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POSSIBILITIES FOR CALCIUM AND BICARBONATE-RICH MINERAL WATERS 

USE IN THE PREVENTION OF CALCIUM-DEFICIT CONDITIONS 
 

Ivan S. Lemko, Serhij T. Shubert, Margarita O. Haysak,  
Viktorija G. Malinovska, Lyudmila V. Dychka 

 
Government Institution “The Scientific-practical Medical Centre “Rehabilitation” Health 

Ministry of Ukraine”, Uzhgorod, Ukraine 
 

Summary. Investigation of bioavailability of calcium, magnesium and iron by the 
dynamics of their content in the hair testified high level of absorption of these elements from 
the natural mineral water as a result of its intake. Peculiarities of natural calcium containing 
mineral waters intake influence on the calcium-magnesium metabolism at patients with 
digestive organs pathology and osteoporosis risk factors was studied. This effect 
quantitatively depended on the concentration of calcium and magnesium in the serum at the 
beginning of treatment and on their content in the mineral water. The revealed regularities 
serve as the basis for the differential use of natural mineral waters with biologically 
significant levels of calcium in the programs of primary prophylaxis of osteoporosis and 
treatment of calcium-deficit conditions.  

 
Keywords: calcium-deficit, bicarbonate-rich and calcium-rich mineral waters, 

preventive treatment, bioavailability. 
 
Introduction:  
Prophylactics of osteoporosis is a 

very important problem of contemporary 
therapeutic medicine all over the word [5, 
7]. Progredient increasing of population 
and its ageing, urbanization and global 
industrialization of modern lifestyle 
elevates the frequency of new cases of 
osteoporosis bringing it on the leading 
position among non-infectious diseases on 
one level with cardiovascular pathology 
and cancer [4]. Deficit of essential 
elements, such as calcium, may be the 
consequence of a large group of diseases, 
physiological conditions and functional 
disturbances. Secondary osteoporosis that 
has a direct cause is of special value. One 
of the mechanisms of osteoporosis 
formation is metabolic acidosis associated 
with chronic diseases, which results in a 
negative calcium balance (resorption from 
bone), which in combination with 
phosphate depletion induce a metabolic 
bone disease that exhibits features of both 
osteoporosis and osteomalacia [14]. 
Secondary form of osteoporosis has its 
primary cause – calcium-dependent 

pathological processes which result in the 
development of calcium-deficit, osteopenia 
and osteoporosis. According to the 
investogations of A.L.Vertkin, the mean 
frequency of osteopenia and osteoporosis 
in the cohort of therapeutic patients is 37,3 
and 26,9%. The higher this percentage 
appeared to be in patient with chronic 
pathology of gastrointestinal tract, diabetes 
mellitus, chronic obstructive pulmonary 
disease [1, 3]. Because of the prolonged 
period when the calcium-deficit is 
clinically silent and the fact that 
osteoporosis itself is an irreversible 
pathology [7, 10], prophylactic measures 
are necessary to prevent the disease [4, 5].  

That is why early prophylactics of 
calcium-deficit conditions is very 
important for primary prophylactics of 
secondary osteoporosis. It is well known 
that neither therapeutic nor preventive 
system in planned without calcium-
containing medications or other sources of 
calcium. There is a wide spectrum of 
calcium containing medicinal forms which 
differ by their effectiveness that depends 
on the bioavailability of the element. 
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Moreover medications have numerous side 
effects and contraindications. Natural 
sources of calcium, first of all mineral 
waters, which contain soluble forms of the 
element with high biological availability, 
are of special value in this case [10].  

An interventional study in healthy, 
which were on a free diet, revealed that 
alkaline bicarbonate and calcium-rich 
mineral waters administration for 4 weeks 
decreased bone resorption [11]. In another 
investigation alkaline supplementation 
might suggested to be act as supportive 
therapy [12]. All the high-calcium mineral 
waters had absorbabilities equal to milk 
calcium or even slightly better. When 
tested, all produced biodynamic responses 
indicative of absorption of appreciable 
quantities of calcium (ie, increased urinary 
calcium, decreased serum parathyroid 
hormone, decreased bone resorption 
biomarkers, and protection of bone mass). 
A conclusion was made that high-calcium 
mineral waters could provide useful 
quantities of bioavailable calcium [13]. 
Calcium-rich mineral waters are an 
alternative to dairy products as their 
bioavalability is similar or even better. 
Bicarbonates are also considered to have a 
positive effect on bone metabolism. It is 
generally agreed that an adequate calcium 
intake is necessary for the acquisition of an 
ideal peak bone mass and for the 
maintenance of the bone mineral density in 
adults, in postmenopausal women, and in 
the elderly.  

These arguments allow to consider 
natural bicarbonate and calcium-rich 
mineral waters as an important component 
of prophylactic programs for the 
prevention of secondary calcium-deficit 
conditions. 

 
Aim 
The study was designed to evaluate 

the calcium and magnesium availability 
from the calcium-containing mineral water 
in order to determine whether calcium-
containing mineral waters may be used as 
an additional source of dietary calcium and 

to evaluate the possibilities of mineral 
waters intake for compensation of calcium-
deficit at patients with chronic 
gastroenterological diseases.  

 
Materials and methods 
Overall 110 patients with chronic 

gastroenterological pathology and risk 
factors of osteoporosis were observed.  

Evaluation of bioelements 
absorbability from a calcium- and 
bicarbonate-rich mineral water was studied 
by the dynamics of their content in the hair 
before and after the 24-day course of 
mineral water intake at 18 patients. The 
levels of calcium, magnesium, phosphor 
and iron were studied in the laboratory of 
the “Centre of Biotic Medicine” (Moscow) 
using atomic emission (Optima 2000 DV, 
Perkin Elmer, USA) and mass-
spectrometry with inductive argon plasma.  

The influence of three different 
calcium-containing mineral waters on the 
calcium-magnesium metabolism was 
studied. The average calcium and 
magnesium concentrations in the tested 
mineral waters ranged respectively from 50 
to 600 mg/dl and from 10 to 100 mg/l table 
1).  

92 patients (age 19 - 61 years) with 
digestive organs pathology and testified 
osteoporosis risk factors were examined. 
None of the patients had disorders or was 
taking medications known to affect 
calcium metabolism. The subjects were 
studied during their usual diet (dietary 
calcium intake of ≈800 mg/d). The levels 
of calcium, phosphor and magnesium in 
the serum were studied before and after 
course of mineral waters intake using 
biochemical analyzer Chemistry analyzer 
BioChem SA (USA). 

 
Results 
Biological availability of mineral 

elements was evaluated by the dynamics of 
their content in the patients’ hair, which is 
one of the most objective non-invasive 
methods of mineral metabolism 
investigation. The levels of micro- and 
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microelements in the hair corresponds to 
their concentration in the organism and 
reflects peculiarities of their metabolism 
whereas their blood concentration changes 
only transitorily because of complex 
homeostatic regulatory systems function. 
Hair is a metabolic active tissue of the 
organism and is characterized by certain 
dynamics of growth (0,2-0,5 mm daily). 
The level of bioelements in hair is much 
more higher than in serum. For example, 
the concentration of calcium in the hair is 
about 200 times higher, magnesium – in 30 
times higher than in serum. Hair represents 

an integral biologic and chemically 
homogenous structure. That is why its 
analyzing may be used for real elements 
absorbability evaluation [6]. 

Results of the patients’ hair 
analyzing before and after course of 
internal use of calcium- magnesium-, iron- 
and bicarbonate rich mineral water 
Soyminska revealed, that levels of all of 
the studied elements increased. Especially 
important was simultaneous increasing the 
levels calcium and iron, which is a 
problem for modern pharmacology [9] 
(Table 2).

 
 

Table 1 The main composition of calcium-containing mineral waters  
 

M CO2 HCO3 Na+К Ca Fe Mg H2SiO3Mineral water 
g/l mg/l 

Soyminska 7,51 1,9 3308,0 1611,7 564,0 7,3 91,7 28,5 
Shayanska 2,48 1,7 1,549 554,0 98,0 4,1 11,0 70,0 

Uzhgorodska 0,98 1,1 396,5 158,7 48,0 12,6 21,4 162,5 
Composition of mineral waters described by Kurlov’s formula*

Soyminska 
                                                      Cl 48-54 HCO3 46-52 

CO2 1,78-2,09 M 7,23-7,92 ------------------------------------ pH 5,8-6,3 T 12-13 0C 
Fe++ 0,005-0,010                  (Na+K) 63-68 Ca 27-30 Mg 7 
H3BO3 0,117-0,137 

Shayanska-242 
                                    HCO3 84-85 Cl 11-12 SO4 3-4 

CO2 1,62-1,69 M 1,98-2,48 -------------------------------------- pH 5,8-5,9 T 17,3-17,6 0C 
H2SiO3 0,058-0,070    (Na+K) 79-83 Ca 13-16 Mg 3 

Uzhgorodska 
                                                       HCO3 56-61 Cl 39-44 

CO2 0,84-1,09 M 0,77-0,80 -------------------------------------------- pH 5,6-5,7 T 15-16 0C 
Fe++ 0,011-0,013               (Na+K) 55-64 Ca 21-26 Mg 10-24 
H2SiO3 0,90-0,163 

 
Notes: *In balneology Kurlov’s formula describes the information about mineral waters. 
It is a pseudo-fraction, in which in the nominator we indicate anions, in the denominator 
– cations, which are present in the mineral water in concentrations not less than 5%-
equivalents (counting of 100% per cations and anions). Also we indicate other 
characteristic chemical components in g/l, gases and total mineralization in g/l. After the 
formula the values of pH and temperature (T) of the given water are presented. This 
formula simplifies the classification of mineral waters and allows reflecting their main 
characteristic physical-chemical peculiarities. 

 

 102



 

 Balneo Research Journal     DOI: http://dx.doi.org/10.12680/balneo.2013.1048     Vol.4, No.3, September 2013 
 

 

 
Table 2 Dynamics of bioelements’ concentration in the patients hair under the influence of 

the course of calcium- and iron-rich mineral water intake 
 

Concentration, µg/g 
Biolements 

Before treatment After treatment 

Dynamics 
(degree of 
changes) 

Statistical 
accuracy,  

Р 
Iron 31,3±5,4 45,8±4,3 +1,46 <0,05 
Calcium 1753,0±183 2606,7±317 +1,49 <0,05 
Magnesium 151,5±19,7 175,3±17,0 +1,16 <0,1 
Phosphor 143,9±4,8 161,6±7,0 +1,12 <0,1 

 
A certain difference exists also in the 

dynamics of the tested elements 
concentrations depending on their baseline 
levels – more distinct dynamics of calcium 
and magnesium was achieved at patients 
with lower concentration of these elements 
before treatment.  

No distinct difference in the 
dynamics of calcium, magnesium and 
phosphor levels in the serum and their 
urinary excretion under the influence of 
different types of mineral waters were 
found with a tendency of 3-5% elevation of 
calcium concentration (Table 3).  

 

Table 3 Dynamics of Ca, Mg, P in the serum under the influence of mineral waters with 
different concentrations of calcium and magnesium 

Mineral waters Elements 
Soyminska Shajanska Uzhgorodska 

Referent 
normal levels 

Calcium 2,16 + 0,09 
2,35 + 0,05 

2,39 + 0,04 
2,36 + 0,06 

2,43+0,06 
2,32+0,04 

Р > 0,05 > 0,05 > 0,05 
Deviations 0,75 - 2,8 

2,0 - 3,18 
1,85 - 2,90 
1,90 – 3,02 

2,07 – 2,70 
2,32 - 2,35 

 
2,5 – 2,75 

mmol/l 

Magnesium 0,79+0,04 
0,80+0,04 

0,82+0,02 
0,83+0,03 

0,83+0,02 
0,83+0,03 

Р > 0,05 > 0,05 > 0,05 
Deviations 0,51 – 1,3 

0,61 – 1,11 
0,62 – 1,17 
0,49 – 1,09 

0,64 – 1,07 
0,62 – 0,88 

 
0,7 – 1,2 
mmol/l 

Phosphor 1,05+0,05 
1,00+0,04 

1,01+0,04 
1,08+0,05 

0,95+0,04 
0,99+0,04 

Р > 0,05 > 0,05 > 0,05 
Deviations 0,67 – 1,73 

0,72 – 1,41 
0,71 – 1,36 
0,54 – 1,52 

0,46 – 1,22 
0,65 – 1,1 

 

 
0,81 – 1,55 

mmol/l 

Notes. Indices in the nominator – before, in the denominator – after the course of 
treatment, P – statistical accuracy of differences between these values. 

