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Some features of water-salt metabolism of kidneys of children
and their effects on the urinary system

In the review article the basic structures and peculiarities of water and salt metabolism of kidneys, the normal
development of the growing organism, the impact of the environment and habitat as well as the effect of the
physical and chemical composition of daily drinking water. Kidneys ensuring the release of up to 80 % of
water-soluble products formed in the process of metabolism and exogenous substances, are involved in
regulating the stability of the concentration of osmotically active substances (osmoregulation), the volume of
body fluids (volumetric regulation), the concentration of individual ions (ion regulation) and acid-base
equilibrium, being thus the main homeostatic organ. Along with this, the metabolic role of kidneys is shown
in the metabolism of proteins, fats and carbohydrates, as well as their importance in the synthesis of
biologically active substances and hormones affecting erythropoiesis, blood pressure regulation, calcium
metabolism, etc. Only one kidney function will be discussed — its participation in the regulation of water-salt
homeostasis in children of different ages. There are many factors that prevent this complicated process from
developing normally in young children, particularly in hygienic and sanitary levels. In this regard, currently
the infectious diseases of the urogenital system are especially prevalent in young children.

Keywords: volumetric regulation, osmoregulation, ion regulation, metabolism, homeostasis, kidneys, water-
salt metabolism, protein, carbohydrates, lipids, urinary tract infection (UTI).

Human body, along with organic substances (proteins, carbohydrates, lipids) contains inorganic sub-
stances — water and nutrients that are not sources of energy, but their role for the life of the body is quite
important. The concepts of water-salt and mineral metabolism are ambiguous. As known, 65 % of the human
body consists of water, and even a small loss of water leads to serious health problems. Hygienic water
inventory is not limited to its physiological role. A large amount of water is necessary for sanitary and
household purposes. Water can play a hygienic role only if it has the necessary qualities that are
characterized by its organoleptic properties, chemical composition and nature of the microflora. Now tap
water contains chemical, organic and other compounds and cannot be considered drinking without prior
purification. In the territory of Kazakhstan, almost all reservoirs are subject to anthropogenic and
technogenic influence. The presence of salmonella, pathogenic Escherichia coli, Vibrio cholerae, viruses and
many other pathogens in the water can lead to intestinal diseases; in addition, the risk to human health is as-
sociated with the presence in water of toxic chemicals (phenols, petroleum products, compounds of copper,
zinc, iron, cadmium, cobalt, molybdenum, arsenic, nickel, lead, dichlorodiphenyltrichloroethane, nitrates,
nitrites, formaldehyde, chlorine, cyanides, fluorides, etc.), exceeding MPC. Extremely high levels of water
pollution are noted in different regions. The predominant pollutants of water reservoirs are phenols,
petroleum products, easily oxidized organic compounds, surfactants, nitrates, nitrites, iron, copper,
manganese, and zinc. Although it complies with all hygienic standards, these elements in the water will
inevitably lead to many infectious diseases, which can adversely affect the normal functioning of the water
and salt circulation in the kidneys after entering the body of young children [1].

Methodology

The tissues and organs of a child’s body contain significantly more water than an adult. At birth, the
water content is 80 %, children of the first five years contain 70 % of body weight. During physiological
weight loss (in the first days after birth), the child loses water (8.7 % of body weight) by evaporation during
breathing, from the skin surface, with urine and meconium. Removal of water by evaporation is 52-75 % in
total. Children have a large body surface and kidney immaturity [2]. Extrenore water loss in children is 1 ml
per 1 kg of body weight per hour (for adults — 0.45 ml/kg). Water loss by perspiration is up to 30 ml/kg.
With age there is a change in the content of intracellular and extracellular fluid (Table).
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Table
The content of the total amount of water (%) and the ratio in the distribution of the liquid depending on age

Indicator Newborn 1-6 months 6 months —1 year 1-5 years Adult
Total amount of water 75—80 70 70 60—65 60—65
Intracellular 30-40 30 35 35-40 40—-45
Extracellular
Interstitial 32—-44 34,5 30 25 17
Plasma 6 5,5 5 5 5

Physical and chemical properties of water. The main functions of water in the body.

1. An indispensable nutritional factor (a person dies after losing 12-25 % of water).

2. Universal solvent of organic and inorganic substances (being a neutral medium, water does not alter
the chemical properties of the substances dissolved in it; ensures their dissociation and thus the activation of
a number of biomolecules).

