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Assignment B:

Study Characteristics of Thermal Mud Used in Balneotherapeutical Facilities of Piešťany Spa

Objective assignment scope

1 In previous years, chemical, biochemical and microbiological effects of thermal mud were studied in IRMA facility. Mud effect, or the effect of extracts prepared from mud on enzyme pancreatic elastase was selected as an important parameter for the assessment of potential mud therapeutical effects. In vitro experiments identified that mud extracts significantly suppress the activity of this enzyme.

2 The existing studies proved that extract prepared from thermal mud used in IRMA facility operation inhibited the activity of elastase enzyme at low concentrations. The effect depended on the method of extracts preparation. The collected knowledge suggests the presence of some natural substances and sulphur compounds that participate in biochemical effects of thermal mud.
3 Projects solved in the previous years identified that extracts prepared from thermal mud had therapeutical effect on the development of adjuvant arthritis in rats.

Assignment Objectives

1 Compare the characteristics of mud used in respective balneological facilities in SLK Piešťany 

Currently, mud for treatment procedures is prepared in five mud facilities in SLK Piešťany. Mud quality needs to be compared from the point of view of its inhibition effects on elastase in all facilities. It will establish conditions for gradual unification of mud and thus conditions for compatibility of results obtained in all treatment facilities.

2 Isolation and characteristics of substances isolated from effective mud extract and their effect on enzyme elastase

From fraction prepared from mud, which significantly inhibited pancreatic elastase activity in in vitro experiments and suppressed adjuvant arthritis in rats in in vivo experiments, isolate effective substance(s) or mixture of chemically related compounds. Try to draw structure of the obtained substances. In vitro, verify their inhibition effect on elastase. The presence of substances in mud could be used in mud preparation technological process. Further, verify inhibition effects on elastase of pure model compounds containing sulphur atom (sulphides, sulphates) that participate in sulphur cycle in nature according to so far published results.
3 Study the effects of Piešťany mud on osteoarthritis development in animals
Through direct application, study thermal mud and inactive loess effect on osteoarthritis development in rabbits. Based on the obtained results, it will be possible to assess the scope, in which chemical components and thermal effect participate in the therapeutical effect.

1 References

References include studies dealing with possible transformations of sulphur and its compounds and the effects of sulphur compounds, or medicaments containing – SH groups. Another part of this chapter lists studies dealing with the effects of thermal water or peloids on patients. There is a general consensus on the curative effect of thermal sulphur baths being conditioned by both chemical and thermic components. In chemical peloid composition, especially the presence of sulphur and its compounds is stressed from qualitative aspect. The effects of peloid are subject to changes taking place in peloid in the course of its application onto the patient’s body. In these proceses, dynamic balance in the cascade of sulphur compounds is disturbed in peloid. As a results, e.g. changes of redoxpotential take place. Interaction takes place between SH groups of compounds found in the peloid and organism (especially in skin). Effects of certain chemical radicals, hydrogen or oxygen, also find application. Chemical reactions and the resulting changes in the quality of chemical substances act on the patient’s body in the form of enzyme systems. However, they also may impact the metabolism of microorganisms present in peloid. Nowadays, there is sufficient evidence on the participation of microbial systems in the creation of thermal mud activity. Metabolism of microorganisms is effected by temperature and chemical compound of not only sulphur, but also iron, manganese, copper and other element ions.


So far, transformation of sulphur, or its compounds was studied especially in the context of metabolism and growth of microorganisms, less higher plants (natural sulphur cycle). In the last decade, there have been studies on the transformation of sulphur and its compounds under the effect of human enzymes. On the other hand, there are studies on the effects of sulphur compounds on biochemical processes in the human body (energetic, hormonal, enzyme). However, human body is a very complicated system for the studying of processes coupled with the transformation of sulphur and its compounds.

Microbial transformations are especially studied in bacteria capable of utilising sulphur and its compounds in winning energy necessary for their growth (especially Thiobacillus), or the binding of radicals and releasing of oxygen or hydrogen. Microorganisms capable of sulphur and its compounds transformation catalyse the processes coupled with their oxidation and reduction mostly in anaerobe or semianaerobe conditions. In many case, even a short contact of microorganisms with oxygen (e.g. during mud application in the spa) may change the chemical processes. Processes taking place in the oxidation of inorganic sulphur compounds and sulphur itself following the equations presented in Scheme 1 (Suzuki, 1974).
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Scheme 1. Oxidation and reduction of sulphur and its compounds
Oxidation of sulphides to sulphur (R-1) by sulphur bacteria is very fast and irreversible (Moriarty, Nicholas, 1970). In the environment, sulphur is only accumulated, if the following reaction (R-2) is slower than the previous one (R-1) (Suzuki, Takeuchi, 1990). The same applies for the following reactions: if reaction (R-3) is slower than (R-2), sulphite is accumulated in the organism. In interaction with elementary sulphur, it provides thiosulphate as oxidation result (Lyric, Suzuki, 1970).

S2- →S + 2e



(R-1)

S0 + O2 + H2O → H2SO3

(R-2)

SO32- + H2O → SO42- + 2H+ + 2e-
(R-3)

Should thiosulphate accumulation be high enough reaction (R-5) starts a polythionate route (Pronk et al, 1990). It may be catalysed in the presence of heat and oxygen, or enzymes. According to references, except for sulphides, great importance is given to polysulphides in terms of their biological effects. Polysulphides are formed in chemical reactions from elementary sulphur and sulphides (Schauder, Muller, 1993).

S2O32- → S + SO32- 


(R-4)

Tetrathionate is formed in the fusion of two thiosulphate molecules through enzyme catalysis (Ingledew, Cobley, 1980).

2S2O32- → S4O62- + 2e-


(R-5)

In fact, reaction (R-6) represents transformation of monomer sulphur to octamer form (S8, also known as So).

S → S0




(R-6)

Polysulphide (Sm2- or HSM-) is composed of sulphide anion and a chain of nulvalent sulphur atoms. Predominant polysulphide forms at pH 6 are S42- and S52-. Their presence in water environment changes according to reaction depending on environment pH and temperature. (Schauder, Muller, 1993).

4 S42- + H+ → 3 S52- + HS-
The presence of polysulphides and sulphur in peloid is important due to their direct participation in biochemical processes taking place in the surface parts of the body, but also as a possible substrate for sulphur reducing microorganisms (Schauder, Muller, 1993).
In peloid, all presented reactions take place as a result of constantly re-constituting chemical balance of sulphur compounds, under the influence of heat, but especially through enzyme catalysis especially of microorganisms. All sulphur compounds presented in reactions are also present in peloid (mud) used in balneotherapy. It is probable that dynamic balance is the condition for sulphur compounds and sulphur effect on biochemical processes. Should e.g. hydrosulphide participate in the reactions, its balance (concentration) re-constitutes permanently. Should the balance be disturbed, its participation in biochemical processes stops until the balance is re-constituted. It is especially important for the technological process of thermal active mud preparation. The addition of any of the sulphur compounds into peloid (mud) disturbs the process and in case of single sided excess, it could impact the final therapeutical effect. The same applies for significant temperature changes. Any interference with the chemical processes could have a significant effect especially on microbial systems present in peloid. They participate in peloid regeneration and its creation de novo. According to some authors (Stárka, 1951), oxygenic sulphur compounds, e.g. sulphates,  are gradually reduced to elementary sulphur or hydrosulphide in the process of Piešťany mud maturing. These are immediately bound with iron, manganese and other metal elements and change to sulphides. The presence and production of black colloid iron sulphide in combination with the redoxpotential values is often used as one of the mud quality characteristics. In the presence of desulphvibrates, it grows from the original value of around -20 mV. In 3 to 4 days, it stabilises at values from -250 to -450 mV (Stránsky, 1954).
Except for the processes coupled with chemical and enzyme transformation of sulphur and its inorganic compounds in the formation of active peloid, important role is also played by processes coupled with the formation of organic sulphur compounds. These compounds include e.g. aminoacids,
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Scheme 2. Organolitotroph metabolism of mercaptomalate and 3-mercaptopropionate

