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Oxidative stress plays a major role in the development of metabolic renal diseases in children. We established the
pediatric renal microlithiasis course in the setting of disorders of lipid peroxidation. 176 children aged 1 to 18 years were examined
who were diagnosed with renal microlithiasis and were out-patients and in-patients in the Regional Children Counselling
Outpatient Clinic and Nephrology Department of the Public Nonprofit Enterprise “Ivano-Frankivsk Regional Children's Clinical
Hospital of Ivano-Frankivsk Oblast Council” during the period of 2016 till 2019. Most commonly, in children the diagnosis of
oxaluria (34.1 %) and oxalate-calcium nephropathy (30.1 %) was verified. Based on gender, girls prevail over boys (75.0 % and
25.0 %, p<0.05). It is established that pediatric renal microlithiasis occurs more commonly at the age of 13—17 years. The increase
of primary lipid peroxidation product activity (diene conjugates) in the blood of sick children is evidence of activation of free
radical processes in renal microlithiasis. The average rate of nitrites is significantly lower in children aged 13—17 years with
phosphaturia (37.11 and 41.30 umol/L, p <0.01). In elder children this index does not change compared to norm.
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OCOBJUBOCTI NEPEBITY MIKPOHE®PO.IITIA3Y TA OKCUJAHTHOI'O CTPECY
Y JITEA

OKCHEaHTHHUH CTpec Biirpae MpoBigHY poJb y reHe3l 0OMIHHOI ImaTojorii HUPOK y AWTSYOMy Bimi. Mera poboru:
npociautu nepebir mikpoHedpoitiazy y AiTel, Ha TIIi HOpyIIeHb Jinonepokcuaamii. O6crexeno 176 miteii, Bikom Big 1 mo 18
pokiB, i3 MikpoHedpoJiTiazom, siki mepeOyBaan Ha amMOyJaTOPHOMY Ta CTAaliOHAPHOMY JKyBaHHI B OOJacHIM AUTSYil
KOHCYJIbTaTHBHIH nounikmiHiui Ta Hepponoriunomy Bimainerni KHIT «IBano-®pankiBeska OJKII IO OP» m.IBano-DpankiBebka,
BrponoBx 2016-2019-ro pokis. Haifuacrime y niteit BepudikoBano niarno3 oxcanatypii (34,1 %) Ta okcanaTHO-KaJIbLi€BOT
Hedpomnarii (30,1 %). 3a crarTio niByaTka nepeBakaioTh xyonuukiB (75,0 % i 25,0 %, p<0,05). Bceranoneno, mo yacrime
MiKkpoHedpoiTia3 TpamsieTsbes y Bini 13—17 pokis. [TinqBHIEHHS aKTUBHOCTI IEPBUHHUX NPOJYKTIB JIITONEPOKCHIALIT (IiEHOBUX
KOH'IOTaT) B KPOBI XBOPHUX JITEH CBIIUUTH PO aKTHBALIIO BUIBHOpAIUKAIGHUX MPOLEciB IpH MikpoHedpoiitiasi. HalicyTresimre
1l TOKA3HUKHY 3pOCTAJH IIPH YpaTypii, B MEHIIIH Mipi - pu okcarypii. HatomicTs, 3HmkeHHs piBHs BropuHHNX (TBK-akTHBHEX)
MIPOJIYKTIB IIEPEKICHOTO OKMCIICHHS JIIi[IB CBITYMTH PO A0Ci epeKTHBHY poOOTY aHTHOKCHAAHTHOTO 3aXHCTY B JIITEH MIKITLHOTO
BiKy, XBOpUX Ha MikpoHedpoditias. CepeqHiil piBeHb HITPUTY € 3HAYHO HIKYMM Yy fiteit Bikom 13—17 pokiB i3 ¢ocdarypieto
(37,11 Ta 41,30 mxmonb/1, p<0,01). V crapiinx aiTeil Lei MOKa3HUK HE 3MIHIOETHCSI TOPIBHIHO 3 HOPMOIO.

KurouoBi ciioBa: kniniunuii nepe6ir, 1iTH, MikpoHedpoJiTia3, HUPKOBI KaMeHi, OKCHIAHTHHUI CTpec, AiarHOCTHKA.