 
It was found that low gastric acidity, 

decreased exocrine function of pancreas, 
hypotonic dyskinesia of gallbladder and 
cholestasis of different origin, disturbances 
in the function of urinary system are 
associated with the decreasing the 

bioelements absorbability from the meals 
and their serum concentrations are close to 
the lower norm. Accounting these 
peculiarities the regime of mineral waters 
was developed.  
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All of used mineral waters 

demonstrated positive influence on the 
calcium-magnesium metabolism, elevating 
the concentration of these elements in 

serum and increasing the occurrence of 
physiologic (normal) levels of bioelements 
by the end of treatment (Table 4). 

 
Table 4 Normal levels of calcium, magnesium, phosphor in serum under the influence of 

drinking treatment (in % before and after treatment, М±m) 
 

Mineral waters 
Bioelements Referent 

normal levels Soyminska Shajanska Uzhgorodska 
Calcium 2,2-2,75 

mmol/l 
36,0±9,6 
68,0±9,3 

57,5±7,8 
72,5±7,1 

59,0±9,5 
81,5±7,5 

Dynamics (degree of changes) 
Р 

+1,89 
<0,05 

+1,26 
<0,01 

+1,38 
<0,01 

Magnesium 0,7-1,2 
mmol/l 

36,0±9,6 
44,0±9,9 

57,5±7,8 
65,0±7,5 

63,0±9,3 
92,6±5,0 

Dynamics (degree of changes) 
Р 

+1,22 
<0,1 

+1,13 
<0,05 

+1,45 
<0,01 

Phosphor 0,81-1,55 
mmol/l 

92,0±5,4 
84,0±7,3 

87,5±5,2 
92,5±4,2 

77,8±8,0 
74,1±8,4 

Dynamics (degree of changes) 
Р 

-1,10 
>0,05 

+1,06 
>0,05 

-1,05 
>0,05 

Notes. Indices in the nominator – before, in the denominator – after the course of 
treatment, P – statistical accuracy of differences between these values. 

 
The revealed effect quantitatively 

depended on the concentrations of 
bioelements in the serum at the beginning 
of treatment – the lower was the initial 
level of calcium the higher was the degree 
of its elevation and the occurrence of low 
concentrations of the element by the end of 
treatment. This regularity was more 
pronounced for calcium-rich mineral water 

of Soymi deposit, which has the higher 
content of calcium. The analogous inverse 
correlation existed for magnesium. The 
concentrations of phosphor were normal 
and didn’t change significantly after the 
treatment. The revealed effect depended 
also on the content of calcium and 
magnesium in the given mineral water 
(Table 5). 

 
Table 5 The correlation coefficient value between calcium and magnesium concentrations in 
the serum and degree of their elevation under the influence of the course of mineral waters 

intake 
 

Mineral waters 
Bioelements 

Soyminska Shajanska Uzhgorodska 
Calcium - 0,83 - 0,43 - 0,51 

Р <0,001 <0,05 <0,05 
Magnesium - 0,73 - 0,39 - 0,26 

Р <0,001 <0,05 <0,2 
Notes: Р – Достовірність коефіцієнта кореляції. P – statistical accuracy of correlation. 
 
 

 104



 

 Balneo Research Journal     DOI: http://dx.doi.org/10.12680/balneo.2013.1048     Vol.4, No.3, September 2013 
 

The obtained result of our 
investigation testify the positive influence 
of internal use of natural calcium-
containing mineral waters on the calcium-
magnesium metabolism. The revealed 
regularities might be accounted in the 
methods of differential balneological 
correction of disturbances in calcium 
metabolism and primary prophylactics of 
secondary calcium-deficit conditions.  

 
Conclusions. 
1.Investigation of bioavailability of 

calcium, magnesium and iron by the 
dynamics of their content in the hair 
testified high level of absorption of these 
elements from the natural mineral water as 
a result of its intake. 

2.Positive changes in the calcium-
magnesium metabolism may be achieved 
by internal use of mineral waters with 
different content of calcium. This fact 
testifies the dose-depending effect of 
bioelements pharmacological activity [8]. 
It is known that even in cases of absence of 
clinical manifestations of calcium-deficit it 
is necessary to consume additional 
amounts of calcium in a minimal daily 
dose of 50 mg. For this preventing purpose 
natural mineral waters with low 
concentrations of calcium may be used as 
an additional everyday source supplement 
of calcium. Mineral waters with higher 
content of calcium may be used in the 
programs of primary prophylaxis of 
osteoporosis in cases when clinical 
symptoms of calcium-deficit or high risk 
of osteoporosis. 

3.The positive effect of natural 
calcium and bicarbonate containing 
mineral waters on the calcium-magnesium 
metabolism at patients with digestive 
organs pathology quantitatively depended 
on the concentration of calcium and 
magnesium in the serum at the beginning 
of treatment and on their content in the 
mineral water.  

4.The results of the present study 
showed that bicarbonate and calcium – 
containing mineral waters represent an 

additional dietary source of calcium, which 
can provide over one-third of the 
recommended dietary intake of this 
mineral in adults. Bicarbonates are also 
considered to have a positive effect on 
bone metabolism. 

5.The revealed regularities serve as a 
basis for the differential use of natural 
mineral waters with biologically 
significant levels of calcium in the 
programs of primary prophylaxis of 
osteoporosis and compensation of calcium-
deficit conditions. Variety of natural 
mineral waters with different content of 
calcium and anionic – cationic composition 
[1] allow to combine different waters and 
methods of treatment according to 
individual peculiarities of the dominating 
gastroenterological disfunction and degree 
of calcium-deficit. 
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Abstract 
64 psoriasis patients with moderate to severe form of the disease in its stationary stage 

and associated pathology of main excretory and detoxification systems were investigated. All 
patients were treated according to two medical complexes (MC). 32 patients were treated 
according to MC-1, which included sulphide mud applications at temperatures 420 C for 10-
30 minutes; artificial brine baths of sodium chloride concentration of 60-120 g/l at a 
temperature of 380 C for 10-30 minutes; artificial ultraviolet irradiation up to 2 biodoses and 
daily (except Sunday) sessions of haloaerosoltherapy (artificial analogy of salt mine’s 
aerosol) lasting 60 minutes. The treatment duration was 3 weeks. Another group of patients 
(32 persons) received MC-2. This complex included procedures, according to MC-1, 
completed with additional internal use of carbonic middle-mineralised boric bicarbonate 
sodium mineral water Luzhanskaya-7 (the type of Vichy) with the aim of detoxification.  

It was found that complex recovery treatment based on non-medicinal factors - 
photobalneotherapy and haloaerosoltherapy (MC-1) has a positive effect on the clinical 
symptoms of psoriasis and immune status of patients. These positive changes were testified 
by the corresponding change in the PASI- index (Psoriasis Area and Severity Index), ∆PASI 
and dynamics of some immunological parameters. At the same time more pronounced 
positive dynamics of cutaneous manifestations of psoriasis and higher percent of patients with 
significant improvement by the end of treatment was achieved under the influence of MC-2. 
In addition, normalization of the neutrophils’ absorbtive capasity by the level of PhAN 
(phagocytic activity of neutrophils – percentage of neutrophils wich ingurgitate latex) and 
certain improvement of their oxygen-dependent metabolism was observed under the influence 
of MC-2. The level of CD3+- CD8+-lymphocytes had also a tendency to increase in the group 
of patients who received MC-2 in with contradiction to MC-1. A significant decrease of B-
lymphocytes level was also observed in this group of patients. The higher indirect 
imunorehabilitative effect of MC-2 including mineral water Luzhanskaya-7 intake enriched 
with sulfates may be conditioned by the corrective influence of mineral water on the 
functional digestive and urinary disorders, reduction of endogenous intoxication 
manifestations and antigens flow from the gastrointestinal tract to lymphoid follicles.  

Conclusion: The received data testified the expediency of non-medicinal 
supplementation of rehabilitation treatment of psoriasis patients by internal use of bicarbonate 
sodium mineral water in case of associated pathology and more severe immunological 
disorders.  
 

Key words: psoriasis, photobalneotherapy, haloaerosoltherapy, mineral water, 
immunity. 
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Introduction 
The steady increase of the 

incidence of psoriasis and high frequency 
of its severe, complicated forms, as well as 
a high level of rejuvenation of the disease 
are the ground for the actuality of scientific 
investigations concerning new 
technologies of treatment of patients with 
psoriasis. 

Scientists are still debating on the 
etiologic and pathogenetic value of 
different factors as the cause of the 
psoriasis and its progression. Most of them 
are inclined to believe that psoriasis is 
poly-etiological disease [12]. The most 
frequent provocative factors of the disease 
are stress, severe acute respiratory 
syndrome, some medications, professional 
risks, surgical intervention, skin’s trauma 
etc [12, 13]. A number of immunological 
disorders are developing under the 
influence of triggering factors, mainly in 
the presence of inherited genetic defects 
[14]. They stipulate epidermal 
hyperproliferative changes.  

However, skin manifestations, as it 
is known today, are only the external 
(superficial) signs of psoriasis. In fact, 
alongside with the skin lesion changes 
occur in the inner organs too [7]. This is 
testified by the high incidence of 
associated pathology in psoriasis patients 
[6, 8]. Lesions of cardiovascular system 
and development of metabolic syndrome 
are characteristic for psoriasis patients, but 
the most frequent is associated pathology 
of the gastrointestinal tract, hepatic-biliary 
and urinary systems [8, 10, 11, 15]. These 
changes promote further formation of 
endogenous intoxication syndrome, which 
reserves the pathologic process on the skin 
[2]. Although the non-specific character of 
intoxication syndrome in various 
pathological conditions, just the presence 
of associated pathology determines the 
pathogenesis and specifies the clinical 
picture of the main disease, provides 
intoxication syndrome individual-specific 
features [5]. Accounting the above 
mentioned the comprehensive treatment of 

psoriasis should combine medications for 
local and systemic therapy. On the stabile 
stage of the disease rehabilitations 
measures are expedient. 

Natural curative factors with multi-
component mechanism proved to be very 
effective in the rehabilitation of psoriasis 
patients [1, 9]. They contribute to the 
inhibition of psoriatic process by influence 
on the basic pathophysiological 
mechanisms of the disease. In addition, 
natural and preformed physical factors may 
correct associated pathology and have a 
mild effect on the immune system. A 
considerable detoxifying effect of drinking 
mineral waters of different composition 
was revealed in clinical investigations of 
patients with pathology of gastrointestinal 
and urinary systems. This effect was 
conditioned by the differential corrective 
influence of mineral waters on the main 
digestive and urinary dysfunctions [4]. 

 
Aim 
The main aim of our work was to 

develop a technology of rehabilitation 
treatment in psoriasis patients with 
associated pathology of the digestive and 
urinary systems on the base of natural 
factors of Transcarpathia (sulphide mud, 
mineral water, brine) and preformed 
physical agents (artificial ultraviolet 
radiation and aerosol medium of rock salt – 
haloaerosoltherapy).  