containing sulphur (cysteine, metionine), glutathione or chobroitinsulphone acid. Amino acids containing thiol, alcythiol group are bacteria transformed to metantiole, mercaptopropionate and other organic thiols. Thiols considered important in terms of biological effects may also be formed in addition reactions of sulphides and polysulphides with other compounds, for example in the addition of hydrosulphide to acrylic acid mercaptopropionate is formed (Shea, McRehan, 1988) (Scheme 2).
There have been several studies dealing with natural thermal sulphur mud as means for the treatment of rheumatic diseases. Novikova (1989) states that sulphur mud in combination with sodium chloride bath had positive effect in patients with osteoporosis and munoral imunity. It is assumed that hydrosulphide is the active substance in sulphur mud with therapeutical effect on various rheumatic diseases (Kamenskaja, 1987, Zielonka, 1975) Pratzel et al (1992) compared the effect of mud with and without the content of sulphur compounds and significant analgetic effect with indentified following the application of sulphur containing mud. The issue of sea water, mud and sulphur mud effects on various rheumatic diseases has been studied by Sukenik for a longer period of time (1995, 1996), Sukenik et al (1990, 1995). They identified that sea water and sulphur compounds containing mud had curative effect on rheumatoid and psoriatic arthritis, but especially osteoarthritis. Their studies present hydrosulphide as the healing agent. However, a big role in the therapeutical process is also played by other sulphur compounds applied in other ways. Ibadova, Lopastinskij, Shaidenko (1997) applied hydrogen sulphide in inhalation form and identified its antiinflamatory, analgetic effect and effect on immune system.
It is probable that hydrosulphide takes application in H-SH form, in which it is very reactive, in interactions with enzyme systems. The principle of –SH groups interaction is the basis for many synthetic and natural drugs used in the treatment of rheumatic diseases. The most commonly used compounds with thiol group include D-penicillamine (Joyce, 1988), thiopronine (Amor, Mery, de Gery, 1982), acadione (Amor, Mery, de gery 1988), Diethyldithiocarbamate (Voll et al, 1999), bucilamine (Matsuno et al, 1998) with two thiol groups, etc. The effective mechanism of substances containing thiol groups is explained by the inhibition of myeloperoxidase activity inhibition (Cuperus, Muijseres, Wever, 1985). Bucillamine is metabolically transformed to disulphide, which is then transformed to synovial liquid. The said metabolites suppresses the production of IL-6 and IL-8 in synovial liquid. Substances with –SH groups are able to react with intracellular disulphides (Huck et al, 1984). Sulphur and its compounds play an important role not only in the treatment of rheumatic diseases, but also in their formation. 
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2 Comparison of Mud Characteristics Used in the Respective Balneological Facilities of SLK Piešťany

2.1 Mud Characteristics – General
This chapter aimed to compare thermal mud from various balneological facilities in terms of its effect on elastase activity. Prior to this final phase, we compared mud collected in maturing pool, i.e. new mud (NM) stored in the pools for about 12 months and old mud (OM) stored in the maturing pool for about 24 months. Old mud is used as the basis for respective mud kitchens in the following facilities: 
IRMA, PROPATRIA, BALNEOTERAPIA (Balnea). The basis of native mud found in the Váh river dead arm is inactive loess washed there from the surrounding fields. Therefore, we also included a sample from this location in our chemical and biochemical assessment. All samples were collected in early July 2000. Physical and chemical analysis was performed by ecoanalytical laboratories LABEKO Piešťany using methods systematically applied by Slovenské liečebné kúpele for many years as principal data in technological processes standardisation. The results are summed up in Chart 1.

Chart 1. Physical and chemical analysis of thermal mud from balneotherapeutical facilities

	Parameter
	NM
	OM
	PAT
	IR
	BLT
	REF

	Water content in peloid (%)

Solids in peloid 110 °C (%)

Content of organic substances at 600°C from solids (%)

Substances soluble in HCl from solids (%)

Substances insoluble in HCl (%)

pH of peloid (KCl)

ph of peloid (H2O)

Titrateable sulphur contents §
R2O3 contents §
H2S contents water extract §
Magnesium (mg) §
Manganese (Mn) §
Iron (Fe) §§
Calcium (Ca) §§
Sulphates (SO42-) §
	47.8
51.2

6.8

32.3

67.7

7.43

7.20

52.9

7910.0

1.5

1203.9

49.4

1.93

8.14

979.6
	48.3
51.8

7.0

33.5

66.5

7.61

7.80

43.7

7800.9

1.9

1153.1

50.6

2.1

8.45

1125.1
	39.2
60.8

7.1

33.0

67.0

7.89

7.32

41.0

7940.5

1.2

1263.2

46.8

2.03

8.19

1566.9
	42.9
57.1

7.0

33.1

66.9

7.66

7.30

29.5

7140.8

0.8

1201.5

45.9

1.99

8.28

1593.2
	33.1
66.9

5.9

32.1

67.9

7.97

7.38

22.9

7561.2

1.1

1164.5

42.2

1.83

8.34

1574.9
	0.8
99.2

4.1

27.1

72.9

7.92

7.65

4.4

7468.4

0.1

1521.7

53.3

1.94

6.06

126.6


The values are expressed as mean value with extended combined standard uncertainty. 

According to STN 83 0540 Physical and Chemical Analysis of Waste Water and Regulation No. 2 LABEKO: Definition of Inorganic Anions Addition Using the Method of Ion Liquid Chromatography.

In the active thermal mud collected in PROPATRIA mud kitchen, we prepared water extracts. In them, we studied the profile of amino acids in water soluble proteins. 

Extracts were prepared in the following way: 500 g of freshly collected mud were separated at 4000 rev.min-1 for 30 minutes and supernatant was removed from the surface. To the solid sediment remains, we added 500 m of distilled water, mixed well (re-suspended) and separated under equal conditions. Both obtained extracts were mixed and dehydrated using lyophilisation. This gave us 230 mg of lyophilisate.
The second batch of mud was stored in fridge at +40°C for 14 days. Then, the mud was processed in a procedure identical with batch one. From the second 500 gmud batch, we obtained 430 mg of lyophilisate.

In both lyophilisated samples, we studied the contents and representation of amino acids. We used the Beckman and Mohr method and automatic amino acids analyser AAAT 339. Prior to work, we hydrolised the samples in 6M HCl environment for 24 hours at 105°C. Following hydrolyses, the hydrolysate was filtered and evaporated. After dilution in 10% acetic acid, we topped up the volume to 25 ml. Results are presented in Chart 2.

Chart 2. Profile of amino acids in water soluble proteins present in mud (mg/100 g of samples)

	Amino acid
	Stored mud
	Native mud

	Leucine

Isoleucine

Lysine

Valine 

Phenylalanine

Treonine

Metionine

Tyrosine

Cystine

Histidine

Arginine

Serine

Proline

Glycine

Alanine

Aspartic acid

Glutamic acid
	51.5
30.8

29.9

70.0

36.2

97.4

21.5

29.0

--

236.8

--

57.0

--

70.5

69.2

138.2

86.3
	134.0
67.6

70.0

166.7

127.0

249.4

20.2

48.0

--

510.5

--

170.8

--

157.2

191.4

359.0

233.0


2.2 Preparation of Extracts from Sediment (Mud) and Their Analysis
Sediment (peloid, mud) represents a complicated mixture of inorganic and organic substances, partially diluted in water, however mostly forming characteristic dark clayey suspension. Both components may participate in the biologic effects of sediment. For the purpose of organic mud portion biological assessment, we prepared extract according to the following general procedure:

1 Dehydrated mud (500 g) was titrated under mixing for 24 hours with ... of predistilled acetone. The suspension was filtrated, the filtrate reduced – the remaining part was marked AC-1.

2 The solid part remaining in filter was subjected to the same process for the second time. After reduction, the filtrate was marked AC-2.

3 The solid part remaining after operation 2 was dehydrated, crasched and titrated under mixing for 24 hours with 1 l of pre-distilled ethyl acetate. Further processing is equal with item 1. The remainder following filtrate reduction was marked EA

4 The solid part remaining after operation 3 was processed according to item 1 with 1 l of pre-distilled hexane. The remainder following filtrate reduction – HX.

Samples for extraction were collected once from 5 location. Reference material was a sample of loess soil found around Piešťany.

Chart 3. Samples origin and designation:

	No. 
	Location
	Designation

	1

2

3

4

5

6
	MATURING POOL NEW MUD
MATURING POOL OLD MUD

PATRIA, mud kitchen

IRMA, mud kitchen

BALNEOTHERAPY – II

REFERENCE - LOESS
	NB

SB

PAT

IR

BLT

REF


Weight of respective prepared extracts is presented in Chart 4.

Chart 3. Weight of evaporated material (mg) following mud samples extraction (500 g).

	
	AC-1
	AC-2
	EA
	HEX
	Total

	NM

OM

PAT

IR

BLT

REF
	290.2

162.8

281.2

243.5

44.0

0.0
	202.0

228.2

370.0

278.8

277.0

176.1
	293.1

91.5

44.1

56.0

32.0

8.6
	62.7

110.9

41.2

20.2

54.5

7.4
	848.0

593.4

736.5

598.3

407.5

192.1


Analysis of Extracts

The prepared extracts were subjected to qualitative analysis using thin layer chromatography on plates  Kieselgel 60 F254 in systems


S1 Pool – ethyl acetate (95:5)


S2 hexane – benzene (3:1)

Detection:


a) UV – 254 nm

b) UV – 366 nm

c) Spraying with a mixture of vanilin/sulphuric acid
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Fig. 1
TLC of NM extracts in system S1 (benzene – ethyl acetate 95:5), detection spray vanillin/sulphuric acid (20 µl of solution with conc. 5 mg/0.1 ml chloroform) 

TLC of other samples (except for REF) was identical with Fig. 1. The assumption that purple spot (Rf = 0.48) represents sterols was confirmed in comparison of Rf values obtained from co-chromatography of sample AC-2 NM with cholesterol as the most commonly present sterol (Fig. 2). Vegetal sterols, structurally close terpenoids containing one hydroxyl group in their structure, TLC did not split at the given conditions, but only provided one spot.
[image: image4.jpg]



Fig. 2. TLC report of extract AC-2 (A), with cholesterol (B), detection vanillin/sulphuric acid, system S1.

