukocyte count more than the normal value ac-
cording to age, CRP higher than 20 mg/L, positive
reaction for leukocyte esterase in urine test strip
and/or pyuria (microscopic examination of urine
sediment: > 10 WBC). UTI was diagnosed when
there was significant bacteriuria (> 100.000 colo-
ny-forming units (CFU/mL)) in the urine culture. All
children underwent abdominal and urinary tract
ultrasound examinations within the 48 hours of
admission to the hospital. However having a void-
ing cystourethrogram was optional (pending phy-
sician’s request and parents’ decision). Repeat lab-
oratory tests (urine, urine culture, blood WBC and
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CRP) were performed on all patients after 48-72
hours of admission to the hospital. Discharge crite-
ria were evaluated by analysing the clinical re-
sponse to antibiotic therapy (fever, blood WBC and
CRP, urine WBC and urine culture).

Classification of patients was carried out in two
ways: assessment of the renal function, and of the
duration of inflammation during UTI according to
the CRP value upon discharge from the hospital.
Assessment of the renal function was performed
via estimated glomerular filtration rate (GFR) using
the Schwartz formula (11):

GFR (mL/min/1.73 m?) = k x body height (cm)
/creatinine (umol/L);

coefficient k is 39.8 for full term infants < 1 year,
48.6 for children aged 2-12 years and for female
older than 12 years, and 61.9 for males older than
13 years. Grouping of patients according to AKI de-
velopment (with AKI and without AKI, respective-
ly) was performed according to the decline of GFR
to below 25% in relation with the normal values
for the age (12). In another classification, patients
were divided by CRP value at discharge from the
hospital. A concentration of CRP > 10 mg/L is con-
sidered indicative of a clinically relevant inflamma-
tory condition (13). In this study, it represents UTI
in remission but with prolonged inflammation. Ac-
cordingly, two groups were formed: patients with
CRP concentration higher than 10 mg/L were
marked as patients with a longer duration of in-
flammation (coded with 1), while patients with CRP
concentration less than 10 mg/L were marked as
patients with a shorter duration of inflammation
(coded with 0).

Sampling

Blood samples were drawn from each patient to
measure the following parameters: WBC count, se-
rum concentrations of inflammation marker CRP,
renal function parameters - urea and creatinine,
and oxidative status parameters — TAS and TOS.
Blood was collected in vacuum tubes without ad-
ditive (4 mL) for biochemical analysis and with an-
ticoagulant K,-EDTA (3 mL; both Becton, Dickinson
and Company, Franklin Lakes, NJ, USA) for WBC
count. Centrifugation of clotted blood was per-
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formed in order to collect serum at 1200 x g for 10
minutes. Serum samples for oxidative status pa-
rameters were frozen at -80 °C and analysed with-
in 3 months, while all other tests were performed
immediately. Urine samples were collected by
midstream clean catch or sterile bag method. One
part of the urine was used for chemical analysis
and microscopic examination of the urine sedi-
ment, and the other part of urine was transferred
to dipslide, in order to ensure adequate storage for
microbiological examination.

Methods

CRP was determined by a nephelometric method,
Siemens C-reactive protein assay using a Dimen-
sion RxL Max Integrated Chemistry System (Erlan-
gen, Germany). Creatinine and urea were analysed
by routine methods, Olympus System Reagents
using an Olympus analyzer AU 2700 (Hamburg,
Germany). TAS was determined using a spectro-
photometric method developed by Erel (9). This
method is based on the decoloration of 2.2-azino-
bis-(3-ethylbenzothiazoline-6-sulfonic acid)-radi-
cal cation by antioxidants present in serum. The
reaction rate was calibrated with Trolox (a water-
soluble analogue of vitamin E, 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) and the
TAS value of the samples is expressed as mmol
Trolox equivalent per litre (mmol Trolox Equiv./L).
TOS was determined using a colorimetric method
also developed by Erel (10). The assay is based on
the oxidation of ferrous ion to ferric ion in the pres-
ence of various oxidant species in acidic medium
and the measurement of the ferric ion by xylenol
orange. The assay is calibrated with hydrogen per-
oxide and the results are expressed in terms of mi-
cromolar hydrogen peroxide equivalent per litre
(umol H,0, Equiv./L). Serum samples were meas-
ured spectrophotometrically at 620 nm for TAS
and at 546 nm for TOS on ILab 300 Plus analyzer,
Instrumentation Laboratory (Milan, Italy). The in-
tra-assay and inter-assay coefficients of variation
for TAS were (1.9% and 4.4%, respectively) and for
TOS were (3.0% and 5.6%, respectively). The TOS
to TAS ratio was regarded as OSI (14). To perform
the calculation, the result unit of TAS, mmol Trolox
equiv./L, was changed to umol Trolox equiv./L, and
the OSI value was calculated as follows:
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OSl (arbitrary unit (AU)) = TOS, umol H,0,
Equiv./L / (TAS, umol Trolox Equiv./L / 100).

