
182 Вестник Карагандинского университета 

UDC 2788.579.574 

A.S. Dinmukhamedova1, Sh.K. Yeleupayeva1, R.I. Aizman2 

1L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan; 
2Novosibirsk State Pedagogical University, Russia 

(E-mail: a_a_a_shynar@mail.ru) 

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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T a b l e  

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 (рН). 
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-
eases 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. 

 

 

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. 

Tears  
(5–6 ml) 

Body water pool 60–65 %  of body weight 
(40–45 l) 

Lungs — exhaled air 
(300–400 ml) 

Intestines — feces 
(150–200 ml) 

Skin — sweat  
(300–500 ml) 

Exogenous water (2.2-2.5 l): 
– adults 40 ml/kg body weight; 
– children 100–150 ml/kg body weight 

 
Endogenous water (metabolic)  

*300–400 ml/day 

Kidneys — urine 
(1200–1800 ml) 

Ре
по
зи
то
ри
й К
ар
ГУ



Some features of kidney water-salt metabolism … 

Серия «Биология. Медицина. География». № 2(94)/2019 185 

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 V2-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) 

↓ 
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 V1-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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Балалар бүйрегіндегі су мен тұз алмасуының кейбір  
өзгешеліктері мен олардың зəр шығару жүйесіне əсері 

Шолу мақалада балалар бүйрегінің су мен тұз алмасуының негізгі құрылымы мен ерекшеліктеріне 
кеңінен тоқтала отырып, өсіп келе жатқан ағзаның қалыпты дамуына қоршаған орта мен тұрғылықты 
мекен ету жері мен күнделікті қоректеніп отырған судың физика-химиялық құрамының əсері кеңінен 
қозғалады. Бүйрек метаболизм үдерісінде, экзогендік заттардан пайда болған 80 %-ға дейін суда 
еритін өнімдердің бөлініп шығуына, осмотикалық белсенді заттар концентрациясын, ағзадағы сұйық 
заттардың көлемін жəне қышқылды-сілтілі ортаның тепе-теңдігін реттеуін негізгі гомеостатикалық 
мүше болып табылады. Осыған байланысты ақуыздың, майлар мен көмірсулардың ауысуына, 
сонымен қатар наэритропоэзге əсер ететін биологиялық белсенді заттар мен гормондар синтезінің 
негізі ретінде, қан қысымының қалыпты жүруіне, кальцийдің метаболизмі жəне тағы басқаларына 
бүйрек зат алмасудың негізгі рөлін атқарушы ретінде көрсетілген. Мақалада бүйректің бір ғана 
функциясы — əртүрлі жастағы балалардағы су мен тұз алмасуының қалыпты гомеостазды 
талқыланады. Осы күрделі үдерістің жас балалар ағзасы қалыпты деңгейде дамуына кедергі келтіретін 
көптеген факторлар, əсіресе гигиеналық жəне санитарлық деңгейлер алуантүрлі. Осыған байланысты 
қазіргі кезде, əсіресе жас балалардың зəр шығару жүйесінің инфекциялық ауру түрлері кеңінен етек 
алып келеді. 

Кілт сөздер: волюморегуляция, осморегуляция, ионорегуляция, метаболизм, гомеостаз, бүйрек, су 
мен тұз айналымы, ақуыз, көмірсулар, майлар, зəр шығару жүйесінің инфекциясы. 

 
А.С. Динмухамедова, Ш.К. Елеупаева, Р.И. Айзман 

Некоторые особенности водно-солевого обмена почек  
у детей и их влияние на мочевыводительную систему 

В обзорной статье рассмотрены основные структуры и особенности водно-солевого обмена почек, 
нормальное развитие растущего организма, воздействие окружающей среды и среды обитания, а так-
же влияние физико-химического состава суточной питьевой воды. Почки, обеспечивая выделение до 
80 % водорастворимых продуктов, образующихся в процессе обмена веществ и экзогенных веществ, 
участвующих в регуляции стабильности концентрации осмотически активных веществ (осморе-
гуляция), объема жидкостей организма (объемная регуляция), концентрацию отдельных ионов 
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(ионная регуляция) и кислотно-основное равновесие, являются, таким образом, основным 
гомеостатическим органом. Наряду с этим, метаболическая роль почек проявляется в метаболизме 
белков, жиров и углеводов, а также их значении в синтезе биологически активных веществ и гормо-
нов, влияющих на эритропоэз, регуляцию артериального давления, обмен кальция и др. Авторами об-
суждена только одна функция почки — ее участие в регуляции водно-солевого гомеостаза у детей 
разного возраста. Многие факторы, способствующие развитию этого сложного процесса нормального 
развития тела маленького ребенка, особенно разнообразны в гигиене и санитарии. В связи с этим в 
настоящее время инфекционные заболевания мочеполовой системы особенно распространены у ма-
леньких детей. 

Ключевые слова: волюморегуляция, осморегуляция, ионоорегуляция, метаболизм, гомеостаз, почки, 
водно-солевой обмен, белки, углеводы, жиры, инфекции мочевой системы (ИМС). 
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