The study is a fragment of the research project “Health state and features of adaptation in children in the Prykarpattya
region with somatic disease, and its prevention”, state registration No. 0121U111129.

As it is known, pediatric renal microlithiasis (dysmetabolic nephropathies, microurolithiasis,
kidney calculi) belong to the group of diseases or, in keeping with other authors, premorbid conditions that
are characterized by disorders of major metabolism types at all levels from the cellular to systemic one [4,
10, 15]. Incidence of this pathological condition within kidney morbidity during the last decades reached
the level of 27—60 % of cases and does not show any tendency to decline [2, 4, 12]. Literature analysis of
the last years is evident of the leading role of oxidative stress in the origin and progression of the
micronephrolithiasis course in children [1, 8, 9]. Particular scientists indicate that staghorn calculi in
nephrolithiasis can lead to profound shift of free radical balance [2, 6, 9]. Other scientists claim that the
most significant disorders of metabolic homeostasis occur in patients with oxalate urolithiasis [1, 9]. This
involves an elevation of malondialdehyde (MDA) and glutathione S-transferase in the setting of a decrease
of catalase, superoxide dismutase and glutathione reductase profiles; also, this refers to general reduction
of glutathione in all biological substrates in micronephrolithiasis. These changes are associated, on the
other hand, with high content of oxalate and low level of citrate in the urine in patients with metabolic
kidney disease [1, 2, 6]. Aside from this, searching for scientific papers on this topic at electronic resources
of Cochrane library, PubMed, Embase and CENTRAL databases, resulted in only single reports on this
issue [see References].

The purpose of the study was to assess micronephrolithiasis course features in children in the
setting of oxidative stress.
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Materials and methods. There were examined 176 children from 1 to 18 years old with
micronephrolithiasis who were tested and treated in the Public Nonprofit Enterprise “Ivano-Frankivsk
Regional Children's Clinical Hospital of Ivano-Frankivsk Oblast Council” during the period 2016-2019.
Principal diagnosis was made based on modern guidelines [14] for diagnosis and treatment (e.g., Protocol
of treatment of children with urinary tract infection and tubulointerstitial nephritis” No. 365 as of
20/07/2005), Medical management of kidney stones, guideline, approved by American Urology
Association (2014) and criteria by D.D. Ivanova and O.M. Korzh.

According to the latter, to confirm the diagnosis of micronephrolithiasis (dysmetabolic
nephropathy, kidney calculi), it is enough to assess crystal excess of different origin in the urine, verify
positive echo-inclusions in the collecting system revealed at the kidney ultrasonography and also, establish
the presence of isolated urinary syndrome in the sick child.

In accordance with the type of dysmetabolic nephropathy, distribution of patients in groups was
conducted as follows: 1 — children with oxaluria (n=60, 34.1 %), 2 —patients with oxalate-calcium
nephropathy, (n=53, 30.1 %); 3 — children with phosphate nephropathy, (n=33, 19.0 %), 4 — patients with
uraturia (n=30, 17.0 %).

In case of oxalate nephropathy, urine pH is neutral (pH 5.0-7.0), there is an increase of oxalate
level in 24-hour urinalysis above 1 mg/kg/day, calcium level above 4 mg/kg/day and above 2.68
mmol/L in the serum of blood. The greater number of urates in the urine was diagnosed in case of
decrease of pH by more than 5.0, blood urea above 0.3 mmol/L and above 4.0 mmol/L/day in the urine.
Phosphate nephropathy was confirmed in cases of pH elevation above 7.0 in the 24-hour urinalysis,
phosphate level increase in the blood serum by more than 1.78 mmol/L and above 33 mmol/L/day in
the urine.

Evaluation of general nitrite in the blood serum was conducted using a kit for measurement of
general nitric oxide No. 110 DE1500, manufacturer RDS (UK), England. Reference value of general blood
nitrite is 42.9+£3.9 umol/L.

Level of diene conjugates (DC) in blood plasma was evaluated using a method offered by
V.B. Havrylov, A.R. Havrylova and Y.F. Khmara (2020). Assessment of TBA-active products of lipid
peroxidation was made after E.N. Korobeinikova method (1989) using test with thiobarbituric acid. Its
normal level in the blood serum is 3.55-3.85 pmol/L.