 
Materials and methods 
64 psoriasis patients with moderate 

to severe form in stationary stage of the 
disease and associated pathology of main 
excretory and detoxification systems were 
investigated. Age of the patients was from 
16 till 61 years old (39,9±1,5 years). The 
average duration of psoriasis was about 
15,2±1,32 years. All patients had 
undergone clinical, laboratory and 
immunological examinations. The 
dermatological changes were evaluated 
using PASI index calculation – Psoriasis 
Area and Severity Index. The clinical 
efficiency of the therapy was evaluated by 

 108



 

 Balneo Research Journal     DOI: http://dx.doi.org/10.12680/balneo.2013.1049     Vol.4, No.3, September 2013 
 

 

 
determining regression of this index under 
the influence of treatment by calculating 

the percent value of ∆PASI using the 
following formula:

  
                                      (PASI before treatment – PASI after treatment) 

∆PASI = ----------------------------------------------------------- ×100% 
                                                      PASI before treatment 
Significant improvement is determined at ∆PASI ≥ 76%, improvement – at 26% ≤ ∆PASI 
<76%, without therapeutic effect – at ∆PASI value <26% of its initial level [2]. 

Immunological examination 
included evaluation of non-specific 
resistance and cellular immunity. The non-
specific resistance was defined using 
phagocytic activity of neutrophils (PhAN – 
number of active cells per 100 
neutrophylls) and phagocytic number 
calculation (PhN – number of latex 
spheres, absorbed by one neutrophile). 
Inert latex spheres with a diameter of 1,5 
microns were used as a test system. In 
addition, a test was performed with 
nitroblue tetrazolium (NBT-test). This 
NBT-test (spontaneous and cycloferon 
induced) reflected the function of 
superoxide anion-radical and allowed to 
evaluate the antibacterial properties of the 
organism (FR – functional reserve). 
Cellular immunity was studied using the 
method of indirect immunofluorescence 
with monoclonal antibodies to human 
lymphocytes CD3+, CD22+, CD4+, CD8+.  

All patients were treated using two 
medical complexes (MC). 32 patients were 
treated using MC-1, which included 
everyday sulphide mud applications at 

temperatures 420 C for 10-30 minutes; 
artificial brine baths of sodium chloride 
concentration of 60-120 g/l at a 
temperature of 380 C for 10-30 minutes; 
artificial ultraviolet irradiation up to 2 
biodoses and daily, except Sunday, 
sessions of haloaerosoltherapy for 60 
minutes. The concentration of rock salt 
aerosol (haloaerosol) maintained within the 
15-30 mg/m3 the sizes of the salt particles 
were 10-30 microns while their content of 
the air was 50-60%. The treatment duration 
was 3 weeks with the number of treatment 
days about 15 - 17 for a course of 
treatment. Another group of patients (32 
persons) received MC-2. This complex 
included procedures according to MC-1 
with additional internal use of carbonic 
middle-mineralised boric bicarbonate 
sodium mineral water Luzhanska-7 (the 
type of Vichy) which has a positive 
influence on the main detoxifying organs – 
digestive and urinary systems. According 
to the Kurlov’s formula the main 
composition of the mineral water may be 
expressed as following:  

 
                                                                        HCO3 97 Сl 3 
CO2 2,2 Н3 ВО3 0,081 H2SiO3 0,051 М 8,1 --------------------- рН 6,6 Т12,6оС 
                                                                          Na 90 Ca 7 
Dry salt of magnesium sulfate (2-4 g per 1 
liter) was added to the mineral water. It has 
antispasmodic, sedative, diuretic effects, 
regulates the synthesis and catabolism of 
nucleic acids, anti-inflammatory, anti-toxic 
and desensibilizing effect, play role in the 
regulation of processes of cellular 
immunity.  

23 practically healthy persons 
formed the control group. The results of all 
laboratory methods were treated using the 

method of variation statistics with 
computer program Excel.  

 
Results 
Both MC had a positive effect on 

the skin manifestations of psoriasis – a 
gradual decrease in colour intensity, 
scaling, itching, and infiltration of psoriatic 
plaques with subsequent regression of 
lesions. These positive changes were 
reflected in the significant reduction of 
affected area and PASI index (table 1).  
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TABLE 1: Dynamics of cutaneous manifestations in psoriasis patients under the 
influence of rehabilitation treatment 

 
Indices and their units MC-1 (n=32) MC-2 (n=32) Р1-2

The affected area, %
    before treatment 
    after treatment  
    Р 

 
9,74±1,18 
6,08±1,04 

<0,05 

 
9,59±1,38 
4,93±0,65 

<0,01 

 
 

<0,3 

PASI, e.u.(equivalent unit) 
    before treatment 
    after treatment  
    Р 

 
11,4±1,23 
5,08±0,84 

<0,001 

 
12,0±1,42 
3,86±0,47 

<0,001 

 
 

<0,2 

∆ PASI, % 60,5±3,25 65,5±2,89 <0,3 
 
Notes: P – reliability of the difference before and after treatment; P1-2 – reliability of 

the difference after treatment between both MC. 
 
There was a certain difference 

between the clinical effects of two MC – 
under the influence of the MC-2 with 
mineral water intake compared with the 
MC-1 the tendency of reducing the 
affected area, index PASI, and the 
tendency of increasing the rash regression 
(∆PASI) was observed. After MC-2 a 

higher percentage of patients discharged 
with a significant improvement was 
registered (fig. 1), indicating greater 
effectiveness of this treatment complex as 
a result of its corrective influence on the 
associated pathology and reduction of 
endogenous intoxication manifestations. 

 
 
% 

21,8

71,8

6,4

31,2

65,6

3,2
0

30

60

90

signifficant
improvement

improvement without
changes

MC-1
MC-2

Fig 1. Clinical effectiveness of psoriasis patients’ treatment 
 
The positive clinical dynamics was 

associated with marked immuno-
modulation effects of both MC (table 2). A 
tendency of increasing the PhAN and PhN 
levels was registered indicating some 
improvement in the neutrophils’ 
absorbance. At the same time, indices of 

oxygen-dependent metabolism of 
neutrophiles and theirs functional reserve 
only slightly varied under the influence of 
this MC and remained significantly lower 
than normal. Normalization of PhAN, 
spontaneous NBT-test, the levels of 
stimulated NBT-test, and FR had only a 
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tendency to decrease in comparison with 
the normal values under the influence of 
MC-2. Comparing two MC revealed that 
the magnitude of PhAN after MC-2 was 
significantly higher than after treatment 
using MC-1. The percentage of formazan-
positive cells in the NBT-test also had a 
tendency to increase after MC-2 compared 
with the MC-1. These data indicated a 
higher immuno-modulation efficiency of 
MC-2 effects on non-specific defence 

mechanisms of the organism. This fact 
may be conditioned by the fact that 
additional internal use of mineral water 
(MC-2) promotes improvement of the 
functional state of the main excretory and 
detoxification systems. As a result, 
decrease of antigenic flow from the 
gastrointestinal tract to lymphoid follicles 
stipulated a positive effect on the immune 
system. 

 
 

TABLE 2: Dynamics of non-specific resistance indexes in patients with psoriasis 
under the influence of recovery treatment 

 

Indices and their units The control group (n=23) MC-1 
(n=32) 

MC-2 
(n=32) Р1-2

PhAN, % 
    before treatment 
    after treatment  
    Р 

52,7±1,50  
46,9±1,11** 
49,8±1,28* 

<0,1 

 
48,6±0,99** 
53,3±1,18 

<0,01 

 
 

<0,05 

PhN 
    before treatment 
    after treatment  
    Р 

3,76±0,08  
3,22±0,07** 
3,39±0,08** 

<0,1 

 
3,28±0,07** 
3,40±0,07** 

<0,2 

 
 
- 

NBT-spontaneous, % 
    before treatment 
    after treatment  
    Р 

25,0±0,75  
23,7±0,59** 
23,8±0,52** 

 

 
23,6±0,89** 
24,7±0,66 

<0,3 

 
 

<0,3 

NBT-stimulated, % 
    before treatment 
    after treatment  
    Р 

32,8±0,84  
30,2±0,76** 
30,3±0,70** 

 

 
30,0±0,79** 
31,7±0,71* 

<0,2 

 
 

<0,2 

FR 
    before treatment 
    after treatment  
    Р 

7,84±0,34  
6,56±0,41** 
6,84±0,28** 

 
6,34±0,32** 
7,03±0,35* 

<0,2 

 
 
- 

 
Notes:  
1) P – probability of difference of indices before and after treatment; 
2) P1-2 – probability of difference of data after treatment between different MC; 
3) * Tendency to changes of indices compared with the control;  
4) ** Valuable changes of indices compared with the control. 
 
Analyzing the treatment’ influence 

on cellular immunity indices it was found 
that effect was enough expressed for both 
MC (Table 3). This effect manifested in 
significant increase in the level of T-
lymphocytes and CD8+-cells in the 

background of decrease in 0-lymphocytes 
number and the ratio of CD4+/CD8+ to 
normal values. It must be underlined that 
after the MC-2 the increase of CD3+ level 
was more expressed, indicating the 
restoration of normal relation of the main 
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subpopulations of T-lymphocytes, certain 
normalization of T-cell differentiation and 
fading the autoimmune inflammation 
symptoms. At the same time, the level of 
B-lymphocytes in the group of patients 
treated according to MC-1 had a tendency 

to decrease whereas in another group 
treated using MC-2 their level decreased 
significantly. However, in both cases the 
number of CD22+-lymphocytes remained 
significantly higher than normal, indicating 
the presence of antigenic load on the body.

  
 

TABLE 3: Dynamics of cellular immunity indices at patients with psoriasis under the 
influence of recovery treatment 

 

Indices and their units  The control group 
(n=23) 

MC-1 
(n=32) 

MC-2 
(n=32) 

Р1-2

CD3+, % 
    before treatment 
    after treatment  
    Р 

66,4±0,59  
59,8±0,78** 
62,5±0,42** 

<0,01 

 
59,9±1,02** 
63,5±0,40** 

<0,01 

 
 

<0,1 

CD22+, % 
    before treatment 
    after treatment  
    Р 

13,6±0,31  
18,9±0,65** 
17,9±0,52** 

<0,3 

 
18,6±0,58** 
16,4±0,39** 

<0,01 

 
 

<0,05

0-лімфоцити, % 
    before treatment 
    after treatment  
    Р 

20,2±0,67  
22,4±0,92* 
19,6±0,85 

<0,05 

 
22,5±1,23* 
20,3±0,73 

<0,2 

 
 
- 

CD4+, % 
    before treatment 
    after treatment  

37,3±0,37  
35,4±0,76** 
36,0±0,41** 

 
36,5±0,81 

36,0±0,34** 

 
 
- 

CD8+
, % 

    before treatment 
    after treatment  
    Р 

28,6±0,38  
23,3±0,57** 
26,5±0,43** 

<0,01 

 
23,7±0,69** 
27,4±0,42** 

<0,001 

 
 

<0,2 

CD4+/CD8+

    before treatment 
    after treatment  
    Р 

1,31±0,02  
1,58±0,06** 
1,35±0,04 

<0,05 

 
1,57±0,06** 
1,33±0,03 

<0,001 

 
 
- 

 
Notes:  
1) P – probability of difference of indices before and after treatment; 
2) P1-2 – probability of difference of data after treatment between different MC; 
3) * Tendency to changes of indices compared with the control;  
4) ** Valuable changes of indices compared with the control. 
 