3. The basis of the internal environment of the body (2/3 of the body weight of an adult is water).

4. Structural component of tissues (most functioning tissues contain more water).

5. Takes part in the structural organization of biomembranes and their bases — a double lipid layer in
which the hydrophilic surfaces of each monolayer interact with water.

6. Performs the role of hydrate shell of biopolymers and cellular organelles (for example, the interaction
of water with proteins ensures their conformation).

7. Transport role — the transfer of substances both within the cell and in the surrounding extracellular
space, between the organs.

8. Participation in biochemical reactions (hydrolysis, redox).

9. Regulation of osmotic pressure (isosmia).

10. Maintaining body temperature (isothermia); water evaporation by the skin is a device for maintain-
ing a constant body temperature.

11. Maintaining the ion environment (pH).

12. Mechanical (weakens friction between articular surfaces, ligaments, muscles) [2, 3].

Results and discussion

Features of children’s water-salt metabolism. A distinctive feature of water-salt metabolism of young
children is greater release of water with exhaled air (in the form of water vapor) and through the skin (up to
half of the total amount of water introduced into the body of a child) compared to adults. Water loss during
breathing and evaporation from the surface of the baby’s skin is 1.3 g/kg body weight per 1 hour (adults” —
0.5 g/kg body weight per 1 hour). The daily need for water of a child of the first year is 100-165 ml/kg,
which is 2-3 times higher than the need for water of adults. Daily dieresis of a child aged 1 month is 100—
350 ml, 6 months — 250-500 ml, 1 year — 300-600 ml, 10 years — 1000—-1300 ml. In the first year of a
child’s life the relative value of its daily dieresis is 2—3 times higher than that of adults. In young children the
so-called physiological hyperaldosteronism is noted, which is obviously one of the factors determining the
distribution of intracellular and extracellular fluid in the children's body (up to 40 % of all water in young
children falls on extracellular fluid, about 30 % — on intracellular, with a total relative water content in the
body of a child 65-70 %; in adults, extracellular fluid accounts for 20 %, intracellular — 40-45 % with a
total relative water content of 60—-65 %. The composition of electrolytes of extracellular fluid and blood
plasma in children and adults do not differ significantly, only in newborns there is a slightly higher content
of potassium ions in the blood plasma and a tendency to metabolic acidosis. Urine in newborns and infants
may be almost completely devoid of electrolytes. In children under age of 5, excretion of potassium in the
urine usually exceeds sodium excretion, by about age of 5, the renal excretion of sodium and potassium lev-
els out (about 3 mmol/kg body weight). In older children, sodium excretion exceeds the excretion of potassi-
um: 2.3 and 1.8 mmol/kg body weight, respectively. When breastfed, the child of the first half of year re-
ceives the right amount of water and salt from mother's milk, but the growing need for minerals makes it
necessary to introduce additional quantities of liquid and complementary foods as early as the 4th-5th month
of life. While treating intoxication in infants, when a large amount of fluid is injected into the body, there is a
risk of water poisoning. Treatment of water intoxication in children is not fundamentally different from the
treatment of water intoxication in adults. The system of regulation of water-salt metabolism in children is
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more labile than in adults, which can easily lead to its disturbances and significant fluctuations in the osmotic
pressure of extracellular fluid. Children react to restriction of drinking water or excess salt intake with the so-
called salt fever. Hydro ability of tissues in children determines their tendency to develop a symptom com-
plex of dehydration (exsicosis). The most severe disorders of water-salt metabolism in children occur in dis-
cases of the gastrointestinal tract, neurotoxin syndrome, and adrenal pathology. In older children, water-salt
metabolism is particularly severely disturbed by nephropathy and circulatory failure [4, 5].

Body's need for water. The body's need for water depends on: age, intensity of metabolic processes,
physical activity, the functional state of the kidneys, body temperature and the environment, the nature of
nutrition. Absorption of water occurs throughout the gastrointestinal tract, most of it is reabsorbed in the
small intestine. The main ways of entry and removal of water from the body are shown in Figure.

Exogenous water (2.2-2.5 ): )
— adults 40 ml/kg body weight; Endogenous water (metabolic)
— children 100-150 ml/kg body weight *300-400 ml/day
Tears <: Body water pool 60-65 % of body weight :> Intestines — feces
(5-6 ml) (40451 (150-200 ml)

! L I

Lungs — exhaled air Kidneys — urine Skin — sweat
(300-400 ml) (1200-1800 ml) (300-500 ml)

Figure. The main ways of entry and removal of water from the body are shown, body water pool

The amount of endogenous (metabolic) water depends on the nature of the decomposing substrate: thus,
upon oxidation of 100 g of fat 107 ml of water are formed, 100 g of protein — 41 ml of water, 100 g of car-
bohydrates — 55 ml of water.