WBC count was performed at hematology analyz-
er Nihon Kohden MEK-7300K (Tokyo, Japan). In or-
der to ensure adequate storage of urine for micro-
biological examination health care personnel used
Dip-Slide, Liofilchem (Roseto degli Abruzzi, Italy).

Statistical analysis

Statistical analysis was done with MedCalc for Win-
dows Version 9.6.3. (Mariakerke, Belgium) statisti-
cal software. The distributions of variables were
checked for normality by Shapiro-Wilk test. Differ-
ences between subjects at the time of admission
to the hospital and at the time of hospital dis-
charge (two measurement points) were analysed
by paired Student-t-test for normally distributed
variables and by Wilcoxon signed-rank test for
skewed distribution. Mann-Whitney U test was
used to assess the changes of examined parame-
ters according to duration of inflammation and AKI
presence. Data are shown as mean * standard de-
viation for normally distributed continuous varia-
bles and as relative of absolute frequencies for cat-
egorical variables. Variables with skewed distribu-
tion were expressed as median value and inter-
quartile range. All tests were considered significant
at P <0.05.

Results

Baseline characteristics of the study population
are presented in Table 1. As it might have been
presumed, the cause of UTIl in most cases was Es-
cherichia coli (88%, 44 cases). The average length
of the hospital stay was 5 days.

Oxidative status and inflammatory parameters of
subjects at the time of admission to the hospital
and at the time of hospital discharge are listed in
Table 2. From oxidative status parameters only the
OSl values were significantly lower at the time of
hospital discharge than the corresponding values
at the time of admission to the hospital (P = 0.026).
In addition, the CRP concentrations were signifi-
cantly lower at the time of hospital discharge than
the corresponding values at the time of admission
to the hospital (P < 0.001).

http://dx.doi.org/10.11613/BM.2014.029

TasLe 1. Demographic and biochemical characteristics in the
study population.

Parameter AI:':L;b;zn):ts
Age (months)* 6.0 (3.0-8.3)
Gender, male (N) 28
BMI (kg/m?) Nn7+43
Fever (°C) 39.2+0.7
Duration of fever (days) 3+2
Duration of hospital care (days)* 5(4-7)
GFR (mL/min/m?) 49.2+13.3
Creatinine (umol/L) 579+ 14.0
Urea (mmol/L)* 2.3(1.9-3.9)
WBC (x 10°/L) 176 £59
Urine Culture (N)
Escherichia coli 44
Klebsiella
Proteus
other 1
Therapy (N)
Longaceph (ceftriaxone) 19
Amikacin 18
combination 13

Data are means + SD, *data are medians (inter-quartile range)
for variables with skewed distribution

BMI - Body mass index; GFR - glomerular filtration rate; WBC -
white blood cells.

TaBLE 2. Oxidative status and inflammation parameters of 50
subjects at the time of admission to the hospital and at the time
of hospital discharge.

Hospital Hospital P
admission discharge

TAS 0.96 £0.39 0.99 £0.40 0.3822
(mmol/L)
TOS b

2495 (18.13-35.58) 24.96 (18.61-34.92) 0.254
(umol/L)
osl b
(AU) 0.035 (0.024-0.048) 0.029 (0.016-0.039) 0.026
CRP 76.0 (36.5-149.5) 13.0 (8.0-23.8) <0.001P
(mg/L) . . . .0 (8.0-23. X

Data are means + SD for normally distributed variables or
medians (inter-quartile range) for variables with skewed
distribution.

apaired Student’s t-test; ®"Wilcoxon signed-rank test.

TAS - total antioxidant status; TOS - total oxidant status; OSI -
oxidative stress index; CRP - C-reactive protein.
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TasLE 3. Differences in baseline values of oxidative status pa-
rameter according to duration of inflammation (expressed in
relation to the concentration of CRP).

Shorter duration Longer duration

of inflammation of inflammation P
(N=17) (N=33)
TAS 0.57 +0.37 0.99+0.40 0.0172
(mmol/L)
TOS b
20.86 (17.43-49.45)  27.71 (16.94-35.75) 0.978
(umol/L)
(o] b
(AU) 0.041 (0.029-0.053) 0.032 (0.018-0.042) 0.037

Data are means + SD or medians (inter-quartile range) for
variables with skewed distribution.

aStudent’s t-test; PMann-Whitney test.