Since extracts from the various locations showed identical chromatograms, following weighing form biological tests, AC-2 extracts were mixed (a total of 700 mg),titrated with a mixture of diethylether – n-hexane (50 ml, 1:4), the insoluble portion was filtered away (186 mg), filtrated reduced and the remainder was subjected to chromatography on a silicagel column, gradually eluted through dichloromethane, mixture of dichloromethane – ethyl acetate 25:2 and 25:4, pure ethyl acetate and finally acetone. Fractions were collected according to the coloration of escaping zones and according to TLC. Detection vanillin/sulphuric acid, UV 254 and 366 nm. (Fig. 3).
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Fig. 3 TLC (S1) of fractions from the separation of joined extracts AC-2 using column chromatography

The respective fractions were joined as follows 1 (1-4), 2 (5 – 7), 3 (8 – 10), 4 (11 – 12), 5 (13 – 15), 6 (16 – 18). Portion 1 in system S1 providing spots with Rf = 0.95 – 0.99 was subjected to chromatography in system S2 (fig. 4).
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Fig. 4. TLC of portion 1 in system S2 (Bz – Hex (1:3)), detection UV = 254 and 366. (yellow spot represents elementary sulphur)

Presence of elementary sulphur was also confirmed in GC/MS analysis of benzene extract of the respective zone following TLC of portion 1. Isolated sulphur is found in the form of octamere (S8), as identified from the MS recording (Fig. 5) with fragments (m/z): 256 (S8, M+), 192 (S6), 160 (S5), 128 (S4), 96 (S3) and 64 (S2, principal peak).
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Fig. 5 Weight spectrum of sulphur isolated from fraction AC-2

HPLC Analysis of Extracts

Except for TLC, acetone mud extracts were also HPLC assessed: colony 250 x 4 mm, WRP-18 7 µm (Watrex);

Mobile phase
M-1: tetrahydrofurane – acetonitrile 5:95, f= 1 ml/min



M-2  THF – MeCN 45:55 f = 1 ml/min

 

M-3  MeCN f = 0.7 ml/min



M-4  THF f = 1 ml/min

Detection UV 206 – 380 and 400 – 700 nm.

Figures 6 – 8 show chromatograms of new mud acetone extracts (Fig. 6), mud collected from Patria (Fig. 7) and reference mud (Fig. 9). Chromatograms of spa mud acetone extract samples did not vary in quality very much, there is a clear difference between the quality of reference mud and spa mud. The most intense peak in spa mud chromatograms is taken by chlorophyll, as confirmed by identical retention times (tr = 7.35 min) with chlorophyll isolated from Vinca minor and comparison of UV spectrums recorded in the respective peak maximum (Fig. 8). UV spectrums of substances represented by chromatogram peaks of sample NM AC-2 are depicted in Fig. 10.

Relative contents of chlorophyll calculated with respect to new mud (100%) is presented in chart 5.
Chart 5. Relative contents of chlorophyll in respective samples 

(the volume of chlorophyll in sample NM = 100%)

	Sample
	Chlorophyll (%)

	NM

OM

PAT

BLT

IR

REF
	100

40

77

61

26

2
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Figure 6  HPLC log of NB AC-2 extract

250 x 4 mm, WRP-18e, 7µm, MeCN – THF 95:5, f = 1 ml/min, λ = 292 nm
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Figure 7  HPLC log of PAT AC-2 extract

250 x 4 mm, WRP-18e, 7µm, MeCN – THF 95:5, f = 1 ml/min, λ = 292 nm
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Figure 8  HPLC log of REF AC-2 extract

250 x 4 mm, WRP-18e, 7µm, MeCN – THF 95:5, f = 1 ml/min, λ = 292 nm
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Figure 9  UV spectrum of substance represented by peak s tr = 7.35 min

In chromatogram of acetone extract PAT AC-2 (Fig. 7, chlorophyll)
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Figure 10  UV spectrums recorded in times 2.83 – 5.84 (chromatogram PAT AC-2, Fig. 7)

2.3 Effect of Piešťany Spa Extracts and Some Pure Chemicals on Elastase Activity

The effect of extracts and pure substances was studied for:

a) Activity of pancreatic elastase

b) Elastase activity from granulocyte extracts

c) Activity of pure leukocyte elastase

a) Effect of Piešťany mud extracts on pancreatic elastase

Identification of Pancreatic Elastase Activity

Chemicals and solutions:

0.05 mol/l TRIS-HCl buffer solution pH 8.0 + 0.05 mol/l CaCl2
Pancreatic elastase cca 1 mg/ml produced by Sigma code E 1250

Mud extracts 2mg/ml of dimethylsufoxide (DMSO)

In case of chemicals, water solutions were applied (10 µl)

Pancreatic elastase substrate Suc-Ala-Ala-Ala-p-nitroanilide (Sigma, code S 4750) 4.5 mg /ml DMSO.

Procedure: Reaction mixture, containing 1.9 ml 0.05 mol/l of TRIS-HCl buffer solution pH 8.0 + 0.05 mol/l CaCl2, 20 µl of pancreatic elastase solution and 30 µl or 60 µl of mud extract, or DMSO in case of control, was pre-incubated for 30 minutes at 37°C in water bath. The reaction started through the addition of 20 µl of substrate solution Auc-Ala-Ala-Ala-p-nitroanilide (1 x 10-3 mol/l in reaction mixture). After 20 minutes, it was stopped through the addition of 0.4 ml of ice acetic acid. All samples had corresponding blanc prepared through the addition of elastase into reaction mixture after the reaction stopped. During the reaction, elastase releases p-nitroaniline from substrate. It is identified through spectrophotometric measurement of absorbance at 410 nm. Inhibition through mud extracts was evaluated in %. Results are presented in charts 6, 7, 8.
Chart 6. Effect of thermal mud extracts on pancreatic elastase

	Designation
	AC-1
	AC-2 
	EA
	Total

	NM

OM

PAT

IR

BLT

REF
	18.71

27.49

18.98

21.89

20.68

1.7
	6.43

--

3.52

1.0

9.87

--
	5.84

--

6.12

4.81

6.03

0.83
	35.77

27.49

33.21

30.20

44.26

2.36


Inhibition expressed in %

In reaction 30 µl of solution (60 µg of dry extract).

Chart 7. Effect of thermal mud extracts on pancreatic elastase

	Designation
	AC-1
	AC-2 
	EA
	HEX
	Total

	NM

OM

PAT

IR

BLT

REF
	35.27

41.00

43.3

35.31

36.57

1.7
	16.45

--

3.51

11.18

9.5

--
	7.05

--

6.59

10.74

10.65

3.5
	6.4

--

12.4

15.79

10.45

1.6
	65.17

41.00

65.80

73.02

67.17

6.8


Inhibition expressed in %

In reaction 60 µl of solution (120 µg of dry extract).

Chart 8. Effect of sulphur compounds on pancreatic elastase

	Compound name
	Chemical formula
	Inhibition (%)

	Sodium sulphate, waterfree

Sodium sulphide

Sodium hydrogensulphate

Sodium thiosulphate

Sodium ditionate

Sodium sulphite

Sodium hydrogensulphide

Sodium tetrathionate

Sodium peroxidisulphate

Sodium hexa-1-sulphonate

N-acetyl-N-cysteine

Cysteine

Metionine

Glutatione

Serine 
	Na2SO4
Na2S x H2O

NaHSO4
Na2S2O3 x 5 H2O

Na2S2O4
Na2SO3
NaHS X H2O

Na2S2O6 X H2O

Na2S2O8
C6H13SO3Na x H2O

C5H9NO3S
	0

0

0

0

0

0

11.9

0

0

0

0

0

8.3

0

0


Water solutions of respective compounds were applied.
The resulting concentration of compounds in reaction mixture 5 x 10-3 mol/l

b) Effect of Piešťany mud extracts on elastase activity of granulocyte extracts

Isolation of granulocytes and preparation of granulocyte extracts

Isolation of granulocytes and preparation of granulocyte extracts. Granulocytes were isolated using density gradients. Blood was collected into Na2EDTA. Its volume was modified depending on the desired volume of granulocytes. Blood diluted 1:2 with physiological solution was applied onto two superimposed gradients with a density of 1.090 abd 1.077 g/l. Gradients were prepared from Ficoll 400 – Phramácia and Telebrix N300 – Byk-Gulden, under the observation of physiological conditions. The following centrifugation  (20 minutes at 700g) separates blood cells into two layers. Granulocytes are found between the two gradients. This interlayer is filtered away and centrifugated for 10 minutes at 300 g. 5 ml of lysation solution (NH4Cl) is added to the sediment. It causes lysion of contaminating erythrocytes. After 5 minutes, suspension of granulocytes is centrifugated again (10 min/300g). Granulocyte pellet is re-suspended to the desired concentration of cells in physiological solution. The said method enables the obtaining of granulocytes with purity nearing 100%.