State of antioxidant system was assessed based on its enzyme chain — ceruloplasmin and catalase.
Ceruloplasmin activity in the blood plasma was evaluated using N. Ravin method modified by
H.O. Babenko (1999). Therewith, the norm is equal to 21 —31 AU.

Catalase level evaluation in the whole blood was conducted using A.N. Bakh and S.A. Zubkova
method (1997). Reference values of catalase in the blood of a healthy person are 9.52—-12.52 mg/mL.
Statistical result processing was conducted using a program package Statistics for Windows version 6.0
(Stat Soft inc., USA).

During the period of the research study there was an informed consent of a mother obtained for her
child to participate in the study, the main principles of Declaration of Helsinki were followed (1975, with
its further amendments in 2000). During the period of the research no biological experiments with
involvement of vertebrates were conducted.

Results of the study and their discussion. As a result of our observation, greater number of
children with pediatric microlithiasis were treated as out-patients and more seldom as in-patients (65.0 %
135.0 %, p<0.05).

Among the criteria for admission can be distinguished the following: acute renal colic, haematuria
and/or resistant proteinuria, acetonemic or intoxication syndrome, non-diabetic ketoacidosis, principal
disease in the setting of which micronephrolithiasis occurred (diabetes mellitus, arterial hypertension,
obesity of different origin, etc.).

Criteria of non-inclusion (withdrawal criteria) comprised: 1) malformations, autoimmune,
hereditary and congenital kidney disease that were confirmed by all diagnostic methods; 2) acute and
chronic renal insufficiency regardless of the stage; 3) chronic kidney disease; 4) concomitant and/or
underlying decompensated disease; 5) parental and/or child's refusal to participate in the study including
not signing an informed consent; 6) mental and neurological disorders in patients with kidney disease;
7) acute and chronic infectious diseases.

By the moment of admission, mean duration of disease was 3.64+1.3 years in all age groups with
renal microlithiasis without any exception. More often, there were representatives of younger and older
pubertal age (30.27 and 37.39 %, p>0.05). Mean age of the examined children with renal microlithiasis
was 11.2+5.4 years.
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Distribution of the underlying disease, with several co-existing conditions simultaneously, in
patients with renal microlithiasis looked like the following (fig. 1):

As we can see from
the given data in fig. 1, the
most common underlying
disease in children with
oxaluria and  oxalate-
calcium nephropathy is
biliary dysfunction and
urinary tract infections. In
children with phosphaturia,
among the concomitant
disease, alimentary obesity
is diagnosed more often.

It is worth pointing out
Children with oxaluria,  Children with oxalate- Children with Children with uraturia, that a number of aspects of

e elcum neplropstiy, - phosshauria, e e renal microlithiasis clinical
course  features  were
determined by the course of
the primary disease (fig. 2).

The obtained results demonstrate the prevalence of pain and intoxication syndromes in patients
with different types of dysmetabolic nephropathy. Generally, in patients with micronephrolithiasis
impaired posture (50.0 %), mitral valve prolapse (45.0 %), kyphosis (25.0 %) and multiple
dysembryogenic stigmas (25.0 %) were observed.

% of cases

T Biliary dysfunction = Urinary tract infection ~ Vulvovaginitis g8 1-2 degree obesity

Fig. 1. The most common underlying disease in children with renal microlithiasis, n=176.

Taking into account
that free radical oxidation
impairment is considered to
be an early and quite
universal non-specific
indicator of cell impairment
and is typical for many
pathological processes, we
studied lipid peroxidation
process state in  the
examined children with
micronephrolithiasis
depending on age and
crystalluria type.

The data  analysis
wofses obtained from 95 primary

Children with oxalate-calcium
nephropathy, n=53

Children with phosphaturia, n=33

Children with uraturia, n=30

# Pain syndrome X Intoxication syndrome 1 Hyperthermia syndrome SChOOl—aged children Wlth
Fig. 2. Micronephrolithiasis clinical course features in children of different age associated renal microlithiasis indicates
with oxidative stress, n=176. elevation of DC level.