Shorter duration of inflammation - CRP concentration less
than 10 mg/L at the time of hospital discharge; longer
duration of inflammation - CRP level higher than 10 mg/L at
the time of hospital discharge.

TAS - total antioxidant status; TOS - total oxidant status; OSI -
oxidative stress index.

We used Mann-Whitney analysis in order to deter-
mine whether basal values of oxidative status pa-
rameters were changed according to duration of
inflammation (expressed in relation to the concen-
tration of CRP). TAS values were significantly high-
er in the subjects with longer duration of inflam-
mation than in the subjects with shorter duration
of inflammation (0.99 vs. 0.58 mmol/L, P = 0.017).
Consequently, OSI values were significantly lower
in the group with longer duration of inflammation
than in the group with shorter duration of inflam-
mation (0.032 vs. 0.041 AU, P = 0.037), Table 3.

Furthermore, we analysed differences in basal val-
ues of oxidative status parameters according to
AKI development. Obtained results are presented
in Table 4. We did not find significant difference in
basal values of oxidative status parameters be-
tween groups with and without AKI.

Discussion

This study analyses the behaviour of oxidative sta-
tus parameters in children taking into account the
duration of the inflammation and the risk for AKI
development during UTI. To our knowledge, there
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TABLE 4. Baseline values of TAS, TOS and OSl in children divided
in two groups according to AKI development.

Without AKI With AKI p
(N=27) (N=23)

TAS 0.84+£0.46 0.97 £0.44 0.4592
(mmol/L)
TOS b

25.59 (18.89-36.83) 23.57 (17.34-34.90) 0.804
(umol/L)
(o] b
(AU) 0.034 (0.025-0.051) 0.035(0.016-0.044) 0.488

Data are means + SD or medians (inter-quartile range) for
variables with skewed distribution.

aStudent’s t-test; PMann-Whitney test.

TAS - total antioxidant status; TOS - total oxidant status; OSI -
oxidative stress index; AKI - acute kidney injury.

are no published reports on serum oxidative stress
parameters such as TAS, TOS and OSI in children
with UTI. We have shown that the parameters TAS
and OSI changed with the duration of inflamma-
tion, while only OSI reflected changing in the oxi-
dative-antioxidant balance at discharge from the
hospital. However, none of examined parameters
were changed according to acute changes in kid-
ney function.

As we can see from the two measurement points
(at the time of admission to the hospital and at the
time of hospital discharge), the TAS values were in-
creased, while the TOS values were decreased in
children upon discharge from the hospital, but this
difference was not significant. However, when de-
termining OSI, changes in both parameters TAS
and TOS become evident. This is one more proof
that in some pathological conditions use of an in-
dex that combines factors with different effects
(for example apoB/apoA index, LDL/HDL index,
etc.) may provide more advantages when assess-
ing a disease.

Since the inflammation accompanies infections, at
first we wanted to examine the parameters of oxi-
dative stress, depending on the duration of inflam-
mation. Condition of prolonged inflammation dur-
ing UTI can lead to development of fibrosis and
renal scar formation (8). Baseline values of TAS
were higher in patients with longer duration of in-
flammation, which was confirmed by measuring
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the inflammatory marker CRP at the time of hospi-
tal discharge. A possible reason for this may be
that although the serum contains different antioxi-
dant molecules, proteins constitute the main anti-
oxidant component of the serum. Free sulfhydryl
groups of proteins are responsible mainly for their
antioxidative effects. It was calculated that total
protein contributes 52.9% to the measured serum
TAS in healthy subjects (9). On the other hand, it is
a well-known that the inflammatory response oc-
curs with alterations in the expression of acute
phase proteins, cytokines. Accordingly, higher val-
ues of TAS in conditions of prolonged inflamma-
tion are not surprising.

Furthermore, we observed if there was a change in
the oxidative status parameters regarding the kid-
ney injury. However, we have not proven that the
oxidative status parameters were changed signifi-
cantly in children with AKI as compared to children
without AKI. A previous study in adult patients
with chronic kidney disease, that measured certain
parameters of plasma (TAS, creatinine, urea, uric
acid) before and after dialysis, showed that de-
creasing TAS after dialysis mainly corresponded to
diminution of low-molecular weight substances
creatinine, urea and uric acid (15). A significant de-
crease in TAS values after dialysis was also deter-
mined in paediatric patients during hemodialysis
(16). In our study, TAS did not reflect changes in
concentration of antioxidant substances suscepti-
ble to renal function.