In childhood, water metabolism is more intense than in adults. In young children, there is a high perme-
ability of cell membranes, and the fixation of fluid in the cells and the intercellular space is weak. In a child,
the volumes of chloride (extracellular water) and inulin space (labile water) are almost the same and make up
41 and 40 % of body weight, respectively (in an adult — 26.4 % and 16 %).In children, water metabolism is
labile due to the mobility of extracellular water. During dehydration (loss of fluid) there is a significant de-
crease in both extra-and intracellular fluid. The children's need for water is much higher than in adults: from
10 days of life to 5 years is 130—150 ml/kg body weight.

Sodium. The sodium content in the serum of the newborn is the same as in the mother’s blood
(= 142 mmol/l). The intracellular sodium content in children is higher, which is associated with the matura-
tion processes of the «sodium pump» in the cells.

Potassium. In newborns, the potassium content is up to 6.6 mmol/l. The content of potassium in the
blood of more than 6 mmol/l is dangerous for the life of children older than 1 month. Daily need for potassi-
um is higher than in adults. The lack of potassium in the children's body retards the growth and development
of the child.

Calcium. Enters the fetus transplacentally through active transport. In the last months of pregnancy, up
to 100-150 mg of calcium per kg of fetus weight is daily supplied. The body of the newborn contains 30 g of
calcium. Up to 4 months there is a rapid growth and mineralization of bone tissue. To ensure this process, the
child needs to receive 500 mg of calcium daily. The children's body of the first year contains calcium of
400 mmol/kg body weight. The calcium content in the blood of full-term newborns is 2.25-2.45 mmol/l, the
first year and older is 2.5-2.8 mmol/l. In healthy children, 0.1-0.3 g/day of calcium is excreted in the urine;
much of it is excreted with feces.

Magnesium. Every day, the fetus receives 3—4 mg of magnesium. The concentration of magnesium in
serum is 0.66—0.99 mmol/l, 2/3 of magnesium is in ionized form. Hypomagnesaemia in children is manifest-
ed by increased neuromuscular excitability, prolonged diarrhea. Hypomagnesaemia is observed in children
receiving large doses of vitamin D.
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Phosphorus. Enters the fetus against the concentration gradient. The concentration of phosphorus in the
blood serum of the first year child is 1.29-2.26 mmol/l, from 2 to 4 years — 0.65—1.62 mmol/l.

The age-related features of calcium, magnesium and phosphorus metabolism are determined by the
state of the neuroendocrine regulation of homeostasis and bone tissue mineralization.

The effect of ant diuretic hormone and aldosterone on the body of a child of the first year is significant-
ly less expressed than in children older than 1 year.

Humoral regulation and violation of water-salt metabolism. The main hormones involved in the
humoral regulation of water-salt metabolism are ant diuretic hormone, aldosterone, atrial natriuretic factor
and rennin — angiotensin system.

Ant diuretic hormone (vasopressin). It is synthesized in the supraoptic and paraventricular nuclei of the
hypothalamus, it is transported to the neurohypophysis a long the supraopticohypophysial tract, from which
it is secreted into the blood. By chemical nature, it refers to the hormones of the protein-peptide nature, it is a
nanopeptide. Target organs are vessels, distal tubules of the kidneys. The mechanism of action is membrane-
intracellular. It is responsible for osmoregulation and fluid volume, regulates water balance, has a vasocon-
strictor effect, regulates the functioning of the cardiovascular system [6].

Effects of ant diuretic hormone (ADH):

1) ant diuretic hormone (interacts with V,-receptors in the renal tubules, increases the level of cAMP,
phosphorylates proteins, increases the permeability of membranes to water and its reabsorption):

Increase of osmotic pressure of blood plasma

!

Excitation of osmoreceptors of the hypothalamus

!

Secretion of ADH from secretory granules

Distal tubules of the kidneys
(Activation of hyaluronidase)

l

Hyaluronic acid depolymerization

!

Increase of permeability of the distal water tubules
Decrease of diuresis (water is retained in the body)

2) regulation of blood pressure (interacts with V;-receptors of smooth muscle cells in blood vessels, in-
creases the concentration of calcium in the cells, causes muscle contraction, vasoconstriction and high blood
pressure);

3) participates in memory mechanisms, namely in fixing memory, mobilizing information.