Herewith, the most significantly, these parameters were increasing with uraturia and to lesser extent
with oxaluria. Thus, the median level of diene conjugates in 20 patients with uraturia was 3.06+0.7 AU/mL
compared to norm 1.45+0.7 AU/mL (p<0.05), in children with oxaluria (n=26) the median level of diene
conjugates was 2.65+0.6 AU/mL (p<0.05). In 26 patients with oxalate-calcium nephropathy level of diene
conjugates was 3.01=0.7 AU/mL (p<0.05).

The least change of these parameters compared to norm was observed in phosphaturia (2.00+0.6
AU/mL, (p<0.05).

In subjects from the control group the parameter level was within the reference values (1.45+0.7
AU/mL).

With regard to TBA-active products of lipid peroxidation we found its statistically significant
decrease in patients with all types of renal microlithiasis. Patients with phosphaturia showed the level of
TBA active products of 3.32+0.13 pmol/L (reference value 3.69+0.14 umol/L, p<0.05). In patients with
uraturia more significant decrease was observed: TBA active products were at the level of 3.20+0.12
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umol/L (p<0.05). In patients with oxaluria its level was 2.68+0.13 umol/L (p<0.05). The lowest level was
in patients with oxalate-calcium nephropathy of 2.13+0.11 (p<0.05).

In the group of adolescent patients there were more significant changes from the side of lipid
peroxidation processes and proteins, accumulation of TBA-active products that results in endogenous
intoxication development (table 1).

Table 1
Parameters of lipid peroxidation in children of senior school age with micronephrolithiasis, n=81
Patients, Parameter of lipid peroxidation

absolute number, % D232/0,1 mL of plasma, AU/mL Norm, AU/mL | TBA-active products, pmol/L | Norm, pmol/L
Patients with oxaluria, n=34 6.05+£0.6" 1.45+0.7 2.02+0.13* 3.69+0.14
(42%) p<0.05 p<0.05
Patients with oxalate-calcium 5.01+0.6™ 1.45+0.7 4.014+0.13%* 3.69+0.14
nephropathy, n=27 (33%) p<0.05 p<0.05
Patients with phosphaturia, 2.60+£0.11""" 1.45+0.7 3.02:+£0.12%** 3.69+0.14
n=10 (12.5%) p<0.05 p<0.05
Patients with uraturia, n=10 4.25+0.77" 1.45+0.7 2.3540. 7% 3.69+0.14
(12.5%) p<0.05 p<0.05

Note. *Statistical significance of differences between the parameters of diene conjugates and malonyldialdehyde in children
with oxaluria and control data, ** Statistical significance of differences between the parameters of diene conjugates and malonyldialdehyde
in children with oxalate-calcium nephropathy and control data, *** Statistical significance of differences between the parameters of diene
conjugates and malonyldialdehyde in children with phosphaturia and control data, **** Statistical significance of differences between the
parameters of diene conjugates and malonyldialdehyde in children with uraturia and control data

As indicated by the obtained data, parameters of lipid peroxidation were changing significantly with
oxaluria, while with other types of pediatric renal microlithiasis common was only limited activation of these
processes. Through the course of the research blood catalase level was assessed in children suffering from
kidney calculi in comparison with its blood concentration in virtually healthy children (table 2).

Table 2
Parameters of an antioxidant system in patients with renal microlithiasis
Meanv;;elllrlaemeter Healthy Children with renal microlithiasis (n=176)
Age Sggg((:)t)s Patients with Patients with oxalate- Patients with Patients with
oxaluria, n=60 | calcium nephropathy, n=53 phosphaturia, n=33 uraturia, n=30
61012 21.00£0.02* | 29.54+0.01 30.11£0.02 p<0.05%*** 23.20+0.02 30.65+
Cerulo p<0.05%* p>0.05%*%* 0.01
plasmin, relative years p<0.Q5*****
units 10to 12 | 26.65£0.01* | 30.45+0.02 31.05+0.01 27.70+0.01 32.50+0.01
years p<005** p<001*** p>005**** p<005*****
13t0 17 | 29.45+£0.01* | 40.39 +0.02 26.11£0.01 28.45+0.01 38.41+0.02
years p<0.05%* p<0.01**** p>0.05%*** p<0.05
Catalase, mg/mL 10to 12 | 11.71£0.02* | 13.6140.01 12.85+0.01 12.00+0.03 12.91£0.01
years p<005** seskeok p<001 sfesfesk sk p>005 sfesiekoskok p<005
13to 17 | 11.12+0.01 14.76+0.02 11.2240.02 13.2040.03 p<0.05 13.03+0.02
years p<0.05** p<0.01 p<0.05