Also, it is necessary to consider that many pharma-
cological experimental studies have investigated
the impact of radical scavengers and antioxidant
vitamins (17-19), anti-inflammatory drugs (20), es-
pecially cyclooxygenase inhibitors (21), and combi-
nations of these agents (17), in addition to conven-
tional antibiotic treatment protocols, on renal scar-
ing (22). Additional studies should be performed
to examine the potential significance of TAS, TOS
and OSI as parameters for the selection of patients
who would be candidates for the application of
additional therapy to antibiotics for the prevention
of eventual complications during UTI. Previous
study in children with primary nephrotic syndrome
showed that TAS values could predict the response
to corticosteroids at the time of diagnosis, while
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TAS values after weaning of corticosteroids could
predict whether the patients would relapse or not
(23).

In order to evaluate oxidative stress during UTI in
paediatric patients, we measured parameters TOS
and TAS easily and inexpensively with Erel’s meth-
od, and calculated OSI by applying mathematical
operations division. We hope that after a detailed
examination, parameters TOS, TAS and OSI would
be included in the spectrum analysis of routine bi-
ochemical laboratory, and that their use will en-
hance the work of paediatricians.

The limitations of our study are a small study pop-
ulation and the absence of data controls. However,
because of the design of the study, formation of a
control group was not necessary. Unfortunately
only indirect measures of renal parenchymal in-
flammation were assessed, as opposed to more di-
rect assessment with upper urinary tract imaging
studies such as scintigraphy which has been shown
to be very accurate in the assessment of renal pa-
renchymal inflammatory damage when compared
directly to histopathology. Association between
the oxidative status parameters and the more di-
rect assessment of renal inflammation and subse-
quent scarring would have strengthened the find-
ings of this study. Future studies should include
direct imaging of acute inflammation, higher
number of subjects, while the data of the control
group will enable the definition of reference rang-
es for these parameters.

Conclusions

Our study demonstrated that OSI values could de-
tect the simultaneous change of TAS and TOS due
to change in the oxidative-antioxidant balance
during the recovery of children with UTI. Parame-
ters TAS and OSI changed with the duration of in-
flammation. In this way, our research confirmed
that TAS and OSI could exhibit different trend val-
ues in relation to pathology to be tested, and
pointed at the need for further investigations to
ensure their adequate clinical applications and in-
terpretation. We can conclude that TAS and OSI as
a markers of oxidative stress during UTI are sensi-
tive to accompanying inflammatory condition.
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However, none of examined parameters were sen-
sitive to acute changes in kidney function. Further
investigations are needed to evaluate whether
TAS, TOS and OSI could be used to monitor disease
severity in children with UTI.

References

1.

10.

11.

12.

13.

Ozbek E. Induction of Oxidative Stress in Kidney. Int J Nep-
hrol 2012;2012:465897. http://dx.doi.org/10.1155/2012/
465897.

Kurutas EB, Ciragil P, Gul M, Kilinc M. The Effects of Oxidati-
ve Stress in Urinary Tract Infection. Mediators of Inflamma-
tion 2005;4:242-4. http.//dx.doi.org/10.1155/MI1.2005.242.
Andreoli SP. Reactive oxygen molecules, oxidant injury and
renal disease. Pediatr Nephrol 1991,5:733-42. http://dx.doi.
org/10.1007/BF00857888.

Sener G, Tugtepe H, Velioglu-Ogunc A, Cetinel S, Gedik N,
Yegen BC. Melatonin prevents neutrophil-mediated oxi-
dative injury in Escherichia coli-induced pyelonephritis in
rats. J Pineal Res 2006;41:220-7. http://dx.doi.org/10.1111/
j.1600-079X.2006.00357 .x.

Baud L, Nivez MP, Chansel D, Ardaillou R. Stimulation by
oxygen radicals of prostaglandin production by rat re-
nal glomeruli. Kidney Int 1981;20:34-42. http://dx.doi.
0rg/10.1038/ki.1981.143.

Shihamura T. Mechanisms of renal tissue destruction
in an experimental acute pyelonephritis. Exp Mol Pat-
hol 1981,34:34-42. http://dx.doi.org/10.1016/0014-4800-
(81)90033-2.

Monga M, Roberts JA. The possible role of granulocyte
elastase in renal damage from acute pyelonephritis. Pe-
diatr Nephrol 1995;9:583-6. http://dx.doi.org/10.1007/
BF00860942.

Andersson L, Preda |, Hahn-Zoric M, Hanson LA, Jodal U,
Sixt R, et al. Urinary proteins in children with urinary tract
infection. Pediatr Nephrol 2009;24:1533-8. http://dx.doi.
0rg/10.1007/500467-009-1173-2.

