
Advances in Environmental Biology, 8(10) June 2014, Pages: 257-262 

 

AENSI Journals 

Advances in Environmental Biology 
ISSN-1995-0756      EISSN-1998-1066 

 

 

Journal home page: http://www.aensiweb.com/aeb.html 

 
 

Corresponding Author: Olga Sergeevna Shubina, Federal State Budgetary Educational Institution of Higher Professional 

              Education «Mordovian State Pedagogical Institute named after M. E. Evsevjev», Studencheskaya 

                            Street, 11А, Mordovia, 430007, Saransk, Russia 

The Influence of the Mineral Composition of Drinking Water on the Albino Rats' 

Blood Indices  
 

Olga Sergeevna Shubina and Nina Anatolievna Smertina 

 
Federal State Budgetary Educational Institution of Higher Professional Education «Mordovian State Pedagogical Institute named after M. 

E. Evsevjev», Studencheskaya Street, 11А, Mordovia, 430007, Saransk, Russia 

 
A R T I C L E  I N F O   A B S T R A C T  

Article history: 

Received  25 March 2014 
Received in revised form  20 April 

2014 

Accepted 15 May 2014 
Available online 5 June 2014 

 

Key words: 
Water, ionic composition of water, 

balanced ionic concentration, blood, 

pregnant rats. 

 A comparative study of the influence of the drinking water, balanced by the ionic com-

position, the tap water with the high concentration of fluorine, iron, calcium and mag-
nesium, and the sodium chloride water on the morphological and biochemical indices of 

the non-pregnant and pregnant female albino rats' blood has been undertaken. The 

obtained results have shown, that tap water has no significant influence on the indices 
of the non-pregnant and pregnant rats' blood. Sodium chloride water exerts an adverse 

influence on the indices of the laboratory animals' blood.  
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INTRODUCTION 

 

 Water is essential for the human life. All over the world the issue of providing the population with pure 

drinking water is classified as the social one, as it directly affects the public health [1, 2, 3, 4]. 

 A body receives water along with the solids dissolved in it [5, 6, 7]. The importance of electrolytes in me-

tabolism is primarily determined by its osmotic activity and electrolytic properties. In addition, certain electro-

lytes are of particular importance for the body functions [8]. The effect of the water chemical factors has been 

confirmed by the numerous experimental studies, especially in the context of the lowest observed adverse effect 

and no observed adverse effect levels [9, 10]. 

 In our work we have applied the artesian water, produced in the Republic of Mordovia with the high concentra-

tion of fluorine, iron, as well as calcium and magnesium, what determines its high hardness; the sodium chloride 

water (the hypertonic sodium solution), as well as the bottled drinking water "Aqua Minerale", balanced by the 

ionic composition. 

 The importance of the issue under consideration and the lack of the experimental works in this field have 

determined the research objective - to study the influence of the drinking water of different salt composition on 

the indices of the non-pregnant and pregnant female albino rats' blood. 

 

Methods: 

 The adult female outbred albino rats weighing 180-200 g have been used as a biological test object in the 

work. The total count of the used animals is 60. In accordance with the designated tasks the animals were di-

vided into groups.  

 The first (control) group consists of the non-pregnant female rats, which have intaken the packaged non-

carbonated drinking water "Aqua Minerale" balanced by the micro-and macro-elements concentration.  

 The second group (experience 1) consists of the pregnant rats, which have received the drinking water 

"Aqua Minerale" as a drink.  

 The third group (experience 2) consists of the non-pregnant rats, which have received the water with the 

high concentration of the iron, calcium, magnesium and fluoride ions as a drink from the Saransk's central water 

supply system.  

 The fourth group (experience 3) consists of the pregnant rats, which have drunk the Saransk's tap water 

with the high concentration of the iron, calcium, magnesium and fluoride ions.  

 The fifth group (experience 4) consists of the non-pregnant rats, which have received the sodium chloride 

water as a drink.  
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 The sixth group (experience 5) consists of the pregnant rats, which have drunk the sodium chloride water.  

 The experience was conducted indoors at the temperature of 22-25°C and the relative humidity of 67-70% 

during the summer and autumn months. The animals were kept in a vivarium with no restriction of the routine 

activity and had a free access to feed and water. Pregnancy was diagnosed when determining the mating time of 

the females which were in season. The animals were considered to be pregnant from the morning of that day, 

when the sperm was detected in its vagina. The slaughter of animals was executed on the 21-st day of the ex-

perience by decapitation under the anaesthesia by the ether and chloroform mixture in compliance with the hu-

manitarian rules, set forth in the directives of the European Community (86/609/EEC) and the Declaration of 

Helsinki, as well as in accordance with the requirements and regulations for performing the works using the 

laboratory animals.  