Conclusion

Kidney and urinary tract diseases are common in children. The main contingent of the neurological de-
partment — patients with infection of the urinary system (pyelonephritis, cystitis); children suffering from
glomerulonephritis, interstitial nephritis, disorders of water-salt metabolism. An important part of the treat-
ment of diseases of the kidneys and urinary tract are diet, water and salt regimen.

The problem of urinary tract infection (UTI) in children continues to be one of the most pressing in pe-
diatric nephrology, since this group of diseases takes first place in the structure of nephropathy, significantly
exceeding the prevalence of glomerulonephritis and other kidney damages. In the early 90s of the last centu-
ry, UTI was considered to be the main unrecognized threat to a child’s health, since the latent course of pye-
lonephritis (PN) was found in 2-20 % of cases, and asymptomatic bacteriuria — in approximately 1-2 % of
healthy girls. These data led to the excessive use of invasive methods of diagnosis and treatment of UTI with
the aim of preventing the development of chronic renal failure. Over the past two decades, circumstances
have changed. Currently, it is considered that only some cases of UTI are a serious or life-threatening prob-
lem; surgical treatment is indicated for a small number of children with recurrent UTI and structural urinary
tract anomalies that can be surgically corrected.
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At the present stage, the problem of urological infections is one of the big issues, because of the
tendency to increased frequency of diseases of the urinary tract.

Peculiarities of urinary tract infections are determined not only by medical but also by socio-economic
significance of the problem.

The causative agent of urinary tract infections is microflora colonizing the periurral area. They are
mainly conditional-pathogenic microorganisms belonging to the family of enterobacteria, including the
intestinal stick which is the first.
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A.C. luamyxamenona, [11.K. Eneynaesa, P.1. Aitzman

Bananap Oyiiperingeri cy MeH Ty3 aJiMacybIHbIH Kel0ip
e3reuesikTepi MeH 0JIapAbIH 39p IIbLIFapPy Kylecine dcepi

[lomy makanmana Oananap OYHperiHiH Cy MEH TY3 aIMacCyBIHBIH HETi3Ti KYpBUIBIMBI MEH epeKIIeIiKTepiHe
KEHIHeH TOKTaJla OTHIPHIIL, OCiI KeJle XKaTKaH aF3aHbIH KAJBIITH JJaMyblHa KOPIIaraH OpTa MEH TYPFBUIBIKTHI
MEKEH eTy jKepl MEH KYHJAENIKTI KOPEKTEHIN OTBIPFaH CyIbIH (pU3HKa-XUMUSUIBIK KYPaMBIHBIH ocepi KeHIHEH
Ko3ranaasl. bylipek Merabomm3M yaepiciHme, 9K30TeHAIK 3aTTapiaH maiina Oonran 80 %-ra nelin cynma
epUTIH eHIMEPAIH OOIIHIN IIBIFybIHA, OCMOTHKAJBIK OCJICEH/l 3aTTap KOHIEHTPALMICHIH, aF3adarbl CYMbIK
3aTTapAbIH KOJIEMiH XOHE KBIIKBUIIBI-CUITLII OPTaHbIH TeHe-TeHAIriH PeTTeyiH Heri3ri TOMeoCTaTHKAJIbIK
Mmyme Oonbin Tabbutazsl. OcbiFaH OalnaHBICTBI aKyBI3AbIH, Maillap MeH KeMipcylnapiblH aybICybIHa,
COHBIMEH KaTap Ha’PUTPOIIOI3re ocep eTeTiH OHOJIOTHsUIBIK OCJICeHAl 3aTTap MEH TOpPMOHIAp CHUHTE3iHIH
HeTi31 peTiHfe, KaH KBICHIMBIHBIH KAJIBIITHI XKYpyiHe, KaJbIUHIIH MeTabonm3Mi KoHe Tarbl OacKalapbHa
Oy#ipek 3aT alMacyAblH HETI3ri pelliH aTKapymbl peTiHae kepcerinreH. Makamama Oyiipexrtiy Oip rana
(GYHKOMSACHI — OpPTYpJl JKacTarbl Oamamapiarkl Cy MEH TY3 aJIMacybIHBIH KaJBIITBI TOMEOCTa3[bl
TanKputaHaael. OChl KypAeni YAEpICTiH jkac Oananap ar3achl KaIbINTH JeHTeHe JaMybIHa Keepri KelTipeTin
KeTTereH (hakTopIap, acipece TUTHEHANBIK KOHEe CAHUTAPIIBIK JeHreinep amyanTypii. OcbFaH GalIaHbICTHI
Kas3ipri ke3ze, acipece jac GanagapIblH 39p IIBIFapy XKyHeciHiH HHOEKIMUIBIK aypy TYpiepi KeHIHeH eTeK
aJIBII KeNei.