Granulocytes in physiological solution cca 60 – 70 x 106/ml

are broken through repeated freezing and unfreezing at -60°C (3x). Then, the extract is centrifugated for 20 minutes at 2,500 g and the supernatant is used as granulocyte elastase source. 
Definition of Granulocyte Extracts Elastase Activity

Chemicals and solutions:

0.05 mol/l of TRIS-HCl buffer solution pH 7.5 x 0.4 mol/NaCl

Granulocyte extract from 55 – 70 x 106 of granulocytes in phosphate modified physiological solution pH 7.4 (PBS)

Extract 2 mg/l of dimetylsulphoxide (DMSO)

Leukocyte elastase substrate Suc-Ala-Ala-Val-p-nitroanilide (Sigma, codce S1384) 9.6 mg/ml DMSO

Procedure: Reaction mixture, containing 1.1 ml of 0.05 mol/l TRIS HCl buffer solution pH 7.5 + 0.4 mol/l NaCl, 50 µ. Of granulocyte extract and 5, 10 or 20 µl of mud extract, or DMSO in case of control, was pre-incubated for 30 minutes at 37°C in water bath. The reaction started through the addition of 50 µl of substrate solution Suc-Ala-Ala-Ala-p-nitroanilide (1 x 10-3 mol/l in reaction mixture). After 40 minutes, it was stopped through the addition of 0.2 ml of ice acetic acid. All samples had corresponding blanc prepared through the addition of granulocyte extract into reaction mixture after the reaction stopped. During the reaction, elastase releases p-nitroaniline from substrate. It is identified through spectrophotometric measurement of absorbance at 410 nm. Inhibition through mud extracts was evaluated in %. Results are presented in charts 9, 10, 11, 12.

Chart 9. Granulocyte extracts elastase activity inhibition through mud extracts

	Designation
	AC-1
	AC-2 
	EA
	HEX
	Total

	NM

OM

PAT

IR

BLT

REF
	16.10
16.70

26.02

10.00

26.47

8.60
	20.18
13.20

15.20

26.20

28.20

--
	4.75
15.80

14.30

25.80

11.20

7.12
	0.0
4.30

7.74

18.95

15.30

2.37
	41.03
50.00

63.26

80.95

81.17

18.09


Elastase activity inhibition expressed in % (in reaction 10 µl of solution, 20 µg of dry extract in DMSO).

Chart 10. Granulocyte extracts elastase activity inhibition through mud extracts

	Designation
	AC-1
	AC-2 
	EA
	HEX
	Total

	NM

OM

PAT

IR

BLT

REF
	28.40

30.60

48.16

16.80

48.42

12.40
	38.14

25.42

33.12

56.40

50.60

--
	6.45

35.30

24.60

54.20

15.18

10.24
	0

5.80

12.40

40.24

26.60

3.50
	72.99

97.10

118.28

167.64

140.80

26.14


Elastase activity inhibition expressed in % (in reaction 20 µl of solution, 40 µg of dry extract in DMSO).

Chart 11. Effect of combined fractions obtained from common portion (AC-2) on pancreatic and granulocyte elastase
	Designation
	Pancreatic elastase 30 µl
	Pancreatic elastase 60 µl
	Granulocyte elastase 10 µl

	AC 21

AC 22

AC 23 

AC 24

AC 25

AC 26

PX 710

Px St
	0

0

0

3.28

0.6

0

0.44

2.12
	0.2

1.6

3.1

2.7

0.7

0

4.4

3.0
	11.80

29.70

9.80

35.50

36.10

47.30

43.20

12.80


Of all samples collected in balneological facilities (Irma, Patria, Balneoterapia), extracts designated AC-2 were combined (700 mg) and as one sample, they were separated on silicagel column. Gradually, fractions 1 to 6 were abstracted (7 – 10) and their ability to inhibit pancreatic elastase and elastase activity of granulocyte extracts was defined. Sample marked PX 710 represents lipophyl portion (combined fractions AC 7-10) obtained in the separation of fraction AC-2. From it, substances (mixtures of substances) were obtained with characteristics and identification presented in Chapter 3. Sample Px ST represents a mixture of steroids with known structure to serve for comparison of sample PX 710 effects on elastase.
Chart 12. Effect of sulphur compounds on granulocyte extracts elastase activity

	Compound name
	Chemical formula
	Inhibition (%)

	Sodium sulphate, waterfree

Sodium sulphide

Sodium hydrogensulphate

Sodium thiosulphate

Sodium ditionate

Sodium sulphite

Sodium hydrogensulphide

Sodium tetrathionate

Sodium peroxidisulphate

Sodium hexa-1-sulphonate

N-acetyl-N-cysteine

Cysteine

Metionine

Glutatione

Serine 
	Na2SO4
Na2S x H2O

NaHSO4
Na2S2O3 x 5 H2O

Na2S2O4
Na2SO3
NaHS X H2O

Na2S2O6 X H2O

Na2S2O8
C6H13SO3Na x H2O

C5H9NO3S
	0

0

0

0

0

19.2  17.4

0

0

0

0

0

0

0

0

0


Granulocyte extract prepared from 70 x 106 of granulocytes.

The resulting concentration of compounds in reaction mixture 5 x 10-3 mol/l

B  Effect of Piešťany Mud on Pure Leukocyte Elastase

Definition of Pure Leukocyte Elastase Activity

Chemicals and solutions:

0.05 mol/l of TRIS-HCl buffer solution pH 7.5 + 0.4 mol/l NaCl

Leukocyte elastase 1 unit (cca 20 µg) manufactured by Sigma, code E8140 was diluted in 0.7 ml of the described buffer solution TRIS-HCl pH 7.5.

Mud extracts 2 mg/ml of dimethylsulphoxide (DMSO)

Leukocyte elastase substrate Suc-Ala-Ala-Ala-p-nitroanilide /Sigma, code 1394) 9.6 mg/ml DMSO

Procedure: Reaction mixture, containing 1.1 ml of 0.05 mol/l TRIS HCl buffer solution pH 7.5 + 0.4 mol/l NaCl, 50 µl of elastase solution and 5 µl of mud extract, or DMSO in case of control, was pre-incubated for 30 minutes at 37°C in water bath. The reaction started through the addition of 50 µl of substrate solution Suc-Ala-Ala-Ala-p-nitroanilide (1 x 10-3 mol/l in reaction mixture). After 40 minutes, it was stopped through the addition of 0.2 ml of ice acetic acid. All samples had corresponding blanc prepared through the addition of elastase into reaction mixture after the reaction stopped. During the reaction, elastase releases p-nitroaniline from substrate. It is identified through spectrophotometric measurement of absorbance at 410 nm. Inhibition through mud extracts was evaluated in %. Results are presented in charts 13.

Chart 13. Inhibition of pure leukocyte elastase by mud extracts

	Fraction designation
	Inhibition in %

	AC 21

AC 22

AC 23

AC 24

AC 25

AC 26

Px 710

Px-ST
	5.5

77.3

75.7

14.6

59.1

48.2

33.7

0


3 Isolation and Characteristics of Substances Obtained from Effective Mud Extract

3.1 GC/MS Identification of Substances Isolated from Lipophyle Mud Portions

GC: colony DN-5MS 30 m x 0.315 mm x 0.25 µm (J&W).

Heat program

a) ti 300°C, tc 60°C 2´, 60 – 290°C 10°/min, 290 °C 10 min, carrier gas He, flow rate 100 ml, split 1 : 100, coating 1 µl.

b) ti 300°C, tc 150 - 300°C 10 min-1, 300°C 25 min, carrier gas He, flow rate 100 ml, split 1 : 100, coating 1 µl.

MS: ionisation energy 70 eV, range of 30 – 500 m/z, interface t 250°C, threshold 1,000, (filament current 3.00, source current 956, trap current 155 uA.).

The following text lists tr (min) values of retention time and m/z of the more significant MS fragments (in brackets, there is their relative intensity with respect to principal peak). Identification took place on the basis of measured spectrums comparison with published data, measured standards or interpretation of spectrums through calculation. Recordings of GC samples PX-1, PX-56 and PX-710 are depicted in Figures 11 – 13 and sample weight spectrums of cholest-7-en-3-ole, or sitostanole are in Figures 14 and 15).
PX-1

Heat Program a)

Phthalides

14.280

 19.693

Alcanes:

	15.831

.16.857

21.953

17.057

18.892

21.803
	15.990

17.057

22.545

17.424

19.426

21.953
	16.106

21.036

22.679

17.674

20.010

22.545
	16.298

21.211

24.047

17.949

21.036

22.679
	16.557

21.578

24.172

18.333

21.211

24.047
	16.632

21.803

16.857

18.633

21.578

24.172


t= 14.639


255 (M-1, 48), 213 (21), 191 (23), 159 (38), 129 (35), 127 (50),95 (46),87 (36), 83 (32), 

[image: image30.jpg]



73 (95), 64 (93), 60 (90), 43 )100)


HEXADECANE ACID

t= 14.930


284 (M+,6), 241 (6), 227 (2), 213 (3), 199 (3), 185 (4), 171 (2), 157 (13), 143 (8), 129 


(6), 115 (5), 101 (52), 88 (100), 83 (16), 73 (31)
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ETHYL ESTER OF HEXADECANE ACID

t= 15.673


202 (M+, 100), 200 (22), 173 (5), 150 (3), 110 (5), 101 (27), 99 (39), 88 (16), 86 (14).
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FLUORANTENE

t= 15.981


277 (1), 235 (3), 207 (6), 179 (7), 165 (7), 151 (5), 137 (12), 123 (32), 109 (40), 95 (66), 


81 (61), 69 (100).