 

The research subject was the albino rats' blood:  

 In the animals' blood the number of erythrocytes and leukocytes, the haemoglobin concentration, the eryth-

rocyte sedimentation rate (ESR) were determined by the morphological methods. In the blood serum the total 

count of protein, creatinine and urea was determined by the biochemical methods. 

 Statistical processing of the obtained digital data was carried out using the FStat and Exel programs. The 

statistical hypotheses were tested by Student's t-criterion. When evaluating the statistical hypotheses the follow-

ing significance levels were taken in the work: р≤0,05. 

 

Body:  

 The ionic composition of water is essential for assessing the physiological effect of drinking water. The 

conducted qualitative analysis of drinking water at the premises of the "Hygiene and Epidemiology Centre in the 

Republic of Mordovia" has shown, that the bottled drinking water "Aqua Minerale" has the ionic composition 

corresponding to GOST: Magnesium - is less than 20 mg/L, calcium - is less than 30 mg/L, potassium - is less 

than 20 mg/L, sodium - is less than 20 mg/L, hydrogen carbonates - are less than 200 mg/L, sulphates - are less 

than 250 mg/L, chlorides - are less than 150 mg/L. Total hardness is 7 mg/L. Total Dissolved Salts are 500 

mg/L. 

 Tap water testing for the macro-and micro-elements has shown an exceedance of the total water hardness 

compared with MAC (8.22 mg/L; MAC is 7 mg/ L), as well as the concentration of such chemical elements, as 

fluorine (1.85 mg/L; MAC is 1.5 mg /L), iron (0.34 mg /L; MAC is 0.3 mg/ L), magnesium (72.9 mg/L; MAC is 

40 mg/L), sodium and potassium (201.45 mg/L; MAC is 200 mg/L).  

 The conducted morphological and biochemical studies have shown (Fig. 1, 2, 3, 4), that in the blood of the 

pregnant animals, which have intaken the "Aqua Minerale" water, compared with the non-pregnant ones (con-

trol) the increase in the number of erythrocytes by 12,8% (P ≤ 0, 05), haemoglobin - by 8.9%, leukocytes - by 

29,6% (P ≤ 0,05), ESR - by 13,3% (P ≤ 0,05) has been detected, what is probably due to the physiological re-

sponse of a body to the metabolic stimulation during pregnancy.  

 Reducing the concentration of the total protein by 13.3% (P ≤ 0,05) and creatinine in the blood serum - by 

37.5% (P ≤ 0,05) in the pregnant rats (Fig. 5, 6 and 7) is due to increasing the blood volume, as well as the renal 

plasma flow and filtration. 

 The studies have shown, that under the influence of the Saransk's tap water with the high concentration of 

the fluoride, iron, calcium and magnesium ions (experience 3) in the pregnant albino rats' blood as compared 

with the non-pregnant animals (experience 2) there is the increase in the number of erythrocytes by 20.4% ( P ≤ 

0,05), the number of leukocytes - by 46.0% (P ≤ 0.05), the haemoglobin concentration - by 11.7%, the erythro-

cyte sedimentation rate has significantly increased - by 27.5% (P ≤ 0.05).  

 At the same time in the blood serum of the animals there is the reduction in the total protein by 12.5%, as 

well as the increase in creatinine - by 22.2% (P ≤ 0.05) and urea by 9.0%. 

 

 
 

Fig. 1: The change in the number of erythrocytes in the albino rats' blood when drinking the "Aqua Minerale" 

water, the Saransk's water and the 1.0 % sodium chloride solution.  
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Fig. 2: The change in the number of leukocytes in the albino rats' blood when drinking the "Aqua Minerale" 

water, the Saransk's water and the 1.0 % sodium chloride solution. 

 

 
 

 Fig. 3: The change in the haemoglobin concentration in the albino rats' blood when drinking the "Aqua Miner-

ale" water, the Saransk's water and the 1.0 % sodium chloride solution. 

 

 
 

Fig. 4: The change in the erythrocyte sedimentation rate in the albino rats' blood when drinking the "Aqua Min-

erale" water, the Saransk's water and the 1.0 % sodium chloride solution. 

 

 
 

Fig. 5: The change in the concentration of the total protein in the albino rats' blood when drinking the "Aqua 

       Minerale" water, the Saransk's water and the 1.0 % sodium chloride solution. 