Note: *Data from the conducted research, **Statistical significance of differences between the parameters of ceruloplasmin,
catalase in healthy children and patients with oxaluria, *** Statistical significance of differences between the parameters of ceruloplasmin,
catalase in healthy children and patients with uraturia, **** Statistical significance of differences between the parameters of ceruloplasmin,
catalase in healthy children and patients with phosphate-calcium nephropathy, ***** Statistical significance of differences between the
parameters of ceruloplasmin, catalase in 10—12-year-old children with oxaluria and healthy children

In accordance with the obtained data, median ceruloplasmin activity in children with oxaluria and
uraturia was higher in adolescence, in particular in the age group of 13—17-year-old children. Also, median
catalase activity was changing towards an increase in particular in this age group.

Median nitrite level was the most significantly decreased in senior-school age children (13-17
years old) with oxaluria compared to healthy adolescents (30, 53 and 41.3 pumol/L, p<0.05) and its
maximum levels were registered in patients of this age group with phosphaturia (37.11 and 41.30 pumol/L,
p<0.01). In subjects of other age groups who were diagnosed with uraturia and oxalate-calcium
nephropathy respectively, total nitrite level did not differ from norm.

Despite the ambiguity of terminology, variable interpretation of approaches to the diagnosis and
treatment of the disease, interest in the study of micronephrolithiasis in childhood is steadily growing, as
evidenced by research in the recent years [1, 10, 11, 15].

Apart from this, there are ongoing studies of the oxidative stress role in the pathogenesis of
metabolic kidneys disease in childhood [1, 2, 8]. Their authors also discuss the use of antioxidants in the
complex therapy of metabolic and infectious kidney conditions in children and adults [3, 6, 7].
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At the same time, we have found a lack of domestic scientific literature due to this issue, and the
review of foreign data over the past decades is sometimes controversial thus requiring further study
[1,2,9,13,15].

Today, the most scientists agree on more significant oxidative stress in children with oxaluria and
oxalate-calcium nephropathy [1, 4, 9, 11]. It also has been described in our scientific work.

The prevalence of the mentioned types of metabolic nephropathy in children is age- and gender-
depended; it can be explained by the presence of increasing rate of comorbidities such as obesity, diabetes
mellitus, and hypertension, etc. [5, 7].

Although, certain scientists have found no significant differences in gender and age between
children with metabolic nephropathy, and insist on a genetic component in the pathogenesis of the
condition [4].

In many ways, our results are similar to observations of some researchers [1], who established a
certain dependence of the oxalate excretion levels on gender (it occurs mainly in females), as well as a
likely increase in aldehyde and ketone-derivatives of the main character (p<0.05) with moderate and high
excretion of oxalates.

More than that, we found an increased activity of the primary products of lipoperoxidation (diene
conjugates) in the blood of children with uraturia. The average nitrite level was significantly lower in
patients with phosphaturia. In teenagers, the last indicator did not change with age. The conclusions we’ve
made in scientific research also coincide with the opinion of other researchers: micronephrolithiasis in
childhood is accompanied by significant activity of lipoperoxidation processes.

Therefore, an increase of primary products of lipid peroxidation (DC) in blood is evident of free
radical process activation in children with micronephrolithiasis. Simultaneously, a reduction of TBA-active
substances together with an elevation of indices of the antioxidant system of the body are the evidence of
activation of adaptation mechanisms to compensate pathological changes induced by free oxygen radical
molecules in children with metabolic kidney disease.