Erel O. A novel automated direct measurement method for
total antioxidant capacity using a new generation, more
stable ABTS radical cation. Clin Biochem 2004,37:277-85.
http://dx.doi.org/10.1016/j.clinbiochem.2003.11.015.

Erel O. A new automated colorimetric method for measu-
ring total oxidant status. Clin Biochem 2005;38:1103-11.
http://dx.doi.org/10.1016/j.clinbiochem.2005.08.008.
Schwartz GJ, Munoz A, Schneider MF, Mak RH, Kaskel F, Wa-
rady BA, Furth SL. New equations to estimate GFR in chil-
dren with CKD. J Am Soc Nephrol 2009;20:629-37. http.//
dx.doi.org/10.1681/ASN.2008030287.

Langlois V. Laboratory evaluation at different ages. In: Ge-
ary DF, Schaefer F, eds. Comprehensive Pediatric Nephrolo-
gy. Amsterdam: Mosby Elsevier; 2006. p. 42-3.

Pearson TA, Mensah GA, Alexander RW, Anderson JL, Ca-
nnon RO 3rd, Criqui M, et al. Markers of inflammation and

Biochemia Medica 2014,24(2):266-72

Acknowledgement

This study was financially supported by grant from
the Ministry of Education, Science and Technologi-
cal Development Republic of Serbia (Project Num-
bers 175035 and 175079).

Potential conflict of interest

None declared.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

cardiovascular disease: application to clinical and public
health practice: a statement for healthcare professionals
from the Centers for Disease Control and Prevention and the
American Heart Association. Circulation 2003;107:499-511.
http://dx.doi.org/10.1161/01.CIR.0000052939.59093.45.
Aycicek A, Erel O, Kocyigit A. Decreased total antioxidant
capacity and increased oxidative stress in passive smoker
infants and their mothers. Pediatr Int 2005;47:635-9. http.//
dx.doi.org/10.1111/}.1442-200x.2005.02137 .x.

Psotovd J, Zahdlkovd J, Hrbd¢ J, Simdnek V, Bartek J. De-
termination of TAC in plasma by cyclic voltammetry.Two
case reports. Biomed Papers 2001,;145:81-3. http://dx.doi.
0rg/10.5507/bp.2001.019.

Hamed E, El-Abaseri T, Mohamed A, Ahmed A, El-Metwally
T. Hypoxia and oxidative stress markers in pediatric pati-
ents undergoing hemodialysis: cross section study. BMC
Nephrology 2012;13:136. http://dx.doi.org/10.1186/1471-
2369-13-136.

Bennett RT, Mazzaccaro RJ, Chopra N, Melman A, Franco |.
Suppression of renal inflammation with vitamins A and E
in ascending pyelonephritis in rats. J Urol 1991;161:1681-4.
http://dx.doi.org/10.1016/50022-5347(05)69004-0.
Kavukgu S, Soylu A, Tiirkmen M, Sarioglu S, Bliylikgebiz B,
Glire A. The role of vitamin A in preventing renal scarring
secondary to pyelonephritis. BJU Int 1999;83:1055-9. http://
dx.doi.org/10.1046/].1464-410x.1999.00063.x.

Gupta R, Verma I, Sharma S, Ganguly NK. Prevention of ti-
ssue injury in an ascending mouse model of chronic pye-
lonephritis—role of free radical scavengers. Comp Im-
munol Microbiol Infect Dis 2004,27:225-34. http://dx.doi.
0rg/10.1016/50147-9571(03)00011-0.

Huang A, Palmer LS, Hom D, Anderson AE, Kushner L, Fran-
co I. Ibuprofen combined with antibiotics suppresses re-
nal scarring due to ascending pyelonephritisin rats. J Urol
1999;162:1396-8.  http://dx.doi.org/10.1016/50022-5347-
(05)68319-X.

Kucuk HF, Bingul SM, Kurt N, Kaptanoglu L, Akyol H, Torlak
OA, Colak E. Effect of a selective cyclooxygenase 2 inhibitor
on renal scarring. Eur Surg Res 2006;38:451-7. http://dx.doi.
0rg/10.1159/000095088.

Poli G, Parola M. Oxidative damage and fibrogene-
sis. Free Radic Biol Med 1997;22:287-305. http://dx.doi.
0rg/10.1016/50891-5849(96)00327-9.

Bakr A, Hassan SA, Shoker M, Zaki M, Hassan R. Oxidant
stress in primary nephrotic syndrome: does it modulate the
response to corticosteroids? Pediatr Nephrol 2009;24:2375-
80. http://dx.doi.org/10.1007/500467-009-1246-2.

http://dx.doi.org/10.11613/BM.2014.029

272