Thus it was found that the 

application of MC-2, compared with MC-
1, resulted in the tendency to increase the 
levels of CD3+-, CD8+-cells and a 
significant decrease in the level of B-
lymphocytes. This result testified the 
indirect intensification of immune 

influence of this complex by eliminating 
effect of mineral water intake on the 
endogenous intoxication at patients with 
associated gastroenterological and renal 
disorders.  
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Conclusions 
Marked clinical and immuno-

modulative efficiency of basic medical 
complex including photobalneotherapy and 
haloerosoltherapy (MC-1) was revealed 
consisting in considerable regression of 
psoriatic rush, improving of non-specific 
resistance and cellular immunity indices at 
psoriasis patients. At the same time more 
pronounced dynamic of psoriasis 
cutaneous manifestations and indices of 
immune reactivity were observed under the 
influence of MC-2 with mineral water 
intake. A greater percentage of patients 
discharged with a significant improvement, 
tendency to increase NBT-test, levels of 
CD3+- and CD8+-lymphocytes were 
characteristic for this group of patients. A 
significant increasing the level of PhAN 
and reduction the number of B-
lymphocytes was reached in comparison 
with the MC-1. These changes indicate a 
greater immuno-modulative effectiveness 
of this complex.  

High frequency of combined 
visceral pathology, including digestive and 
urinary organs in patients with psoriasis 
determine the expediency of additional 
drinking use of bicarbonate mineral waters 
as a component of medical complex. Their 
application makes it possible to stabilize 
the progression of the pathologic process 
in the skin by correcting the disturbed 
functions of the digestive and urinary 
systems and indirect effects on the immune 
status. 

Moreover the revealed positive 
dynamics of immune indices indicate the 
expediency of different non-medicinal 
methods use in order to obtain better 
immuno-rehabilitative effect at psoriasis 
patients. 
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Solotvino Resort located on the basis of 
salt mines is one of the oldest resorts in 
Transcarpathia. In 1986 in the resort the 
therapeutic effect of salt mines has been used 
and the underground branch of Allergic 
Hospital was founded [1-3]. Since the XIX 
century the method of hydrotherapy- salt lakes 
water application has been widely used, 
especially in the rehabilitation of patients with 
psoriasis [4-5]. These lakes are formed by karst 
and situated on the surface of the dome  of 
Solotvyno solid salt. 

Healing properties of salt lakes are due to 
physico-chemical and bacterial composition. So 
important is the study of physical and chemical 
properties of the water for the development of 
medical technologies and treatments of 
monitoring observations of the properties in 
terms of environmental issues. 

Temperature studies were carried out using 
the craft, directly on the lake with chromel-
aluminium thermocouples and resistive 
temperature sensors with an accuracy of 0.5 C. 

With specially made waterselector  water 
samples were taken from different depths of 
0.5m discreetness of different parts of the lake. 
Chemical analysis of water was conducted in 
the laboratory. Total mineralization was 
determined by conductometric method, and 
content of certain ingredients by potentiometric 
method using ion-selective sensors was made. 
The studies were conducted from August 1997 
up to the  present with intervals of one month. 

Table 1 shows the results of chemical 
analysis of water taken from different depths of 
Solotvyno Lake in March 2001. The obtained 
data show that the total mineralization and 
therefore the density of water is not uniform in 
depth. If the salinity of the surface layer of the 
lake is 15.53 g/dm3, the deepest point of the 
lake at a depth of seven meters by 153.64 
g/dm3, i.e with increasing depth. From the 
table one can see that the water is chlorided and 
in addition to salt it contains ions of calcium 
and magnesium. Moreover, the distribution of 
each element on the depth of the lake is an 
apportionment of the total concentration. 

 
 
TABLE 1. 
Chemical analysis of water. Solotvino, sampling 23.03.2001 

Cations g/dm3 Anions g/dm3 
№ 

Places of 
samplin

g 

Densi
ty 

g/cm3 K++Na
+ Mg2+ Ca2+ Cl- SO4

2- HCO3
- 

M, g/ 
dm3 

1 0 м 1,011 5.8178 0.0352 0,1644 9.0752 0.2882 0.1287 15.52 
2 1 м 1.064 35.7196 0.0826 0.5173 55.3020 1.1535 0.1220 92.90 
3 2 м 1.062 34.2260 0.0875 0.5614 53.1750 1.0359 0.1281 89.21 
4 3 м 1.066 36.4435 0.0875 0.5534 56.3606 1.3206 0.1342 94.91 
5 4 м 1.066 36.4487 0.0875 0.5534 56.3655 1.3315 0.1345 94.92 
6 5 м 1.080 45.1379 0.0899 0.5654 69.6593 1.5023 0.1403 117.10 
7 6 м 1.105 59.5948 0.1045 0.6857 92.1700 1.5459 0.1403 154.24 
8 7 м 1.104 59.3142 0.1094 0.7215 91.8135 1.5465 0.1403 153.65 
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A similar distribution of chemical elements 
in the deep water of the lake is observed in 
samples taken since 1997.  Fig. 1 shows the 
dependence of the density of salt water lake on 
the depth of the deepest point of the lake 
Kunigunda in different months in 2001. In this 
graph the considerable interest is that there is 

no linear increase of the total concentration 
throughout the depth, and at the same time is 
available plateau which is characteristic for 
almost all months in the calendar year. The 
difference between them is only the width of 
the plateau. 
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In order to determine the nature of this 

anomaly, temperature distribution measurement 
are performed directly in the lake depth. These 
results clearly indicate the presence of a 
temperature gradient in the depth of the lake 
which is characterized by a water layer with 
high temperature, Figure 2.  As can be seen 
from the graphs that layer of water lies below 
the surface depends on the season shifts in 
depth. Thus, during periods when the ambient 
temperature is low, warm layer of water rises 
closer to the surface, and in periods of high 
temperature - goes deeper. In winter, an 
anomalous temperature variation in lake water 
generally can almost disappear (Fig. 3). The 
presence of a layer of water with anomalous 
with respect to freshwater lakes, the 
temperature distribution with depth is observed 
across the salt lake area and depth of 
occurrence of the same in one and the same 

time. This fact indicates the absence of thermal 
springs within the lake, which could cause an 
abnormal course of the temperature 
dependences. 

Periodic monitoring, sampling and 
chemical analysis of samples during the years 
1997-2001 showed that the water level in the 
lake and the distribution of the total salinity is 
not constant. In Fig. 3 it is shown the 
distribution of the density of the water depth of 
the lake in different years. As can be seen from 
the graphs the total mineralization decreased 
substantially. At the same time, the distribution 
of density with depth has not changed. In Fig. 4 
it is shown the temperature distribution of 
water in the lake at the above period, from 
which it is seen that the course of the 
temperature anomalies in lake hardly changes 
despite a significant decrease in the salinity of 
water.  

Fig.2 The distribution of water 
temperature on the depth of the 
salt lake 

Fig.1 Dependance of the density
of water from the depth in the 
salt lake Kunikhunda in 2001 

Fig. 3 The distribution of the 
density of water on the depth 
of the lake in different years 

Fig.4 The distribution of  water 
temperature on the depth of the salt 
lake in different years 
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This fact also does not speak in favor of 
the physical and chemical nature of the 
anomaly. The only exception is the sample 
taken in September 1999, an analysis which 
showed that water throughout the depth of the 
lake is homogeneous and its total concentration 

was ~ 150 g/dm3. This is obviously due to the 
fact that during this period there was an 
accident in Solotvyno mines and almost 
saturated solution of salt partially fell into the 
lake.

  
Table 2.  

Chemical analysis of water. Solotvino, sampling 10.11.2003  
Cations g/dm3 Anions g/dm3 № place of 

sampling K++Na+ Mg2+ Ca2+ Cl- SO4
2- HCO3- 

Cations 
g/dm3 

1 0 м 28,8438 0,0608 0,5093 44,9222 0,7520 0,1220 75,21 
2 2м 63,4439 0,1361 1,0426 98,6928 1,7484 0,1220 165,19 
3 7м 66,4856 0,1361 1,0506 103,4573 1,6579 0,1220 175,91 
 

 
In summer 2003 the lake began to drain 

with the water pumped from the mine #9. Table 
2 shows the results of chemical analysis of 

water from different depths (the sample was 
taken 10.11.2003). As you can see the total 
mineralization of water began to rise.
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In Fig. 5 it is shown the total 

mineralization of water in a depth of 2m during 
2002-2006. Total mineralization increased from 
2003 to 2006. In 2006 it began to stabilize and 
remains at that level today. For 2003- 2005 the 
temperature gradient is decreased and only 
since 2006  it began to grow.  Fig. 6 shows that 
the layer with anomalous temperature rose 
closer to the surface of the lake. 

In water samples taken in the lake in the 
laboratory for special culture medium was 
carried out to highlight the seeding bacteria. 
The results are shown in Table 3. 

Strain was isolated halophilic 
Halobacterium solinarum, containing 
bacteriorhodopsin (BR). Halophilic bacteria, 
mostly sticks with a diameter of 0.5 microns 
and a length of 3.10 (Fig. 7). At the opposite 
ends of the cell there are flagella with the help 
of which it moves. Bacterial membrane consists 
of protein-lipid bilayer. For this membrane 
fraction, purple membrane was isolated 
consisting of fragments of shell membrane, 
which contains hundreds of thousands of 
protein molecules, in biochemical properties 
similar to visual rhodopsin molecule and, 
therefore, was later named bacterial rhodopsin.

 
 
 
 

Fig.5 The distribution of  water density on 
the depth of the lake in different years. 

Fig.6 The distribution of  water temperature on the 
depth of the lake in different years. 
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Table 3. 
The amount of bacteria and temperature on months. 

march april june july august septembe
r october november 

h, 
м bacter

ia /мl t 
bacte

ria 
/мl 

t 
bacte

ria 
/мl 

t bacter
ia /мl t bacteria 

/мl t 
bact
eria 
/м 

t bacter
ia /м t кфо/

мл t 

0 2,5 х 
103 8 103 15 2 x 

103 19 3 x 
105 27 5 х 103 28 105 19 104 17 2,5 х 

103 
9,5 

0,5 3,4 х 
104 13 1,2 x 

102 
18 1,6 x 

104 19 5 x 
105 27 9 x 105 27,

5 
1,7 x 
106 19 5 x 

104 
23
,5 

2,1 х 
103 

12 

1 2 х 
103 15 2,5 x 

103 
25 1,1 x 

104 23 103 27 8,1 x 105 27,
5 

8 x 
105 19 4,2 x 

104 25 102 13 

1,5 5 х 
103 15 4,6 x 

103 
25 1,5 x 

104 31 103 27 1,9 x 105 27,
5 

5,5 x 
105 19 3,4 x 

104 25 102 14 

2 4 х 
103 14 4,3 x 

103 
23,5 2 ,2 

x 104 36 5,5 x 
105 

28
,5 2,8 x 104 28 2 x 

105 19 2,3 x 
104 

24
,5 

4 х 
102 

14 

2,5 4,5 х 
103 13 2,25 

x 103 
21 2,5 x 

104 32 2 x 
105 

32
,5 4,2 x 105 28 4 x 

104 
19
,5 

2,1x 
103 23 2 х 

102 
14 

3 3 х 
103 13 5 x 

102 
19 2,3 x 

104 30 5 x 
104 33 2,6 x 105 29 2 x 

103 23 1,6 x 
103 23 1,2 x 

103 15 

3,5 3 х 
103 13 3 x 

102 
18 2  x 

104 28 7,4 x 
103 32 5 x 104 29,

5 
1,6 x 
103 24 1,2 x 

103 23 1,5 x 
102 19 

4 5 х 
103 13 6,5 x 

102 
17,5 2 x 

104 24 5,3 x 
103 

29 3,6 x 103 29 1,2 x 
103 25 1,1 x 

103 23 1,3 x 
104 23 

4,5 2,6 х 
102 13 3 x 

102 
17,5 1,3 x 

104 23 4 x 
103 

27
,5 2 x 103 28 103 25

,5 103 23 2,1 x 
103 

23 

5 3 х 
102 14 2,8 x 

102 
17,5 7  x 

103 22 3,3 x 
103 26 1,5 x 103 26 103 24

,5 103 24 9,4 x 
103 

22 

5,5 3 х 
103 14 2,3 x 

102 
17,5 5 x 

103 22 2,3 x 
103 24 103 24,

5 
6 x 
102 23 8,1 x 

102 
23
,5 

1,7 x 
103 

22 

6 3 х 
102 15 2,5 x 

102 
17,5 3 x 

103 22 3,1 x 
103 24 103 24 3 x 

102 22 3 x 
102 23 9,3 x 

102 22 

6,5 4 х 
102 15 2 x 

102 
17,5 2 x 

103 21 4 x 
103 

22
,5 103 23 2 x 

102 
22
,5 102 22

,5 
9,2 x 
102 

22 

7 5 х 
102 15 102 17    22 102 22 1,5 x 

102 
21
,5 102 21

,5 
1,7 x 
102 

21,5 

7,5         102 22 102 21 102 20 2 x 
102 

20,5 
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Figure 7. Schematic representation of Halobakterium solinarum. 