1. Aib NR. Metabolichna nephropatiya v ditey: genderni osoblyvosti ekskretsiyi oksalativ, zvyazok iz vyrazhenistyu
oksydatyvnoho stresu i systemoyu antyoksydantnoho stresu i systemoyu antyoksydantnoho zakhystu. Zdorovya dytyny.
2019;14(4):229-35. DOI: 10.22141/2224-0551.14.4.2019.174036. [in Ukrainian]

2. Moroz OL. Rol oksydantnoho stresu v osib z urolitiazom yedynoyi nyrky za danymy systemy hlutationu. Zdorovye muzhchiny.
2015;53(2):134-7. [in Ukrainian]

3. Allameh Z, Salamzadeh J. Use of antioxidants in urinary tract infection. Journal of Research in Pharmacy Practice. 2016 Apr
1;5(2):79-85. DOI: 10.4103/2279-042X.179567.

4. Dissayabutra T, Kalpongkul N, Rattanaphan J, Boonla C, Srisa-Art M, Ungjaroenwathana W, et al. Urinary stone risk factors
in the descendants of patients with kidney stone disease. Pediatric Nephrology (Berlin, Germany). 2018 Jul 1;33(7):1173-81.
DOI: 10.1007/s00467-018-3927-1.

5. Fallahzadeh MA, Hassanzadeh J, Fallahzadeh MH. What do we know about pediatric renal microlithiasis? Journal of Renal
Injury Prevention. 2016 Nov 14;6(2):70-5. DOI: 10.15171/jrip.2017.13.

6. Fishman AI, Green D, Lynch A, Choudhury M, Eshghi M, Konno S. Preventive Effect of Specific Antioxidant on
Oxidative Renal Cell Injury Associated with Renal Crystal Formation. Urology. 2013 Aug;82(2):489.e1-8.
DOI: 10.1016/j.urology.2013.03.065.

7. Kyrian OA, Derkach IA, Dorofeyev AE, Rudenko MM. Changes in the intestinal microbiota in patients with ulcerative colitis
and irritable bowel syndrome combined with urolithiasis. World of Medicine and Biology. 2021;3(77):77-81.
DOI:10.26724/2079-8334-2021-3-77-77-81.

8. LiuN, Xu H, Sun Q, Yu X, Chen W, Wei H, et al. The Role of Oxidative Stress in Hyperuricemia and Xanthine Oxidoreductase
(XOR) Inhibitors. Tocchetti CG, editor. Oxidative Medicine and Cellular Longevity. 2021 Mar 26;2021:1-15. DOI:
10.1155/2021/1470380.

9. Ma MC, Chen YS, Huang HS. Erythrocyte oxidative stress in patients with calcium oxalate stones correlates with stone size and
renal tubular damage. Urology. 2014 Feb;83(2):510.e9—17. DOI: 10.1016/j.urology.2013.09.050.

10. Penido MGMG, Alon US. Infantile urolithiasis. Pediatr Nephrol. 2021 May;36(5):1037-1040. DOI: 10.1007/s00467-020-
04888-7.

11. Reusz GS, Hosszu A, Kis E. Evaluation of a child with suspected nephrolithiasis. Current Opinion in Pediatrics. 2020
Apr;32(2):265-72. DOI: 10.1097/mop.0000000000000880.

12. Soleimani G, Sadeghi Bojd S, Teimouri A, Shafighi Shahri E, Karbasy Dehujy E. Evaluation of Urinary Tract Infection in
Children with Gastroenteritis. Journal of Comprehensive Pediatrics. 2016. DOI: 10.17795/compreped-31866.

13. Tasian GE, Jemielita T, Goldfarb DS, Copelovitch L, Gerber JS, Wu Q, et al. Oral Antibiotic Exposure and Kidney Stone
Disease. Journal of the American Society of Nephrology: JASN. 2018 Jun 1;29(6):1731-40. DOI: 10.1681/ASN.2017111213.
14. Tirk C, Petiik A, Sarica K, Seitz C, Skolarikos A, Straub M, et al. EAU Guidelines on Diagnosis and Conservative
Management of Urolithiasis. European Urology. 2016 Mar;69(3):468-74. DOI: 10.1016/j.eururo.2015.07.040.

15. Untan I, Untan S, Tosun H, Demirci D. Metabolic risk factors and the role of prophylaxis in pediatric urolithiasis. Journal of
Pediatric Urology. 2021 Apr;17(2):215.e1-6. DOI: 10.1016/j.jpurol.2020.12.003.

Crarrs Hagiinuia 30.08.2021 p.:
98