TERPENOIDE

t= 18.633


340 (M+, 6), 311 (15), 295 (31), 255(7), 157 (38), 101 (50), 95 (36), 88 (100), 82 (41), 


55 (58).


ETHYL ESTER OF C-20 acid

t= 18.892


292 (100), 277 (12), 264 (4), 249 (6), 235 (8), 221 (9), 207 (26), 195 (28), 181 (38), 177 


(40), 167 (56), 155 (20).

t= 18.992


292 (65), 258 (12), 207 (100), 193 (20), 177 (49), 165 (20), 120 (18), 108 (21), 95 (24).

STEROLES AND RELATED SUBSTANCES
t= 25.081


402 (M+, 21), 387 (M-15, 16), 384 (M-18, 3), 369 (10), 355 (6), 276 (9), 248 (11), 234 

[image: image33.jpg]HO




(24), 233 (44), 216 (18), 215 (58),165 (29),43 (100).


ERGOSTANOL                                                                         
t= 25.315


412 (M+ 29), 397 (M-15, 3), 394 (M-18, 5), 379 (6), 369 (4), 351 (12), 340 (2), 314 


(11), 300 (16), 272 (16), 271 (27), 255(32), 243 (8), 213 (18), 201 (17), 159 (36), 55 
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(100).


SITOSTA-5,22-DIEN-3-OL 
t= 25.423

[image: image35.jpg]



414 (M+, 24), 399 (M-15, 7), 371 (8), 353 (18), 316 (10), 302 (36), 387 (17), 273 (46), 


257 (44), 231 (29), 217 (22), 203 (12), 161 (30), 55 (100).

SITOSTA-22-EN-3-OL

t= 25.540

[image: image36.jpg]



416 (21), 401 (M-15, 32), 398 (M-18, 17), 359 (9), ,44 (3), 316 (9), 303 (3), 290 (6), 234 


(20), 233 (58),215 (86),201 (12), 149 (55), 43 (100)


SITOSTANOL

t= 25.782


410 (M+, 10), 395 (M-15, 8), 369 (3), 342 (2), 299 (11), 267 (13), 239 (15), 217 (13), 


204 (18), 191 (190), 189 (75).


SITOSTATRIENOL

t= 25.923


414 (M+, 54), 399 (M-15, 23), 396 (M-18, 28), 381 (24), 354 (9), 344 (6), 329 (46), 303 


(54), 273 (26), 255 (34), 231 (37), 218 (66), 213 (52), 203 (44), 163 (61), 159 (65), 43 


(100).


β-SITOSTEROL 
t= 26.074


416 (34), 401 (M-15, 28), 383 (12), 359 (6), 343 (3), 316 (9), 290 (12), 234 (44), 233 


(90), 215 (100), 201 (12), 165 (60), 147 (38), 107 (82).


SITOSTANOL ISOMERE

t= 26.399


414 (M+, 29), 399 (M-15, 12), 3891 (3), 368 (2), 324 (25), 301 (5), 267 (31), 232 (45), 


231 (100), 218 (43), 217 (51), 203 (22), 189 (22), 163 (38).


SITOSTEROLE ISOMERE (SITOSTA-8-EN-3-OL)

t= 26.716


426 (M+, 20), 411 (M-15, 12), 396 (2), 383 (16), 257 (56), 218 (83), 206 (47), 205 (60), 


191 (36), 163 (52), 43 (100).


CYCLOARTENOL

 t= 27.233


404 (15), 389 (8), 369 (12), 344 (11), 329 (12), 233 (30), 204 (42), 191 (100), 135 (74), 


95 (68), 69 (65).?

t= 27.375


412 (20), 397 (8), 370 (16), 327 (10), 289 (23), 288 (25), 229 (48), 148 (39), 124 (100).


SITOSTEROL ISOMERE

t= 28.067



428 (4), 413 (10), 411(2), 395 (4), 275 (14), 257 (11), 233 (18), 207 (28), 191 (53), 189 


(48), 165 (45), 149 (60), 123 (62), 109 (80), 95 (100), 81 (77), 69 (92).


TRITERPENOID

t= 28.326


426 (10), 411 (8), 369 (2), 341 (2), 302 (6), 287 (5), 273 (21), 245 (32), 245 (31), 231 


(22), 205 (33), 163 (37), 137 (44), 124 (73), 123 (75), 109 (80), 95 (92), 69 (100).


TRITERPENOID

t=28.926



428 (5), 413 (4), 411 (2), 395 (4), 207 (30), 191 (100), 189 (38), 163 (8), 149 (8), 


123(38), 109 (45), 95 (50), 81 (45 ), 69 (62).

TRITERPENOID

PX-56







Fig. 12

Heat Program b)

STEROLES

t= 12.274


386 (M+, 21), 371 (M-15, 12), 353 (1), 341 (1), 246 (8), 232 (48), 231 (100), 217 (36), 


163 (35), 123 (38), 121 (40), 107 (33), 95 (40), 81 (42), 55 (56).

CHOLESTEROL DERIVATIVE (CHOLEST-7-EN-3-OL)

t= 13.625


412 (M+, 12), 397 (2), 369 (9),  351 (3), 314 (7), 300 (14), 271 (30), 255 (15), 163 (22), 


147 (17), 123 (52), 95 (48), 81 (62), 55 (100).


STIGMASTEROL

t= 14.079


410 (M+, 5), 395 (M-15, 10), 367 (7), 341 (4), 315 (4), 297 (5), 288 (10), 273 (5), 257 


(3), 218 (100), 203 (68), 189 (20), 175 (28), 161 (20), 135 (29), 95 (55), 69 (70), 57 


(95).


OLEANEN (or isomers). 
t= 14.280


414 (M+, 20), 399 (12), 281 2), 217 (4), 301 (3), 291 (2), 273 (2), 246 (10), 231 (100), 


217 (41), 163 (30), 123 (32), 107 (33), 95 (42), 91 (44), 55 (61).


SITOSTEROL (γ-sitosterol?)

t= 15.542



426 (M+, 6), 411 (3), 395 (4), 257(6), 218 (100), 207 (25), 203 (30), 189 (56), 175 (17), 


161 (21), 149 (30), 147 (28), 135 (35), 107 (39), 95 (48), 81 (46), 69 (49).


CYCLOARTENOL

t= 15.083


404 (48), 389 (18), 282 (10), 266 (7), 237 (14), 207 (17), 198 (100), 183 (80), 145 (46), 

125 (21), 111(25), 97 (38), 83 (42), 69 (70), 55 (78).

TERPENOID

t= 15.864


428 (2), 413 (3), 410 (3), 395 (4), 367 (4), 275 (5), 231 (8), 207 (28), 191 (92), 189 (85), 


149 (100), 135 (28), 123 (29), 121 (32), 109 (40), 107 (37), 95 (100), 81 (68), 69 (71).


TERPENOID

t= 16.143


426 (M+, 7), 411 (4), 341 (3), 302 (8), 273 (22), 246 (18), 231 (21), 218 (22), 205 (25), 


123 (73), 109 (82), 95 (96), 81 (78), 69 (100).


TERPENOID (Lanosterol ?)

t= 16.747


428 (M+, 6), 413 (2), 410 (2), 395 (2), 207(30), 191 (100), 189 (22), 136 (18), 135 (16), 


109 (13), 95 (18), 81 (19), 69 (46).


TERPENOID

PX-710








Fig. 13

Heat Program b)

Alcanes

	4.255

6.302

8.422
	4.389

6.679

9.007
	4.621

6.899

9.744
	5.120

7.468

10.483
	5.898

8.241

11.941


Phthalides

7.710

9.075

STEROLES

t= 11.656


388 (M+, 16), 373 (M-15, 23), 370 (M-18, 18), 355 (20), 331 (8), 355 (20), 331 (8), 316 

(6), 288 (4), 233 (48), 21 (100), 201 (154), 175 (16), 165 (22), 161 (27), 149 (65), 107 

(81), 95 (85), 891 (78).

CHOLESTANOL

t= 12.285


386 (M+, 20), 371 (M-15, 14), 263 (3), 246(7), 234 (25), 231 (100), 217 (35),

 163 (28), 123 (26), 121 (30), 107 (27), 95 (38), 81 (41), 69 (23).

CHOLESTAN-3-ON


t= 12.553


402 (M+, 13), 387 (M-15), 384 (M-18, 18), 369 (17), 345 (8), 330 (4), 276 (5), 257 (4), 


233 (42), 231 (17), 215 (82), 201 (17), 165 (26), 149 (32), 147 (30), 135 (21), 133 (24), 


124 (28), 121 (32), 119 (27), 108 (35), 107 (69), 105 (37), 93 (41), 81 (44), 69 (38).


ERGOSTANOL

t= 12.620


402 (M+, 22), 387 (M-15, 20), 369 (15),355 (4), 289 (4), 362 (23), 248 (41), 247 (52), 


229 (100), 207 (13), 179 (66), 161 (31), 149 (30), 135 (28), 121 (83), 107 (71), 95 (74), 


81 (71), 67 (40).