 
Fotoenergetic Bacteriorhodopsin acts as a 

transducer which accumulates energy quanta in 
a form directly accessible to living cells. The 
energy distribution of solar radiation is 
maximum in the yellow-green region of the 
visible spectrum. The absorption spectrum of 
bacteriorhodopsin shows that the maximum 
absorption of light energy for halophilic located 
in the same area. But after illumination bacteria 
yellow-green portion of the visible spectrum 
absorption band of bacteriorhodopsin energy is 
transformed so that the absorption maximum 
shifts to long-wavelength ultraviolet area of the 
spectrum (UVA-spectrum). 

Bacteriorhodopsin under light makes the 
transfer of photons from outside the cell. 
Formation of Bacteriorhodopsin (absorption 
maximum 560 nm), 412 intermediate 
(absorption maximum 412 nm) is associated 
with a proton from the chromophore and 

subsequent discharge it outside the cell [5,6]. 
Obviously halobakteria in this active state may 
well improve performance, and the effect of 
ultraviolet radiation on human skin, leading to 
increased photosensitivity  of skin. As one of 
the therapeutic factors in therapy is that the the 
lake has healing effects of solar radiation, the 
"correction" of halobakteria that remain on the 
skin after bathing, the perception of its 
ultraviolet spectrum is perhaps one of the main 
therapeutic factors among a number of factors 
of balneotherapeutic lake. 

In bacteriorhodopsin, halofilic cells 
synthesize proteins, nucleic acids, carotenoids, 
lipids, glycerol, kardiolinin, glycolipids, 
vitamins A, E, C, beta carotene, B1, B2, B3, 
B6, D, PP. Almost all halobakteria with yellow, 
orange or purple color. This is due to a high 
content of carotenoids in their tissues that 
protect the bacteria from harmful UV radiation.

 

 
Figure 8. Detail of single purple membrane. 

 
Today, the biotechnology laboratory of 

Uzhgorod National University reproduced 
method of growing halophilic bacteria in 
artificial conditions. Extreme halofilics for 
growth and development requires special 
medium with a high salt content of Na, K, Mg 

and organic additives. The cultivation of 
biomass is produced within 7 days. Climate 
cabinet CC designed for fast growing bacteria 
in artificial controlled conditions. Cultivation 
system consisting of six plane-parallel ditch (10 
liters of medium in a cuvette) lamp lighting 
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LH-40, power supply and clean air bubbler, 
temperature controllers. Photo of one of the 
ditch in working condition is shown in Figure 
9. Performance of the system is more than 300 
grams of biomass per month. 

To enable long-term transportation and 
storage without loss of medical properties the 
device is designed and setup for freeze-drying 
of biomass halophilic bacteria in sterile 
distilled water and 10% aqueous solution of 
sodium chloride. Cool-dehumidified supply 
used for suspension of bacterial lysates for 
subsequent  applications and organization of 
artificial treatment ponds. 

Based  on SRO "Rehabilitation" conducted 
research on the use of lysates of cells as a 
biological photosensitizer. The standard UV 
light irradiated two symmetrical parts almost 
untanned healthy skin without visible 
pathological areas, one of which is 

superimposed applications of 1%, 2.5%, 5%, 
10%, 15% solution of lyophilized culture of 
halophilic bacteria [strain 353 - L] prepared in 
Laboratory of Biotechnology Uzhgorod 
National University. Another area of skin was 
considered the controlled one and was intact. 
For standard exposure time was taken 2 min. 
After 24 hours a slight redness (erythema) of 
the skin were found at the site, which was 
applied 5% solution of culture halophilic 
bacteria and at the site of 10% and 15%, 
respectively, erythema was greater. For 
untanned skin redness without any application 
it was required UV irradiation for 3-4 min. 
Application of halophilic bacteria reduces 
erythema dose increases photosensitivity  of the 
skin without apparent adverse effects. A 5% 
solution of halophilic bacteria lysate was most 
appropriate.

 

 
Figure 9.  Cuvette cultivator during cultivation of halophilic bakteria. 

      
On the basis of SRO "Rehabilitation" 

(Uzhgorod) artificial treatment ponds for 
treatment of psoriasis were developed [7]. The 
complex procedures are brine baths, mud baths 
and artificial ultraviolet irradiation of two 
biodoses. According to the research it can be 
concluded that in addition to the above 
procedures to treat psoriasis the applications of 
halophilic 5% lysate were added, followed by 
UV irradiation and thus to approximate the 
treatment of psoriasis in the bath complex of 
SRO "Rehabilitation" to the natural one 
conducted in the village of Solotvino during 
treatment at Lake Kunihunda. 
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ABSTRACT Demographic imbalance pyramids and strong growth of the population aged 

over 65 years are a serious challenge for the humankind [1,2,5,9] and the scientific community is 
called to respond to these challenges by maintaining the health of the elderly population to 
benefit from the positive role and experience that these people may have as emphasized also in 
the Healthy People 2020 program [4]. In this context, the development of bio-medical social 
programs for the elderly should be a priority of the government sector. In scientific terms is 
impetuous necessary to identify the relevant biomarkers of aging, to reveal biological targets 
upon which the medical act to be possible, resulting in a favorable adjustment of these 
mechanisms for decreasing aging rate, preventing the development of pathological processes or 
aging complications and giving individuals a positive social role [2].  

 
Currently, health is understood as 

the removal of diseases in a defensive 
manner to the pathological process and 
with higher costs. Would be more 
effective the maintenance of health 
through prevention mechanisms identified 
by modern science [2,6].  

The study of the mechanisms by 
which various natural or health factors can 
influence positively or negatively the 
aging process opens the path to design and 
obtain new products for the benefit of 
elderly people to maintain health for a 
long time and so to have socially active 
and positive role for others. Modern 
biotechnology allows today obtaining 
effective geroprotectors with medical use 
by which we can achieve the searched 
healthy-aging effect [2.12]. 

Analysis of numerous theories of 
aging [2,3] highlights several paradigm 
shifts of the researchers concerned with 
this area as a consequence of gradually 
scientific and technological development 
of the process [2]. Scientific research 
proposed for evaluation of the new 
therapeutic products will help to increase 
the knowledge in the field of geriatrics and 

gerontology, areas where Romania has 
played an essential role in the discovery of 
Gerovital by Professor Ana Aslan.  

If early theories of aging were 
centered at the level of organ dysfunction 
or systemic level of the body, the current 
theories see dysfunction of the cellular and 
molecular mechanisms [10]. Such modern 
approach reduced the differences between 
the existing theories on the mechanism of 
aging, emphasizing their complementary 
elements, but at the moment there is no 
integrative theory for post-reproductive 
ontogenetic development that can explain 
all the processes involved in the 
multiplicity aspects of aging [10] 

 Post-reproductive ontogenetic 
concept based on synergistic and 
antagonistic interactions of genetic and 
phylogenetic processes involved in 
reproduction and development involves a 
reorganization of the regulatory developed 
evolutionary processes and ensures the 
body adaptation to internal and external 
factors, after reproductive function 
consumption. Thus, correction and 
rescheduling particular functions comes as 
a compensation to loss or damage of other 
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processes with impact in the aging 
mechanism [2,3]. 

Aging is a degenerative process 
[11], extensively studied for which many 
theories have been formulated [10] which 
has as a target scheduled or non-scheduled 
nature [2,3,10,13, 44]. 

Programmed aging theories are 
subdivided into three conceptual 
subcategories [2,13,14] genetically 
programmed longevity theory which 
assumes that aging is the result of starting 
or stopping certain genes being included 
the role of genetic instability (shortening 
of telomeres) in the dynamics of aging 
processes [14, 17]; endocrine theory - 
according to which aging is governed by a 
biological clock whose function is 
regulated by endocrine mechanisms, 
including insulin-like growth hormone 
IGF-1 plays an essential role [2,3,14]; and 
immunity theory which states that the 
immune system can be programmed by a 
decrease in its functionality, 
immunosenescence, which will lead to 
increased susceptibility to infectious 
diseases, respectively aging [15,16,25,26].  

Theories which put the aging 
process due to internal and external 
environmental factors [10] are Wear and 
Tear Aging Theory according to which 
cells and tissues become aged over time 
[2,14]; vital level activity theory - which 
states that a high level basal metabolism 
leads to a shortening of the life of the 
organism [2,14]; cross-linking theory 
presented by Bjorksten (1942) according 
to which the cumulative chemical 
interchange of important macromolecules, 
including collagen, causes aging [2,14]; 
somatic DNA damage theory [47] which 
considers that aging results from genetic 
integrity degradation of somatic cell as a 
result of mutations registered both in the 
nucleus and in the mitochondria 
[2,13,14,44]; and free radicals theory 
which stipulates that the superoxide and 
other free radicals destroy the molecular 

components of cells and thus alter their 
normal function [11]. 

Reactive oxygen species (ROS) are 
probably the most significant free radicals 
with major implications in damage and 
cells and body aging [19,20]. Free radical 
theory is currently considered the  most 
acceptable explanation of aging [19], 
although recent data obtained on a set of 
transgenic mutant SOD2 + / - or Mclk1 + / -  
mice disprove the central dogma of the 
theory [11]. In 1957 Harman proposed the 
idea that a general process of accumulation 
of oxygen free radicals negatively affects 
internal environmental factors and changes 
genetic factors, mechanism responsible for 
aging and death of all living things. The 
theory was revised in 1972 when was 
showed that mitochondria is the main 
center of some chemical reactions that 
generate free radicals.  

Considering the aging being a 
gradual loss of functional adjustment of 
some complex multifactorial biological 
processes, the individual genotype sure has 
an impact on the rate of aging. However, 
there are not identified genetic markers of 
the aging process, although in the last 20 
years, sustained efforts have been made 
[11,12,18]. 

Characterization of the rate of aging 
of the body employs the concept of 
biomarker of the aging [21,24,27], defined 
as quantitative or qualitative biological 
parameter that allows the prediction of 
functional status of the organism to a 
particular moment of its existence [22,24]. 
In this context, experts in the field suggest 
parameters that aim the age of nervous, 
cardiovascular, respiratory or excretory 
system and even advancing proposals for 
estimating the biological age of the cell. In 
humans, the biological age is surpassed by 
the psychological age, the intellectual age 
and the social age. 

Specific combination of some 
parameters considered biomarkers of the 
aging process and the use of refractive 
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index as optical parameter to assess the 
biological status of the body, mathematical 
interpretation of the data by using a 
patented analysis method for bioclinical 
informations previously developed by 
members of the research team, lead us to 
consider that the efforts to identify the 
optimal set of biomarkers will represent a 
landmark for scientific research in the 
gerontology area. 

Several authors have discussed the 
criteria for selection of some biomarkers 
of aging, emphasizing the following 
critical points that they should fulfill [23]: 
aging and longevity rate  prediction, 
quantitative monitoring the biological 
quality of the body by parameters by 
which the determination will not harm the 
integrity of the organism, the data obtained 
must be reproducible and comparable for 
different species of laboratory animals and 
with relevance for humans [23,25,27,28]. 