 

 Increasing the red blood cell concentration and the haemoglobin level in the pregnant animals is primarily 

due to the excess of the iron ions in the used tap water. The ESR increase along with the simultaneous increase 

in the leukocyte number, could probably be a non-specific biochemical indice of the body response to the exter-

nal stimuli.  

 The decrease in the total blood protein could indicate, that the Saransk's water with the high concentration 

of the iron, calcium, magnesium and fluoride ions is a factor affecting the kidneys, upon the disorder of which 

protein removes with urine from the body. In addition, during pregnancy reducing the total protein concentration 
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in the blood serum is apparently due to both the partial dilution, as a result of the water retention, and reducing 

the concentration of the albumin protein, which is intensively used in the biosynthetic processes.  

 

 

 
 

Fig. 6:  The change in the urea concentration in the albino rats' blood when drinking the "Aqua Minerale" water, 

       the Saransk's water and the 1.0 % sodium chloride solution. 

 

 
 

Fig. 7: The change in the creatinine concentration in the albino rats' blood when drinking the "Aqua Minerale" 

water, the Saransk's water and the 1.0 % sodium chloride solution. 

   

 Increasing such biochemical indices, as the creatinine level by 12.5% and the urea level by 9% in the blood 

serum of the animals, which have drunk the tap water in Saransk, could indicate the renal disorder and could be 

classed as an early symptom of the kidney failure.  

 The comparative study of the blood of the non-pregnant rats (experience 2), which have received the 

Saransk's water, as compared with the indices of the non-pregnant control rats has shown, that there are no sig-

nificant differences (P ≤ 0,05), except for the ESR increase. The Saransk's water has apparently no influence on 

the indices of the non-pregnant rats' blood.  

 However, the indices of the pregnant rats' blood (experience 3) are different. As compared with the preg-

nant rats, which have drunk the "Aqua Minerale" water (experience 1), in the pregnant rats (experience 3) there 

is the significant increase in erythrocytes by 15.6% (P ≤ 0.05), leukocytes - by 16.4% (P ≤ 0.05), haemoglobin - 

by 11.8%, ESR - by 323.5% (P ≤ 0.05), urea - by 18.8% (P ≤ 0.05), creatinine - by 220.0% (P ≤ 0.05). There-

fore, in case of its long-term use the Saransk's water has a non-specific effect on the indices of the pregnant 

animals' blood (ref. Fig. 1-7). 

 Studying the blood of the non-pregnant albino rats (experience 4), which have drunk the sodium chloride 

water, as compared with the indices of the non-pregnant control animals, which have drunk the "Aqua Miner-

ale" water, has shown the reduction in the total count of erythrocytes by 13.0% (P ≤ 0.05) and the haemoglobin 

concentration by 2.41%, the increase in the total count of leukocytes - by 64.40% (P ≤ 005) and ESR - by 

323.5% (P ≤ 0.05) (ref. Fig. 1-4).  

 The biochemical analysis of the blood serum has shown the significant increase in the concentration of the 

total protein by 49.48% (P ≤ 0.05) and urea - by 38.24% (P ≤ 0.05). All the aforesaid suggest the specific ad-

verse influence of the sodium chloride water (the hypertonic sodium chloride solution) on the blood of the ex-

amined animals.  

 In the pregnant animals (experience 5), which have drunk the sodium chloride water, one could mark the 

reduction in the erythrocyte concentration by 12,6% (P ≤ 0,05) and the haemoglobin concentration by 12.0%, 
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the increase in the leukocyte number by 7.21% and the erythrocyte sedimentation rate by 3.3 times (P ≤ 0,05) 

(ref. Fig. 1-7), as compared with the test groups of animals (experience 1), which is probably due to strengthen-

ing the negative influence of the sodium chloride solution. The significant increase in the concentration of the 

total protein and urea has been also detected as compared with all the test groups. 

 

Conclusion: 

 Water is the main environment, where the numerous chemical reactions, as well as physical and chemical 

processes proceed (anabolism, catabolism, osmosis, diffusion, transport and others), which form the basis of 

life. The quantitative and qualitative water composition ensures the normal human activity due to the balanced 

water-salt metabolism [11]. 

 The water quality becomes particularly important across pregnancy, when the change in the water-salt me-

tabolism is marked, what is expressed in a liability to edema, a change in the salt appetite, and in some cases the 

nephropathy develops [12].  