Kinm ce30ep: BomoMOperyssiuus, OCMOPETyJISALMs, HOHOPETYIALus, MeTaboau3M, romeocras, OyHpek, cy
MEH TY3 aifHaJbIMBbI, aKybI3, KOMIpCyap, Maiiap, 39p LIbIFapy KyHeciHiH HHOEKIMICHL.

A.C. luamyxamenona, I11.K. Eneynaea, P.1. Aiiaman

HexoTopbie 0cO0EHHOCTH BOJHO-COJIEBOI0 00MEHA MOYeK
y AeTel ¥ UX BJMSIHUE HA MOUYEBBIBOAUTEIbHYI0 CUCTEMY

B 0030pHO# cTaThe paccMOTPEHBI OCHOBHBIE CTPYKTYPbI M OCOOCHHOCTH BOJHO-COJEBOTO OOMEHa IOYeK,
HOPMaJIbHOE Pa3BUTHE PACTYILErO OPraHU3Ma, BO3ICHCTBHE OKPYIKAIOLICH cpelbl U Cpelbl OOUTaHus, a TaK-
ke BIUAHHE (PU3MKO-XHMUUYECKOTO COCTaBa CyTOYHOM IMUTheBOIl Boabl. [Iouku, obecneunBas BblIEICHHUE 10
80 % BOJOPAaCTBOPUMBIX MPOJYKTOB, 00pa3yIOLIUXCS B MPOIECCE OOMEHA BEIIECTB U HK30T€HHBIX BELIECTB,
YUYacTBYIOIIMX B PEry/siIUM CTAaOMIBHOCTH KOHLEHTPAIMM OCMOTHYECKH aKTHBHBIX BEIIECTB (OCMOpe-
rymsus), o0beMa KHUAKOCTeH opranm3Ma (0ObeMHas peryJisiius), KOHICHTPALMIO OTJEIBbHBIX HOHOB
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(MoHHas peryisiuus) W KUCIOTHO-OCHOBHOE paBHOBECHE, SBIAIOTCS, TakUM o00pa3oM, OCHOBHBIM
TOMEOCTaTHUECKUM opraHoM. Hapsay ¢ sTuM, MeTabosiudeckas poJib MOYEK MPOsBILETCS B MeTaboIM3Me
0EJIKOB, KUPOB U YIVIEBOJOB, a TAKKE MX 3HAUCHUU B CHHTE3€ OMOJOTMYECKH aKTHBHBIX BELIECTB U TOPMO-
HOB, BIHSOUINX HA DPUTPOII033, PETYIHIUI0 apTEPHAIBHOTO NaBJICHHs, 0OMEH KaIbLUs U Ip. ABTOpaMu 00-
CyXJIeHa TOJIbKO OJHa (DYHKIHMS MOYKH — €€ YYaCTHE B PETYJSAIHMU BOJHO-COJIEBOTO TOMEOCTa3a y HeTei
pasHoro Bo3pacta. MHorue (hakTopbl, CIOCOOCTBYIOIIUE PA3BUTHIO STOTO CIIOKHOTO MPOoIecca HOPMAIEHOTO
pa3BUTHS Tella MAJICHBKOTO peOCHKA, OCOOCHHO Pa3HOOOpa3HBI B TUTUCHE W CAHUTApHHU. B CBS3M ¢ 3THM B
HacTosilee BpeMs HH(EKIMOHHbIe 3a00JIeBaHNsI MOYCIIOIOBONH CHCTEMbI OCOOCHHO PaclpoCTpaHEHbl y Ma-
JIEHbKUX JIETEH.

Knrouegvie cnosa: BOIOMOPETYISLUs, OCMOPETYJIALMSA, HOHOOPETYIISALHS, METab0NIN3M, TOMEOCTa3, MOYKH,
BOJIHO-COJIEBOI 0OMEH, O€JIKH, YIIIeBOIbI, XKHUPHI, HHPeKunu MoueBoit cucteMsl (MIMC).
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