Among the main biological markers 
used to predict the biological age and 
longevity, the American Federation of 
Aging Research suggests as the set of 
biomarkers of aging [27]: systolic and 
diastolic blood pressure, the heart rate at 
rest, total cholesterol, HDL and LDL 
cholesterol, lipid levels, blood glucose, 
body mass index [26], abdominal obesity 
index, T lymphocytes level, cortisol level 
and electrocardiogram. 

Alostatic overstressing index [23] 
proposed by McEwen and Stellar 1993 
denotes the body's dysfunctional response 
to chronic stress and reveal increased 
levels of adrenaline, noradrenaline and 
dopamine hormones [2]. This index was 
used by Karlamangla and collaborators in 
a recent study of mortality in people aged 
over 70 years, pursued over a period of 4.5 
years. Patients with an alostatic 
overstressing increased index present a 
much higher risk of mortality. Thus, the 
study concludes that a uniform increase of 
alostatic overstressing index (normally 
located between -1.7 and 1.4) leads to an 

increase of 3.3 times in mortality 
measured in the range of 4.5 years. 

The so-called matrix protocol [2] 
of aging biomarkers used by the 
International Institute of Longevity 
Montclair (New Jersey) determines the 
rate of aging on four levels: 

I. the overall functionality of the 
body measured by the ratio of weight and 
level of fat, flexibility, aerobic endurance, 
bone density, tactile response latency, 
forced expiration volume, vision and 
hearing [27]; 

II. functioning at the cellular level 
monitored at the skin level by determining 
the cytoarchitecture changes of basal 
membrane, epidermal turn-over, sebaceous 
glands architecture, microvascular 
changes, collagen ratio, elasticity of the 
fibers [28]; 

III. the molecular level consider the 
growth and thyroid hormone level but also 
of coenzyme Q10, sensitivity to insulin, 
the heat shock proteins level, the 
oncogenes level in the blood, serum level 
of antioxidants [25]; 

IV. at DNA level is studied the 
position and size of telomeres (set at WBC 
level) and the accumulation level of 
mutations in the genetic material. 

The researchers from the 
International Longevity Institute are 
currently working on a new laboratory 
chemistry test that should reflect the 
damage level of DNA and should bring 
science-based predictions regarding the 
therapeutic value of anti-aging 
interventions through the mutational 
changes occurring in the somatic genetic 
material [2, 28, 29]. 

Telomeres damage can be assessed 
indirectly by measuring some biomarkers 
that correlate with their shortening [28]. 
Thus, Jiang and Rudolph analyzed the 
telomeres shortening mechanism and the 
rate of aging in several organs and tissues, 
identifying four proteins whose expression 
increases in relation to telomere 
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shortening, as these: Cathelcidines from 
macrophages and polymorphonuclear 
leukocytes lysosomes activated by 
bacterial infection; Chitinaza 3 like3 (Chi 
3L3) involved in the initiation of immune 
response; elongation factor 1α (EF-1 α) - 
which controls protein synthesis in human 
fibroblasts and Stathmins - which control 
the intracellular microtubules stability, cell 
motility and mitosis [2]. 

The concept of oxidative stress 
caused by free radicals or generation 
systems of such radicals in concentrations 
that exceed antioxidant defenses capacity, 
represents the basis of taking into account 
as biomarkers of aging, physiological and 
molecular indicators of oxidative stress. 
Carbonylate proteins represent, in this 
context, an example of the use of oxidative 
stress indicators as biomarkers of aging [2, 
25]. 

Many scientists consider the 
accumulation of carbonyls proteins in 
erythrocyte membrane as an indirect 
marker of aging and the ferro-reduction 
antioxidant potential (FRAP) in blood 
plasma as an indicator of the body's 
antioxidant defense capacity [2]. The 
oxidative and reductive activity of 
enzymes that act on glutathione, 
thioredoxin and other substrates of interest 
in the oxidation-reduction process reflects 
not only the level of antioxidative 
protection but are probably relevant 
biomarkers for aging rate. 

It has been suggested that 
microheteroplasmy could explain some of 
the pathological mechanisms related to 
aging such as diabetes, cardiovascular 
diseases, Parkinson, Alzheimer, cancer 
[2,23]. 

Mobile genetic elements (MGE) for 
whose description geneticist Barbara 
McClintock received the Nobel Prize in 
1983 have been proposed as components 
of genetic instability and on these 
considerations as factors of cellular 
senescence for many species, with effects 

that include impaired gene expression and 
age-related disorders in cell physiology, 
blocking cell growth and eventually cell 
death or blastic transformation. According 
to this hypothesis, aging is correlated at 
the cellular level with the trasposonic 
activity whereby a DNA sequence copy 
remains at its predetermined site in 
nucleus while the second copy, called 
transposon, can move to different locations 
in the genome [2]. 

NADH and FADH coenzymes - 
critical components of energetic transport 
in mitochondria may represent, by their 
expression level, biomarkers of 
mitochondrial activity and indirectly of 
senescence and body age. Their 
measurement can be made currently by 
polarizing microscopy techniques or by 
fluorescence [2]. 

Heat shock proteins (HSP) are other 
biomarkers of aging, and there are studies 
showing that the change of these proteins 
expression correlates with changes in 
longevity, experimentally described in 
Caenorhabditis elegans [2]. 

Apolipoproteins synthesized in the 
liver and intestine are involved in the 
transport of cholesterol and triglycerides in 
the blood, are considered more eloquent 
predictors of death by coronary heart 
disease [23]. Particularly, apolipoprotein 
A1 that transports HDL cholesterol shows 
an inverse correlation with the risk of 
death by coronary heart disease, a high 
level being associated with a decreased 
risk while apolipoprotein B responsible for 
LDL-cholesterol transport has a direct 
correlation, the high level indicating a high 
risk of death. The ratio of the two 
apolipoproteins is, therefore, an influential 
indicator for the rate of aging [23]. 

Interleukin 6 - IL6 is a 
multifunctional cytokine that plays an 
essential role in acute inflammation stage. 
Although normally in the absence of 
inflammation can not be detected in blood 
samples over time by losing his regulation 
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expression, the expression level increases 
with age [22,23]. 

Growth hormone, secreted by the 
pituitary gland has a decreasing level with 
age of the body being registered a decrease 
by 14% every decade after the age of 20-
25 years and reaches half around the age 
of 60 [2, 21,22,26]. 

Measuring the refractive index of a 
biological sample [96] is a relevant optical 
parameter used in the diagnosis and 
treatment [95], being an indicator of 
changes in the level of hydration, of the 
biological age of the sample or the level of 
intracellular dysfunction [93]. The 
refractive index measured in the serum of 
Wistar rats shows a time-dependence 
being measured an increase of 1,34136 
from birth to 1.35175 (250g) to adulthood 
[94]. The effective refractive index of a 
single cell [101] is determined by the 
refractive index of cellular constituents, 
and its determination provides us data on 
the size and volume of the cell, nucleus 
volume, setting of certain dysfunction at 
the cellular level [97,99,100]. 

Using the Kramers-Kronig relations 
allows quantifying time dependent 
changes of the refractive index starting 
from reflectance measurement of samples 
that can be made both in biological serum 
samples or culture medium [99] but also at 
the skin surface [98]. Therefore, we can 
consider as a biomarker of aging the 
refractive index of blood serum and in the 
skin and will correlate the application of 
the developed treatments in the project 
with the change of this index. 

Lifespan extension possibility was 
experimentally demonstrated for many 
geroprotector substances, including 
antioxidants [75], latirogene, chelating 
agents (carnosine [53]), adaptogens, 
neurotropes, monoamine oxidase 
inhibitors, dehydroepiandrosterone, sexual 
hormones, growth hormone, melatonin 
[50], preparations from the pineal gland, 
protease inhibitors, antidiabetic agents, 

thymic hormones, immunomodulators, 
superoxide dismutase and catalase 
mimetics, enterosorbents, etc.. [47]. 
According to several authors, there are not 
geroprotectors with antiaging effect with 
unquestioned efficiency, scientifically 
proved, there are not a few cases of 
supposed geroprotector substances whose 
long term effects have proved difficult to 
predict initially [2]. 

In the past years, a new area of the 
gerontology becomes important, that of 
studying the so called HORMESIS 
mechanisms by which substances 
classified as toxic or very harmful, in 
subliminal doses, may have geroprotector 
effects, currently being numerous 
scientific investigations undertaken this 
regard [2, 35]. 

Reducing calorie intake has been 
shown experimentally to be a certain 
antiaging behavior [31,58]. Studying the 
mechanisms by which calorie intake 
reduction influences senescence and 
longevity rate in experimental animals 
[82], researchers have correlated this 
required behavior with reduce plasma 
levels of insulin [81], increase insulin 
receptor sensitivity, low body temperature, 
cholesterol, triglycerides, alpha-
lipoproteins, blood pressure and an 
increase in HDL cholesterol. Setting all 
these processes is experimentally 
correlated with the expression of some 
genes called sirtuins existing phylogenetic 
from yeast and to humans [39]. Sirtuins 
are enzymes such as deacetylase and ADP-
ribosyltransferase, whose name derived 
from Saccharomyces cerevisiae, where 
they were discovered. In mammals sirtuins 
family consists of seven genes of this type, 
called Sirt1 to Sirt7. Recent researches 
seek to identify their role in cell 
physiology and mechanisms or molecular 
agents by which can be influenced their 
activity [31,32]. 

In 2011 there have been globally 
described 30 substances with geroprotector 
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properties, along side Gerovital - 
Romanian geroprotector product prepared 
by Prof. Ana Aslan in 1951, based on 
anesthetic procaine, noteworthy resveratrol 
and other polyphenols of plant origin [30], 
Rapamycin, antioxidants (vitamins A, C 
and E, carotenoids, lipoic acid, coenzyme 
Q, selenium, etc.), hormones (GH, thyroid 
hormones, adrenal and sexual hormones, 
melatonin [50]), bioregulatory peptides 
(timalin, epithalmin), biguanides 
(metformin, fenformin) [77], adaptogens 
(ginseng [48]). 

Sirolimus or rapamycin, described 
as immunosuppressive and antitumoral 
drug has been shown to be also an anti-
aging drug [41] whose goal is the TOR 
gene in yeast [43] and mTOR gene, its 
mammalian correspondent, also known as 
FK506 factor or FRAP1, a 
serine/threonine kinase that regulates cell 
growth, viability, mobility, protein 
synthesis and gene transcription [31,45, 
78]. Rapamycin, according to recent 
studies, may act preventively in 
atherosclerosis, hypertonia and 
hypercoagulation, thus preventing 
myocardial infarction, cardiovascular 
accidents, osteoporosis, cancer, 
autoimmune diseases, arthritis, fat 
diabetes, Alzheimer and Parkinson 
diseases [31,42,45]. 

Data from the specific literature 
shows that biguanides, particularly 
metformin [56.77], used in the treatment 
of type 2 diabetes due to their ability to 
inhibit gluconeogenesis and to determine 
the increase of sensitivity to insulin may 
also have geroprotective effects [56]. 

2 deoxyglucose [78] is a glucose 
analog that absorbed by cells determine 
glucose inhibition resulting in decreased 
cellular energetic metabolism, situation 
that mimics calorie restriction. Data 
concerning the geroprotectection of this 
substance is not yet relevant. 

Antioxidants such as α-tocopherol, 
ascorbic acid, retinol, ubiquinone, 

selenium, as endogenous compounds or 
numerous synthetic molecules, intervene 
in gerossuppresion based on the aging free 
radical theory [87]. 