4-METHYL-CHOLESTAN-3-OL

t= 12.879


414 (M+, 19), 399 (7), 353 (15), 330 (4), 302 (17), 287 (10), 273 (32), 257 (38), 255 (9), 


215 (18), 201 (12), 175 (22), 161 (38), 147 (37), 135 (51), 121 (41), 109 (52), 107 (55), 


95 (77), 93 (62), 81 (91), 69 (47), 67 (51), 55(100).


4-METHYL-ERGOST-8-EN-3-OL (or SITOSTEROL)

t= 13.181


428 (M+, 4), 413 (M-15, 10), 395 (80), 315 (12), 297 (18), 207 (20), 191 (21), 175 (16), 


161 (27), 149 (30), 135 (38), 121 (75), 107 (100), 94 (78), 69 (50).


CYCLOARTANOL (?).

t= 13.298


400 (M+, 017), 385 (9), 232 (41), 231 (100), 217 (36), 163 (23), 124 (18).


ERGOSTANON

t= 13.415


416 (M+, 17), 401 (M-15, 21), 398 (M-18, 15), 383 (17), 359 (9), 344 (4), 316 (4), 290 


(3), 257 (7), 233 (42), 215 (81), 201 (14), 175 (12), 165 (21), 161 (28), 149 (42), 147 


(38), 124 (26), 121 (32), 107 (68), 95 (65), 81 (61), 68 (53), 67 (43), 55 (69), 43 (100).


SITOSTANOL

t= 13.523


428 (M+, 12), 413 (M-15, 74), 395 (62), 299 (7), 273 (18), 229 (12), 227 (10), 187 (17), 


175 (25), 161 (22), 147 (26), 135 (28), 133 (25), 119 (35), 111 (38), 111 (38), 109 (45), 


95 (51), 83 (45), 69 (71), 57 (72), 43 (100).


LANOST-8-EN-3-OL 
t= 13.657


416 (M+, 10), 401 (M-15, 8), 383 (6), 369 (3), 314 (3), 271 (12), 262 (8), 243 (22), 215 


(3), 203 (4), 175 (12), 163 (21), 161 (18), 149 (32), 122 (66), 109 (64), 95 (65), 81 (61), 


69 (53), 67 (45), 55 (100).


SITOSTANOL ISOMERE

t= 13.858


416 (M+, 3), 401 (M-15, 5), 383 (4), 302 (7), 287 (6), 269 (4), 233 (12), 215 (15), 204 


(19), 175 (2), 165 (10), 147 (8), 125 (26), 111 (37), 97 (72), 83 (64), 69 (73), 57 (100).


SITOSTANOL ISOMERE


t= 13.992


428 (M+, 4), 413 (M-15, 35), 395 (28), 273 (12), 207 (23), 205 (20), 189 (17), 175 (12), 


161 (22), 147 (26), 135 (28), 133 (25), 119 (35), 109 (67), 95 (100), 81 (28), 69 (41), 57 


(52), 43 (72).


ISOMERE LANOST-8-EN-3-OL

t= 14.092


426 (2), 411(2), 395 (6), 367 (3), 288(4), 273 (2), 257 (4), 218 (100), 207 (10), 203 (65), 


189 (22), 175 (23), 161 (16), 147 (19), 135 (23), 120 (30), 109 (35), 95 (55), 81 (35), 69 


(38).


BETA-AMYRIN 
t= 14.293


414 (23), 399 (8), 317 (3), 246 (6), 232 (35), 231 (100), 217 (31), 213 (11), 189 (9), 175

 (12), 163 (28), 149 (12), 135 (22), 123 (31), 109 (33), 95 (38), 81 (42), 69 (31), 55 (59), 

43 (70).
TRITERPENOID

t= 14.561


426 (5), 411 (2), 395 (6), 272 (3), 257 (5), 218 (100), 207 (21), 203 (32), 189 (36), 175 


(23),161 (26), 147 (212), 135 (33), 120 (30), 107 (36), 95 (48), 81 (35), 69 (44).


BETA-AMYRIN – ISOMERE

t= 15.037


426 (8), 411 (9), 408 (12), 379 (11), 300 (12), 259 (8), 241 (6), 203 (12), 175 (33), 151 


(35), 147 (46), 135 (38), 133 (51), 121 (65), 109 (67), 95 (85), 81 (58), 69 (94), 55 


(100).


LANOST-8-EN-3-OL ISOMERE

t= 15.895


428 (1), 413 (2), 395 (3), 275 (4), 259 (6), 231 (8), 207 (22), 191 (91), 189 (84), 177 
(23), 163 (28), 149 (88), 135 (36), 123  (42), 108 (66), 95 (100), 81 (68), 69 (84).


TRITERPENOID.

t= 16.797


428 (M+,7), 413 (3), 410 (2), 395 (2), 207 (38), 191 (100), 189 (32), 135 (28), 109 (33), 


95 (45), 81 (32), 69 (66).


TRITERPHENE

t= 22.696


56 (M+, 3), 441 (5), 369 (14), 235 (100), 217 (8), 191 (88), 177 (14), 163 (20), 149 (39), 


135 (29), 123 (37), 109 (46), 95 (98), 81 (68), 69 (91).
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Figure 11  GC recording of sample PX-1
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Figure 12  GC recording of sample PX-56
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Figure 13  GC recording of sample PX-710
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Figure 14  Weight spectrum choles-7-en-3-ol
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Figure 15  Weight spectrum sitostanol

Conclusions


GC/MS analysis was to evaluate three samples: PX-1 represents the original acetone mud extract (AC-2) further purified in column chromatography. S range of fractions was obtained, of which PX-56 and PX-710 represent combined portions containing sterols. In medical practice, substances with steroid structure are used as antiflogistics and antirheumatics. Except for steroids, antiinflammatory, or antirheumatic activity is also characteristic for certain triterpenoids. Recently, remarkable effects of e.g. boswel acid and its derivates were published (triterpenes of amyrine type) [1-3].
[image: image19.jpg]Kyselina boswelova




We assumed that of the set of identified substances, biologic activity could be shown by the group of steroids. Its relation with related substances in common metabolic mechanisms is depicted in Scheme 3.


Depending on the representation of sterols in analysed samples, it is impossible to clearly deduce their origin, since the mixture contains substances of vegetal (triterpenes, sitosterol), animal (cholestanes) and microbial (ergosterol) origins. Principal types of identified terpenoid substance are depicted in Scheme 4.


The presence of alcans in studied samples is remarkable. Their presence is probably related to external polution. The presence of phthalides is probably caused through mud contact with rubber (e.g. hoses, or plastics, where these substances are used as softeners).
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Scheme 3  Biosynthetic Routes of Terpens, including sterols
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Scheme 4  Principal skeletal code of identified terpenoid substances

4 Study of Piešťany Spa Mud Effect on the Development of Osteoarthritis in the Knee Joint of Rabbits
Study Objectives

The study aimed to confirmed in vivo the curative effect of thermal mud in native and heterogenous form on the development of osteoarthritis induced enzymatically in knee joint of rabbits. 

Tested Substances:

Spa mud (Spa House Pro Patria, Slovenské liečebné kúpele, Piešťany)

In the course of testing, mud with precise designation was delivered to VÚRCH on the day of application and applied to animals in laboratory of the worksite with experimental animals. 

Preparation of Tested Substances:

Mud kitchen of Spa House Pro Patria was used to prepare the application form of mud. There, the mud was heated to 42 – 44°C.

The compress preparation took place as follows: the recommended volume of mud (from thermos flask) was applied to the affected area (knee joint of rabbits), covered in two layers: combed Silone, rubber coated linen, wrap. Following mud removal, the knee was kept warm through a dry wrap of linen and rug. The wraps were always prepared fresh before application. 

Chemicals:

Collagenase (Sigma-Aldrich Chemie GmbH, Deutschland, batch No. 107H8649, stored at 2-8°C), 6 M HCl (Merck, Darmstadt, Deutschland), n-butanol, acetic acid, celulosis, natrium sulphate (Sigma-Aldrich Chemie GmbH, Detschland), distilled water (pharmacopoeial quality, pharmacy Poliklinika, Piešťany), xylasine, cetamine (pharmacopeial quality), chemicals for the identification of creatine in urine – company kit SYS 1 BM/Hitachi 704/911.

Support Material:

Syringes, needles, cottonwool, gauze, tubes, surgical scissors, scalpel, bone scissors, SPE colonies filled with microparticular cellulose.

Equipment and Instruments:

Electronic scales (METTLER – TOLEDO, man. No. SRN 1115181301),

Electric compressor freezer – 20°C (SAMSUNG CALEX, Zlaté Moravce, Slovakia, man. No. K29-8805), stereomicroscop (OLYMPUS S240, Japan), automatic analyser Hitachi 911, chromatographic system: pmp LC10 AD, integrator CR 6A, spectrofluorometric detector RF 551 (Shimadzu, Japan), samples injector R 7725 (Rheodyne, USA) and colony HEMA BIO 1000 SB 250 x 4 mm (Tessek, Czech Republic), densitometric instrument HOLOGIC QDR – 4500 (Waldham, HA, USA).
Experimental Animals:

36 male rabbits New Zealand White (NZW) (live mass 2.53 ± 0.09 kg) from Výskumný ústav živočíšnej výroby Nitra, kept in conventional stud of Piešťany VÚRCH experimental menagerie. The animals were kept in cages for laboratory rabbits – 1 animal per 3,000 cm2 with 12 hours of daylight/12 hours of darkness. Indoor temperature represented 20 – 24
°C, humidity 35 – 55 % (recorded by a thermohydrograph). Animals were fed feeding mixture MK (TOP DOVO Dobrá Voda) and waster was available ad libitum. Animals were delivered in two deliveries of 18 pieces with the first taking place 2, September 2000. From the day of delivery, the animals were in quarantine for 7 – 10 days. After reaching the weight of 2.50±0.10 kg, the study started.