 The studies on the influence of the high hardness of water and the water containing the sodium and chloride 

ions on the pregnant animals' body have not been found by us. In this case, studying the reactivity of tissues and 

organs under the influence of such destabilizing factor, as the drinking water of different mineral composition 

seemed to be interesting. 

 The conducted studies have identified the distinctive changes in the blood of the pregnant and non-pregnant 

albino rats when intaking the drinking water "Aqua Minerale" balanced by the ionic composition, the tap water 

with high concentration of the iron, calcium, magnesium and fluoride ions, the sodium chloride water (the hy-

pertonic sodium chloride solution).  

 

Conclusions: 

1. The Saransk's water with the high concentration of the iron, calcium, magnesium and fluoride ions has no 

significant influence on the indices of the non-pregnant rats' blood. The rats' pregnancy is followed by increas-

ing the number of erythrocytes, leukocytes in blood, ESR and the creatinine concentration in the blood serum.  

2. The hypertonic sodium chloride solution exerts an adverse influence on the indices of both the non-pregnant 

and pregnant albino rats' blood, what is followed by increasing the total count of leukocytes and ESR, an in-

crease in the amount of the total protein, urea in the blood plasma. These indices vary considerably during the 

animals' pregnancy. 

ACKNOWLEDGEMENTS 

 

 The study has been conducted with funding from the Ministry of Education and Science of the Russian 

Federation in the course of executing the public task by FSBEI HPE "Mordovia State Pedagogical Institute 

named after M. E. Evsevev" ("The Influence of the Anthropogenic Factors on the Morphofunctional State of a 

Body" project). 

REFERENCES 

 

[1] Rylova, N.V., 2005. The Influence of the Mineral Composition of Drinking Water on the Children's Health. 

Hygiene and Sanitation, 1: 45-46. 

[2] Malenchenko, A.F., 1997. Role of ecological factors in the pathogenesis of thyroid cancer in regions of 

Byelarus exposed during the Chernobyl AES accident. RadiatsBiolRadioecol, 37(6): 882-889. 

[3] Shubina, O.S. and N.A. Smertina, 2009. Influence of drinking Water Quality on Blood Parameters. Europen 

Journal of Natural History, 4:76. 

[4] Smertina, N.A., O.S. Shubina and N.A. Melnikova, 2013. The Effect of Driking Water Qualiti on the Mor-

phological and Biochimical Characteristics of Blood and Organs of Female White Rats. Middle-East Jour-

nal of Scientific Research, 14(12): 1660-1664. 

[5] Bala, S., M.H. Kombrabail and B.S. Prabhananda, 2001. Effect of phloretin on ionophore mediated electro-

neutraltransmembranetranslocations of H
4
", K

+
 and Na

+
 in phospholipid vesicles. Biochim. Biophys. Acta, 

1-2: 258-69. 

[6] Fekete, S.G., 2001. Study of soil-plant (potato and beetroot) -animal cycle of nutritive and hazardous min-

erals in a rabbit model. Acta Vet Hung, 49(3): 301-310. 

[7] Walker, W.А., 2005. Microflora role in development of protective functions of intestines. Pediatrics, 1: 85-

91. 

[8] Aizman, R.I., G. Celsi, L. Grahnquist, Z.M. Wang, Y. Finkel and A. Aperia, 1996. Ontogeny of K+ Trans-

port in Rat Distal Colon. Am. J. Physiol: 268- 274. 

[9] Krasovsky, G.N. and N.А. Egorova, 2005. Coherence between the Hygiene Regulations and the Foreign 

Requirements for the Drinking Water Quality. Hygiene and Sanitation, 2: 10-13. 

http://www.tiensmed.ru/news/clear-water-wkti/


262                                     Olga Sergeevna Shubina and Nina Anatolievna Smertina, 2014 

Advances in Environmental Biology, 8(10) June 2014, Pages: 257-262 

  

[10] Shubina, O.S., N.A. Smertina, N.A. Melnikova and M.V. Lapshina, 2011. The Influence of the Mineral 

Composition of Drinking Water on the Structure of the Albino Rats' Kidneys and Intestines. Russian Scien-

tific Journal, 3: 275-279. 

[11] Pomerance, A., T. Dolphin and Z. Korzec, 2002. High Sodium Concentrations in Drinking Water - is the 

Cause of the Newborn High Blood Pressure. Hypertension, 20: 203-207.  

[12] Shakhmatova, E.I., N.A. Osipova and Y.V. Natochin, 2000. The Changes in Osmolality and Ionic Concen-

tration in the Women's Blood Serum across Pregnancy. Human Physiology, 1: 107-111. 