Resveratrol is the best known 
current geroprotector, discovered in 2003, 
present in high concentrations in the 
epicarp, seeds and stalk of grapes and 
subsequently in red wine [30,33], for 
which Romania is famous and is specified 
in collections, among other things, or in 
roots of Polygonum cuspidatum [2]. It is a 
natural phytoalexin used by certain plants 
in defense mechanism against pathogens 
such as bacteria and fungi, currently 
extensively studied, and that can influence 
the expression of sirtuins [35,37]. Since its 
discovery in 2003 until today there were 
registered worldwide over 2,000 
experimental studies on resveratrol, and 
there are laboratories focused on the study 
of this substance [2]. 

Preclinical studies on resveratrol 
demonstrated an increase in the longevity 
of S. cerevisiae of 70% by cultivation in a 
medium containing 10 mM resveratrol, of 
20% in C. elegans and 29% in Drosophila 
melanogaster by treatment with 100 mM 
resveratrol [39, 40]. 

In studies on laboratory mice, 
resveratrol at doses around 20 mg/kg 
caused a statistically significant decrease 
of age-related parameters such as 
albuminuria, the inflammatory level, 
vascular endothelial apoptosis, decreases 
in the elasticity of the aorta, the incidence 
of cataract, etc., being inclusively 
registered data towards the decrease of 
genetic instability [2]. 

On MRC5 human fibroblasts, the 
resveratrol in concentration of 5 µm 
induced a significant protection of DNA 
oxidative deterioration, preventing the 
growth of nuclear volume, reducing the 
generation of acetylated forms of H3 and 
H4 histones and p53 protein. In another 
study on human fibroblasts, using a 
concentration of 10 µm and 25 µm have 
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been obtained data supporting the delay in 
the morphological alterations at the 
cellular level correlated with age [2]. 

It is supposed that polyphenols such 
as resveratrol inhibits senescence at the 
cellular level by activating genes such as 
p53 and AKT [39], sirtuins or inhibition of 
others, like mTOR [46]. These influence 
different intracellular signaling pathways 
by which are controlled the expression of 
genes involved in cell growth, the 
proliferation and cell viability [34]. 

Clinical trials regarding resveratrol 
action in oncology that used a commercial 
form of resveratrol called SRT501 showed 
a 39% increase in apoptosis of malignant 
cells in patients with metastatic colorectal 
cancer [2]. 

Neuroprotective effects of 
resveratrol [30,35] have been described in 
experimental studies on laboratory mice 
and were explained by researchers by the 
effect of resveratrol of increasing the 
cysteine level that can protect cells from 
oxidative stress by regulating proteic 
precursors of amylase plate [38]. 
Resveratrol acts also on manganese 
superoxide dismutase (MnSOD) a group 
of enzymes that degrades metabolic 
generated superoxide molecules thus 
having antioxidant effect [80]. 

Cardioprotective effects of 
resveratrol [30,36], as well as the other 
polyphenolic antioxidants such as 
quercetin or catechins, was observed in in 
vitro studies that showed a reduction of 
cardiomyocyte apoptosis by decreasing the 
level of caspase-3 and other cytokines, 
including NF-KB2, E-selectin, TNF-α or 
troponin [2]. 

Resveratrol also has an anti-
inflammatory effect [30,33], resulting in 
decreased activity of cyclo-oxygenase with 
a key role in the synthesis of other 
cytokines such as IL17. 

The theory of using antidiabetics 
like resveratrol [30] is explained by 
activating SIRT1 and subsequent increase 

in sensitivity to insulin [32], improving 
microcirculation and peripheral nerve 
function [2]. 

Resveratrol acts on the cellular 
mechanisms involved in photo-aging 
correlated with UV action, including MAP 
kinases, NF-kB nuclear factor and matrix 
metalloproteins. External applications of 
resveratrol in SKH-1 hairless mice model 
prior to UV exposure caused a significant 
reduction of cell proliferation, protection 
mRNA and phosphorylation [30]. 

The pharmacology of resveratrol 
[34] is still marked by a number of 
limitations, having a low solubility in 
water and consistently a low 
bioavailability and stability, being easily 
oxidized in the presence of light or heat. 
There are even data that contradict the fact 
that resveratrol would determine the extent 
of longevity, obtained on Drosophila 
melanogaster and C. elegans and 
disseminated by some authors [36]. 

Among the many hormones above 
mentioned with geroprotector effects [49], 
greater relevance for this project have the 
substances with similar actions of sexual 
hormones. Substances such estrogen like, 
testosterone like, which stimulate or 
inhibit various neuroendocrine 
mechanisms [49] are detected in the 
organic component of therapeutical muds 
and their geroprotective action is currently 
intensively studied. 

The testosterone serum level 
gradually decreases along with the 
advancing in age which caused a 
progressive muscle atrophy, fatigue, 
osteoporosis, reduced sexual function and 
increased fat levels, all this can be treated 
by administration of testosterone [22], 
which has as effect, in addition to a 
recovery of lipid levels also a decrease of  
concentration of plasma glucose correlated 
with increased sensitivity to insulin. 

The last half of the century allowed 
due to numerous scientific results, the use 
of estrogen in postmenopausal women to 
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prevent signs of aging, such as 
osteoporosis, cardiovascular diseases, 
decrease sexual and cognitive functions 
[52]. 

However, the enthusiasm was 
diminished by the recent publication of the 
results of some studies that show the risks 
of using estrogen, including breast cancer, 
pulmonary embolism, stroke and coronary 
heart disease. In this context, we can 
discuss by the importance of 
phytoestrogens and estrogen like 
substances from peloids composition 
whose effects does not reach the 
mentioned risks [2, 55]. 

Investigating the physiological 
effects of Procaine, an anesthetic 
[79,83,54] from Gerovital composition on 
bee neurons cultures, showed that this acts 
on Na+ voltage- dependent channels or 
ligand-dependent channels [51]. 

 Procaine has known 
neuroprotective properties, preventing the 
formation of amyloid plaques and 
preserving ATP depletion, most likely by 
inhibiting neurotoxic effect of glutamate, 
like has been shown in PC12 rat cells 
cultures [76].  

Procaine is used in cardioplegia and 
in stabilizing the postischemic cardiac 
rhythm after the aortic decompression in 
cardiac surgery [84]. Anti-atherogenic 
effects of Gerovital and Aslavital were 
confirmed by recent studies regarding the 
LDL oxidation and inhibition of the 
generation of superoxide radicals, thus 
having antioxidant properties by which 
interfere with cellular and molecular 
mechanisms of aging [85,86]. 

The amount of procaine 
hydrochloride from Gerovital H3 - tablets / 
vials and Aslavital H3 - tablets / vial is 
100 mg plus 6 mg of the benzoic acid, 5 
mg of potassium metabisulfite and 0.5 mg 
biphasic sodium phosphate. The 
preventive treatment involves taking two 
tablets / day at 2-3 hours after meals, for 
12 days. The treatment is resumed after a 

break of one month. Parenteral the 
treatment is made 3 times/week for 4 
weeks. Treatment is resumed after a break 
of 1-2 months. A combination therapy is 
recommended - 4 weeks injection (12 
vials) 30 days break followed by a 12 days 
treatment with tablets. After 24 days, a 
new course of treatment can be started. 
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Speleotherapy (ST) is a relatively 

new method of complementary medicine, 
although, as is well known ancient tribes 
appreciated isolation in underwater caves, 
salt or karst caves, or possessing various 
ores and was officially recognized in the 
years 1950-1960 in Germany 
(K.Spannagel, 1961) and Poland (M. 
Skulimowski, 1965). Professor 
Mieczyslaw Skulimowski has granted of 
speleotherapy in "Wieliczka" Salt Mine, 
the name of subterraneotherapy, soon to be 
also called the Skulimowski method. 
          Number of speleotherapeutic centers 
and speleotherapy symposiums has 
increased considerably (H.Trimmel, 1994). 
Speleotherapy in the underground now is 
an effective therapeutic method for the 
treatment of obstructive respiratory tract 
diseases, especially of patients with 
bronchial asthma (BA), the upward and 
effective practice in Central and Eastern 
Europe, but also in the West: Austria, 
Czech Republic, Germany, Poland, Russia, 
Slovakia, Ukraine, Belarus, Hungary etc. 

In the World, known about 60 
underground salt and other mines, carst 
caves used for ST or are under 
experimental study to evaluate the 
possibility to be used for speleotherapy, 
including: Germany, Hungary, Czech 
Republic, Slovakia, Austria, Slovenia, 
Ukraine, Romania and other countries. In 
salt mines with 9-24 °C temperature 
operating 15 speleotherapy centers, 34 in 
karst caves with 9-18 °C, and 4 centers in 
thermal caves with temperatures higher 
than 24 �C (Iu. Simionca et al., 2005). In 

the last twenty years ST occupies an 
important place in salt mines mines and 
carst caves with different parameters: 
Wieliczka, Poland; Solotvino / Slatina, 
Ukraine; Bad Bleiberg, Austria; Klutert 
Hohl, Germany; Zlate Hory and Cisarska 
Cave, Czech Republic; Bystrianska 
Jaskyna, Slovakia; Tapolca Seehohle, 
Hungary; "Unirea" Salt Mine - Slănic 
Prahova, Romania and will occupy a 
significant place the Turda Salt Mine, 
Cacica, Tg. Ocna, and Praid salt mines 
from Romania (Iu.Simionca et al., 2006, 
2009). 

Is of scientific and practical interest 
formation in world of new directions in the 
treatment of the most common and severe 
allergic diseases - asthma, namely the use 
of underground environmental factors in 
order to reduce human outcome of the 
action of environmental allergy. In this 
context, the use of salt mines and caves as 
natural therapeutic factors - also known as 
speleotherapy, is a special scientific 
interest, a perspective direction in the areas 
of health and environment.  

Today speleotherapy is known as the 
therapy of patients with various diseases in 
the underground salt mines and caves 
possessing natural therapeutic factors 
(Iu.Simionca et al., 1998, 2005, 2006, 
2009).  

Analysis of the speleotherapy domain 
status allowed to establish that use saline 
or cave underground natural environmental 
factors which own curative properties for 
prevention, treatment and rehabilitation of 
patients with certain diseases, often 
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chronic and severe (asthma, post burn 
complications) represents a potential 
solution to optimize health services and 
increase quality of life. 

In order to evaluate speleotherapy 
centers and the development of 
speleotherapy in Central and Eastern 
Europe, in the years 2010 - 2012 by board 
members of international Permanent 
Commission on Speleothjerapy (PCS) 
were vizited:  

• Moravia Children's Specialized 
Health Care Center, Children's Sanatorium 
with Speleotherapy, Ostrov u Macochy, 
Czech Republic;  

• Sanatorium Edel, Children's 
Sanatorium with Speleotherapy, Zlate 
Hory , Czech Republic;  

• Regional Allergic Hospital with 
underground section of speleotherapy in 
Salt Mine N8, Solotvino, Ukraine;  

• Republikan (Ukrainian) 
Allergologic Hospital, with underground 
section of speleotherapy in Salt Mine N8, 
Solotvino, Ukraine;  

• Scientific-Medical Centre and 
Clinic "Rehabilitation" (Halotherapy 
Centre) Health Ministry of Ukraine, 
Uzhgorod, Ukraine;  

• Speleotherapy Center in Bistra cave 
near Banska Bystrica, Slovakia;   

• Turda Salt Mine Complex with Salt 
mines Ghizela, Rudolf, Terezia and 
underground sections destinated for 
speleotherapy, Cluj county, Romania;  

• Praid salt Mine with underground 
sections for agrement and tourism, 
Harghita county, Romania;   

• Respublikanskaia bolnitsa 
speleolecheniya in Solegorsk Salt mine 
Complex with two underground 
speleotherapeutic sections, Solegorsk, 
Belarus Republik.  