Experiment Implementation:
The study took place on a set of 36 animals divided into 6 groups of 6 in two parts – 18 rabbits each:

1 healthy control (HC)

2 untreated osteoarthritic control (OA)

3 osteoarthritic treated with inactive mud (OA – IM)

4 osteoarthritic treated with thermal inactive mud (OA – TIM)

5 osteoarthritic treated with active mud (OA – AM)

6 osteoarthritic treated with thermal active mud (AO – TAM)

In the healthy and osteoarthritic control, simulation substances was distilled water.
Osteoarthritis induction: Osteoarthritis was induced by the application of 0.5 ml of collagenase solution 2mg/ml in physiological solution using intradermal injection into right and left knee joint of rabbits New Zealand White with live mass 2.50±0.10 kg.

Application to Animals: tested substances were administered in the form of wraps minimum 2 cm thick in the area of knee joint for a period of 20 minutes. Following application, the mud was washed off with warm water. After drying, the knee was wrapped in dry wrap of linen and rug for 20 minutes. Mud was applied 3 times per week, every second day, just like in case of treated patients (Monday, Wednesday, Friday).

Assessed parameters: From the studied indicators, the following were defined: animal weight, macroscopic morphology, bone mineral density, bone mineral contents of thigh and calf bones, biochemical indicators pyridinoline, creatine in urine. Urine samples were collected in the 2nd, 4th and 6th study weeks and conserved through freezing. The values of pyridinolines and creatine in urine were identified. Pyridinoline (Pyr) was measured in hydrolysed urine samples. Urine was hydrolysed at 110°C in 6 M HCl for 16 hours and Pyr was defined using the method of highly efficient liquid chromatography (HPLC). The identified pyridinoline was converted to the volume of creatine. Creatine in urine was identified with the help of company kit SYS 1 BM/Hitachi 704/911. The method is based on the formation of a coloured complex creatine/picrate acid in alkaline medium. Its absorbance is measured photometrically using Hitachi 911. Pyridinoline in urine was identified in the the laboratory of binding agents biochemy No. 201 and creatine in the laboratory of clinical biochemy No. 411.


After the 6th study week, animals were subjected to euthanasia. Thigh and calf bones were abstracted for densitometric examination and thigh condylas for morphological assessment. Following thorough cleaning, they were de-greased and fixed in 80% ethyl alcohol. In such prepared bones, bone mineral density and bone mineral contents were studied. Cartilaginous tissue destructions of thigh condylas were evaluated with the help of stereoscopic microscope pictures using a 4 grade scale according to modified Yoshioku methodology. Animal euthanasia was performed using natrium pentobarbital. Collected samples and laboratory examinations took place at the clinical biochemy department. Morphological examinations were performed at the School of Animal Anatomy and Physiology SPU Nitra.
Results Processing:

To describe experimental results, we used elementary statistical values of descriptive statistics (arithmetic average, standard deviation) and single-factor variance analysis (ANOVA). Data were processed in the form of charts, graphs and form part of the report.

Results

Clinical Study of Animals:

Clinical symptoms of osteoarthritis, such as pain, were assessed on a three grade scale: limited movement 3 points, good 2 points, very good 1 point.

Chart 14.  Clinical assessment of rabbits

	Rabbit groups
	2nd week 
	3rd week
	4th week
	5th week
	Total points

	HC

OA

OA-IM

OA-TIM

OA-AM

OA-TAM
	1

3

3

3

3

3
	1

3

3

2

2

3
	1

2

2

2

2

1
	1

2

2

1

2

1
	4

10

10

8

9

7



Clinical study of animals clearly showed significant deterioration of mobility following the application of collagenase in the second study week. Gradually developing osteoarthritis limited the mobility of rabbits throughout the entire study. Significant improvement of mobility was only observed in the group of OA rabbits treated with thermal spa mud. Slight improvement was also seen with the application of thermal inactive mud.

Live Mass of Animals (kg):

Live mass was reduced with the age of animals. The impact of collagenase administration was the most significant in the 2nd study week.
Chart 15. Live mass of rabbits

	Rabbit groups
	1st week
	2nd week
	3rd week
	4th week
	5th week

	HC

OA

OA-IM

OA-TIM

OA-AM

OA-TAM
	2192±514

2314±297

2251±170

2232±81

2268±210

2228±94
	2339±446

2211±274

2090±185

2121±171

2083±166

2086±107
	2515±464

2266±314

2144±231

2259±247

2190±164

2234±104
	2887±485

2325±363

2318±335

2492±386

2393±152

2445±169
	2983±369

2355±320

2565±478

2691±191

2592±158

2697±115


Live mass of rabbits (Chart 15, Fig. 16) is statistically significantly lower in animals with OA, compared to healthy controls in the 4th week (p˂0.05) and 5th week (p˂0.01). At the study end, live mass was clearly higher in rabbits treated with both active and inactive thermal mud (p˂0.05). This result suggests that these treated animals probably consumed more food as a results of improved mobility and reduced pain.

Densitometry


Following long-term immobilisation of rabbit’s rear leg, osteoporosis develops just like in humans. Literature states that movement is important activator of osteoblasts. In case of immobilisation, the function of osteoblasts drops, which results in the disturbed balance between osteoformation and osteoresoption for the favour of osteoresoption resulting in osteoporosis development (analogy of Suddeck syndrome). In our study, there was no complete immobilisation of rear legs in the rabbits, but with the gradually developing osteoarthritis and under the impact of pain, the animals moved significantly less, as seen in Chart 14. To make these findings objective, we defined bone mineral density and bone mineral contents in abstracted rear leg bones of rabbits (thigh and calf bone).


Bone mineral density (BMD) is evaluated in Chart 16 and Fig. 17.

Chart 16. Bone mineral density (g/cm2)

	Groups 
	HC
	OA
	OA-IM
	OA-TIM
	OA-AM
	OA-TAM

	
	3.6930±0.77
	2.3930±0.83
	2.6720±0.623
	2.9520±0.56
	2.8945±0.54
	3.2009±0.34



The values of this parameter in rabbits have a trend similar to bone mineral density. In animals with osteoarthritis, BMC dropped significantly compared to the healthy control from 3.69 g to 2.39 g (p˂0.001). Statistically proven improvement was observed in the group of rabbits treated with thermal active mud 3.20 g (p˂0.01).

Results of densitometric examination objectively confirmed subjective assessment of animal mobility expressed in points.
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Fig. 16 Live mass of rabbits (g)
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Fig. 17 Bone mineral density (g/cm2)
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Fig. 18 Bone mineral contents (g)
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5 Discussion

Task B solved within the entire project had two focuses. In the first part, it is rather technological, looking at mud quality and activity (in vitro). In the second part, experiments in vivo looked at the effects of active thermal mud on the development of osteoarthritis in rabbits. Projects (Contracts No. 1058/95, 137/96, 73/98, 93/98) implemented in previous years proved that thermal mud suppresses the growth of several dermatophytes and its antifungal effect represents an important part of the Piešťany spa therapeutical phenomenon. The second, even more important part of the Piešťany therapeutical phenomenon is the finding that mud inhibits processes related to rheumatic diseases. So far, our results confirmed the ability of mud extracts to inhibit in vitro activity of pancreatic and leukocyte elastase, significantly slow down degradation of hyaluronic acid and reduce activity of chondroitinsulphatase. Further studies confirmed close relation between the effects of mud extracts in vitro (inhibition of elastase activity) and in vivo through effects on animals, whereby, it positively influenced rheumatic processes. When applying animals with induced adjuvant arthritis mud extracts at a dose of 2.5 mg/kg of weight for a period of three weeks, we reached a clear therapeutical effect. Positive impact of extracts was reflected in increased weight of treated animals compared to untreated ones, reduced edema of rear legs and reduced presence of bone erosions in rear leg joints (rtg) compared to animals receiving no mud extracts.

Task B focused on finding answers to two questions. Finding the difference between the characteristics and composition of thermal mud and inactive soil and answering, if extracts prepared from regular soil were able to suppress elastase activity, or rheumatic processes. 

To solve the first question, we selected thermal muds from two maturing pools and three “mud kitchens” (Irma, Pro Patria, Balneoterapia) and compared their physical and chemical composition with inactive loess, i.e. soil collected around Banka. Loess (REF Chart 1) contains significantly less organic substances than thermal mud. Organic substances in mud are formed in the course of processes in Váh river dead arm through the activity of present microorganisms, fimbria and higher plants. Big differences were also in the contents of titrable sulphur, the contents of hydrosulphide and the contents of sulphates in compared samples. Thermal mud reached tenfold values in all studied compounds compared to inactive loess. The differences may be explained through the effect of thermal waster with high hydrosulphide and sulphur compounds contents and the following chemical, but also biochemical processes. These processes have been taking place without interruption in the Váh river dead arm for a long time, meaning continuously. The contents of compounds of the R2O3 (metal oxides) type and the contents of iron in loess and thermal mud showed no differences. Iron is very important for biochemical processes related to the metabolism of some sulphur bacteria (Thiobacillus ferooxidans) using sulphur and its compounds for their growth. These processes are closely related to corrosion of thermal water pipes in SLK Piešťany.