The results were presented at the 
XIVth International Symposium of 
Speleotherapy-UIS, 2012, Turda, Romania 
(Jaroslav Chonka, Iuri Simionca, Pavel 
Slavik, 2012).  To mention the following 
results:    

Significant experience in treating 
patients, especially children, is obtained in 
karst caves of Czech Republic and 
Slovakia. The most significant center in the 
Czech Republic is the resort “Golden 
Mountain”, where 2,000 patients are 
treated annually. The health resort is 
comfortable for accommodation and 
treatment of patients. It has a stable and 
favorable microclimate in the mine, where 
gold and other polymetals mined. 

In recent years another important 
center in the Czech Republic - Children’s 
Health Center - “Island in Macocha” loses 
its importance .  It has all the possibilities 
of accommodation, treatment of children, 
but due to organizational problems this 
treatment facility is not working at full 
capacity, which causes considerable 
concern in the medical community.  
Another speleotherapy center is in 
Slovakia - Bistra cave near Banska 
Bystrica.   

In Poland is the oldest in Europe 
speleotherapy center in salt mines - 
Wieliczka.  

Speleotherapy (subteranneotherapy) 
center in Wieliczka is the main medical 
center in Europe in terms of 
accommodation, the effectiveness of 
treatment and the number of treated 
patients. Wieliczka experience should 
transferred to another salt mine in Poland - 
Bohnya, which also has room for 
development of speleotherapy. 

Good development of speleotherapy 
is obtained in Belarus, where thanks to the 
government in Solihorsk, where a new 
underground department at the potash 
mines has been built recently and a new 
building of Republican speleotherapeutic 
clinic was built which enables to increase 
the number of treated patients in two times.  

Significant losses in 2009-2010 in 
speleotherapy was flooded salt mines in 
Solotvino (Ukraine), where there was the 
world’s largest underground mine 
department number 9 where 4-5 thousand 
patients were treated annually.  
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Although at the availability of funds 

and desire the work of Solotvino salt mines 
and speleotherapy can be resumed. 

However, the most promising 
development of speleotherapy in salt mines 
is Romania, which is located at 3 centers, 
which can perform speleotherapy in classic 
form.  The results of the bioclimatic 
studies, the pollution evaluation, studies on 
the microorganisms in the salt mines from 
Cacica, Slănic Prahova, Praid, Tg. Ocna 
and Turda in the years 1970-2004 revealed 
that some of these mines could be used for 
medical purposes and tourism. Were 
proposed the solutions for reduction of the 
anthropic pollution effect (Grant CNCSIS, 
2004).   

For the moment, in Romania the 
speleotherapy is used for asthma patients, 
chronic bronchitis and correction effect 
whose immunopathological changes – the 
new perspective for speleotherapy, in 
Slănic Prahova „Unirea” Salt Mine - the 
subject of a multidisciplinary medical and 
environmental study (VIASAN Project No. 
441, Life and Health – 2004-2006).   

Another realized RDI project 
(Nr.2550, FC:42120/2008-2011) is 
„Complex of medical-biological study of 
potential therapeutic factors related to salt 
mines and karst environments for effective 
use in health and balneo-turism; 
development and modelling solutions of 
these factors". A particular interest 
represents new location of Cacica Salt 
Mine and Ocna Dej Salt Mine.   

One promising for medical use is 
Turda Salt Mine, adapted for tourists and 
for sick people (PHARE Project, finalized 
in 2009). Studies  results (Proiects / 
Financing Contract 310/2010 and 
600/2011 – 2012) indicated the specific 
speleotherapeutic effect.  Now in Romania, 
in the various national scientific research 
projects, coordinated by MSR II, Dr. Iuri 
Simionca, an intensive examination of 
these salt mines speleotherapeutic 
potential, inclusive the influence of 
underground microclimate on laboratory 
animals with induced pathology and on 

human patients with bronchial asthma, 
chronic bronchitis and other pathology, for 
organizing with Romanian Salt Company a 
system of speleotherapeutic centers in salt 
mines (“Unirea”- Slanic Prahova, Turda, 
Cacica, Dej, Praid, Tg.Ocna, Rm. Valcea 
salt mines).  

The new directions is speleotherapy 
in carst caves which possess curative 
properties. Are of use interest in the 
speleotherapeutic purposes the Carst Cave 
Fundata – Rasnov, Brasov, where results 
of the first studies are promising (Iu. 
Simionca et al., 2012)   

Figure 1. Foto 1 - 4.  Recreational and 
treatment area   in  Salt Mina « Unirea », 
Slănic Prahova, Romania (Proiect No. 441 
VIASAN Romania, 2004 – 2007)  
 

Figure 2. Photo 5-8. Photo by C. Zup. 
"Procedure of speleotherapy in 
„Underground experimental speleo-
therapeutic sections" in Gallery 1 designed 
for speleotherapy and recreation, Cacica 
salt Mine ("Old salt Mine"), Suceava  

 135



 

 Balneo Research Journal     DOI: http://dx.doi.org/10.12680/balneo.2013.1052      Vol.4, No.3, September 2013 
 

 

 

Figure 3. Photo 9-12. „Underground 
speleotherapeutic sections" and sections 
for recreation in salt mines Ghizela, Rudolf 
a-b and Therezia – Salt Mine Complex 
Turda, Cluj County, Romania  

 
In 2011, October 06 – 08,  in Turda  

city, Cluj county, Romania, was organized 
“The First  Romanian  Conference on 
Speleotherapy” (with international 
participation), dedicated to the project 
entitled  Complex medico – biological 
study for innovative use of potential 
therapeutic salt mines and cave 
environmental factors in health resorts and  
balneoclimatic tourism;  their  modeling 
solutions” (National RDI-2 Plan, Project 
42120/2008-2011, Project Manager – MSR 
II, Dr. Iuri Simionca) and for development 
of Speleotherapy in Romania 
(National Institute for Rehabilitation 
Physical Medicine and Balneoclimatology,  
from Bucharest). The conference was 
organized under the aegis of: 

 Executive Unit  for Financing 
Higher Education, the Research, 
Development and Innovation  
(UEFISCDI) under the authority of 
Ministry of Education,  Research,  Youth  
and Sports;  

 The Permanent Commission on Spe
leotherapy (PCS/CPS) –UIS;  

 Academy of Medical Sciences 
of Romania, Bucharest. 

 
 
 

At the conference was attended 
various experts in speleotherapy, 
pulmonology and alergology, salt mines 
activity and caves tourism, including 12 
participants from Ukraine and Czech 
Republic - representatives of speleotherapy 
centers among which Former President 
PCS/CPS-UIS Dr., MUDr. Pavel Slavik 
and Vice President PCS/CPS-UIS  Dr., 
M.D. Jarosla Chonka. 

Conference summaries are published 
in the abstract book, printed in Publishing 
House “Casa cartii de stiinta”, Cluj-
Napoca – recognized by National Council 
of Scientific Research in Higher Education 
and with title and description CIP of 
National Library , Romania (Iu.Simionca 
et al., 2012)  

In the last 12 years occurred various 
scientific meetings in the field, including: 
The XI International Symposium of 
Speleotherapy, Zlate Hory, EDEL - Czech 
Republic, 1999; The National Congress of 
Physical and Rehabilitation Medicine, 
Techirghiol, Romania, 2001, with section 
of speleotherapy and other National 
Congress of Physical and Rehabilitation 
Medicine, Romania, during 2001 – 2010 
years; The 14 th International Congress of 
Speleology, UIS, Athens, Kalamos, 2005 
with section of speleotherapy; International 
Symposium of allergologists - "30 years of 
Speleotherapy in Ukrainian Allergological 
Hospital" Solotvino - Ukraine, 2006; 
National Conference of Balneology with 
section of speleotherapy, Sovata, Romania, 
2009 - 2012 (being promoted and sustained 
the results of multidisciplinary scientific 
and exploratory research from Romania in 
the field - studies, experiments and 
research projects.  
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Since 1969 year were achieved 13 

editions of "The International Symposium 
of Speleotherapy" and other editions of 
seminars and conferences in the field, 
organized of Permanent Commission of 
Speleotherapy – UIS in Austria, Germany, 
Czech Republic, Slovakia, Slovenia, 
Ukraine, Russia, Hungary, Italy and other 
countries, including „The XIII th 

International Symposium on 
Speleotherapy, Czech Republic, Blansko, 
2008”. 

The XIV International Symposium of 
Speleotherapy (XIV ISS-UIS), organized 
by the Permanent  Commission on 
Speleotherapy (PCS) / Commission 
permanente de spéléothérapie (CPS) - 
Department of Research / Département de 
la recherché scientifique - UIS,  in the 
town of Turda,  Cluj County,  
Transylvania,  Romania, in 4 to 6 October 
2012 (Decision of the Permanent 
Commission on Speleotherapy - UIS,  
Working Committee Meeting, 27 – 28 
March 2012, Ostrov u Macochy, Brno, 
Czech Republic - Wieliczka, Krakow, 
Poland). 

 
 
At the closing session of the XIV th 

International Symposium on 
Speleotherapy, 2012 (Turda, Romania) 
noted that lectures and communications 
(including poster) had a high scientific 
level, bringing the current results of the 
latest research in speleo and halotherapy 
field (from studies of underground karst 
and salt mine environment, of engineering 
protection and biomedical experimental 
studies on laboratory animals and to 
clinical, cellular and molecular 
immunology, hematology, biochemistry, 
physiology and others) made in various 
countries, including Romania. 

Were discussed problems and 
potential development priorities in the 
field.  

The participants of the XIV th 

International Symposium on Speleotherapy 
of the PCS / CPS-UIS, they are 
representatives of the Academy of 
Scientists from Romania and the Academy 
of Medical Sciences of Romania, 
professors, associate professors and 
university lecturers from different 
countries, including Romania; directors of 
research institutes in the public and private 
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sectors, researchers of different degrees, 
doctors in sciences (doctors, biologists, 
chemists, engineers, speleologists, 
geologists and other specialists) both from 
Romania and from other countries; 
representatives of some state institutions 
from Romania, business and industry from 
different countries and of Romania, 
discussed the current status of 
speleotherapy in caves and mines, as well 
as halotherapy - descending method of 
speleotherapy in salt mines.  

The analysis of the current status in 
the field (Iu. Simionca et al., 2005, 2006, 
2009, J.Chonka, Iu. Simionca, P. Slavik, 
2012) showed the existence of a series of 
fundamental issues – potential 
development priorities in the field of 
speleotherapy in caves or mines and of 
halotherapy:  

 the enhanced interest of a large 
category of persons in different countries 
(preponderant in Europe) for medical and 
touristic services in original and specific 
locations with therapeutic natural factors, 
such as those from some caves or salt 
mines and chambers with artificial 
underground salt mine environment or 
microclimate (halotherapy method 
descending from speleotherapy in salt 
mines);  

 lack of technical and medical 
standards for use in medical / 
speleotherapeutic and of balneoclimatic 
tourism some caves and mines (mainly - 
salt mines, and other mines) and for 
halotherapy -  the surface rooms with salt 
mine underground artificial environment or 
underground salt mine microclimate; 

 need for monitoring standards of 
geomechanical stability of the underground 
spaces in caves and mines which possesses 
speleotherapeutic factors and used for 
medical purposes. balneoclimatic tourism 
or speleo- and salt mine tourism; 

 lack of monitoring standards for 
curative properties of some caves and 
mines (including salt mines), assessing 
their stability and therapeutic effectiveness, 
particularly after using for cave or salt 

mine tourism and medical balneoclimatic 
tourism or speleotherapy (after human 
impact); 

 adequate measures for preserving / 
restoring the specific underground 
environmental factors; 

 the necessity of approaching and 
launching at national level of researches on 
methodologies regarding speleotherapy, 
related to the presence and the quality of 
underground therapeutic factors  and to the 
medical history of the patients (age, 
disease status, previous medication, 
especially the hormonal therapy). 

These issues could build up a 
development program of speleotherapy and 
descending methods used in medical 
purposes, for balneoclimatic tourism, caves 
or salt minestourism over a period of 
several years, which would involve 
increasing the quality of human life.  
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