With respect to the formation of organic substances possibly related to possible metabolic transformations of inorganic sulphur and its compounds in thermal mud, we studied the presence of free amino acids and water soluble proteins in thermal mud. We assessed these data on a thermal mud sample immediately following its collection (native mud) and in identical sample stored in a fridge for 14 days (semiaerobe process at lower temperature). We prepared water extracts and defined the contents of amino acids following hydrolysis. From the stored mud, we obtained double the volume (weight) of water extract. There have been changes of certain amino acids representation. Metionine concentrations did not change and cystine was not found at all in the extracts. Following the 14 days of storing, the contents of all amino acids dropped significantly in all water soluble proteins. Free amino acids were not identified in the extracts. Results suggest that thermal mud is alive system actively participating in the formation of mud. Should e.g. temperature increase in the preparation or regeneration technological processes, or should chemical substances be introduced to the mud, it could significantly impact mud quality and the process of its formation de novo. 

Parallel thermal mud and inactive loess samples collected under identical conditions and at identical times and analysed physically and chemically, were used for the preparation of extracts. These were used in the assessment of their activity against elastase and part of them for the isolation of organic compounds assumed to be present in mud. Extracts were prepared according to method described in Chapter 2.2 and analysed using thin layer chromatography on plats with silicagel. Following chromatographic separation in several systems, the presence of various substances was detected under UV light at 254 nm, 366 nm and spraying with a mixture of vanillin/sulphuric acid (Fig. 1, 2). Extracts from mud samples collected in the various sources differed in total weight. Further, differences were also in the shares obtained depending on the polarity of used extraction reagents. From thermal mud samples, we obtained two to four times bigger volume (weight) of solids compared to loess.


Activity of solids in respective extracts was assessed according to their ability to inhibit the activity of pancreatic elastase, leukocyte elastase and elastase activity of granulocyte extracts. Using a suitable method, it is possible to obtain from blood high purity granulocytes with a high content of leukocyte elastase. In basic assessment of extracts and pure compounds, we used pancreatic elastase, which is less sensitive, but financially more accessible. Leukocyte elastase is more sensitive and more expensive. Therefore, we used in the assessment of those substances, which showed pancreatic elastase inhibition. Leukocyte elastase represents a serine proteinase with a wide substrate specificity. It degrades to elastine (protein present in phoroblasts), further degrades proteoglycanes, depolymerizates collagen fibrils and directly separates collage of IV type in basal membranes, fibronectine and immunoglobulins. In patients with rheumatic arthritis, leukocyte elastase is present in extracellular matrix and is localised around chondrocytes, as proved in histological analyses. The effect of each extract (AC-1, AC-2, EA, HEX) on pancreatic elastase was assessed  in concentrations 60 µg and 120 µg. The relatively most effective were fractions obtained from thermal mud using polar solvents (methanol and acetone AC-1 and especially AC-2). Overall inhibition (the sum of effects of all extracts prepared from the same mud) reached similar values (Charts 6,7). Activity of extracts prepared from loess reached around 1/10 to 1/20 of the effect of extracts prepared from mud. In therapeutical terms, loess may be concerned practically ineffective. 


We found that leukocyte elastase present in granulocytes is significantly more sensitive compared to pancreatic elastase. When using leukocyte elastase, we reached identical inhibition with the use of 3 to 4 times lower substance concentrations. When using granulocyte extracts, we identified that activity profiles of mud extracts from the various facilities differ (e.g. the activity of hexane solids from Irma and Balneoterapia). This result should be verified with respect to possible qualitative differences caused by different mud characteristics or the quality of collected samples.

Most authors dealing with therapeutical effects of Piešťany thermal mud attributed them to various sulphur modifications, or sulphur compounds found in mud. There are certain principles in sulphur cycle in free nature. Similar relations may also be assumed in thermal mud with certain dynamic balance. Should a small volume of e.g. natrium sulphide be added to mud, the mutual ratios of other sulphur compounds changed immediately and stabilised after a few hours. This suggests that it is not possible and especially not advisable to influence thermal mud through any interventions into its composition! So far, all studies stressed the concentrations of hydrosulphide and sulphides. Some balneologists applied hydrosulphide through direct inhalation in therapeutical procedures. Others applied hydrosulphide and water soluble sulphide baths. These contemplations are justified, since the said substances contain –SH group, which is highly reactive and able to interact with many substances present in the body. In practice, the most efficient medicaments used in rheumatic diseases treatment include those containing –SH group(s), e.g. D-panicilamine, bucillamine, acadion, etc. Their are known for influencing e.g. the activity of myeloperosidase, various oxygenases etc.


In our work, we verified the effects of various sulphur compounds on elastase inhibition (Charts 8 and 12). When using pancreatic elastase as a model, we indentified slight effects with the ues of hydrogen sulphide (conc. 5 x 10-3 mol/l). We reached a cca 12% inhibition with the use of cysteine cca 8%. The effect of sulphur compounds on elastase activity of granulocyte extracts (leukocyte elastase) was demonstrated with the use of (conc. 5 x 10-3 mol/l) sodium sulphate cca 11.9% and sodium sulphite 18.3%. According to our results to date, pancreatic and leukocyte elastases differ not only in concentration terms, but also in sensitivity to identical substances. Despite identifying the elastase inhibition ability only in certain sulphur compounds, it may be considered proof  of our assumptions. Elastase is not the only model enabling the assessment of Piešťany thermal mud and water curative effects, or of the compounds found therein. We assume it will be possible to use other models to study the activity of compounds in thermal mud.

In the following study section, we attempted to isolate substances from effective fractions prepared through thermal mud extraction. The most interesting and most efficient proved to be acetone extracts AC-2. These were combined into one sample and gradually divided on a colony. (Chapter 3) and substances present in fractions were studied in thin layer chromatography (Chapter 2.2). For substance detection, we used UV 254 nm and 366 nm and vanillin/sulphuric acid mixture as reagent. Fractions were combined according to identical colouring, as presented in Charts 11 and 13. The effect of respective fractions was assessed according to their effects on elastase activity. In these experiments too, pancreatic elastase showed relatively little sensitive. Fractions prepared through the separation of AC-2 and designated AC 21 to AC 26 significantly inhibited elastase activity of granulocyte extracts and especially the activity of pure leukocyte elastase (Charts 11 and 13).


In Chapter 3.1, we identify three samples. PX-1 represents the original acetone mud extract (AC-2). Substances designated PX-56 and PX-710 were obtained through purification of fractions AC-2 and represent portions containing sterol. Substances of steroid structure are used and anti-rheumatics, or anti-inflammatories in practice. Based on chemical identification of substances present in fractions PX-56 and PX-710 and based on their elastase inhibition effects, it is possible to conclude that thermal mud contains steroid structure compounds participating in anti-rheumatic and anti-inflammatory effect of mud.

The last, but very important item in task B was the study of Piešťany mud effects on the development of osteoarthritis in animals. In previous studies, we already proved that thermal mud extracts inhibited elastase activity in vitro. Assuming that elastase participates in rheumatic processes, its inhibition through fractions prepared from mud signalises that mud contains substances having curative effects on rheumatic diseases. The ability of mud extracts to improve the disease process in animals with induced adjuvant arthritis was confirmed. Direct application of thermal mud in animals would confirm the results of previous studies. It was to clearly complete proof of thermal mud curative effects. In these experiments, we used rabbits. Through collagenase application, we induced osteoarthritis in them. After some time, diseased animals were administered thermal and inactive mud (loess) three times per week for a period of 6 weeks. The following parameters were assessed: weight of animals, macroscopic morphology, bone mineral density, bone mineral contents of thigh and calf bones; biochemical indicators: pyridinolne and creatine in urine were studied. Following experiment completion (after 6 weeks, the animals were subjected to euthanasia and thigh and calf bones were abstracted for densitometric and morphologic assessment. With respect to the experiment size (36 animals), time and professional demands, some results are still in processing. From the already measured BMD and BMC values (Fig. 17, 18, Charts 16, 17) reached in experiments, there is a clear conclusion that compared to untreated osteoarthritic control, significant improvement was only reached in animals treated with active thermal mud.
We consider all the information presented in the study to represent sufficient proof and we consider the solution of task B objectives to be completed. 

6 Evaluation

A
From thermal mud extracts, the most significant pancreatic elastase inhibition activity was recorded in acetone fractions AC-1; with respect to elastase activity of granulocyte extracts, there are fractions AC-1 and AC-2

B
Extracts prepard from loess did not inhibit the activity of pancreatic elastase or elastase activity of granulocyte extracts (ineffective)

C
overall inhibition of pancreatic elastase through thermal mud extracts was almost identical with all mud kitchesns and maturing pools. Of the fractions, AC-1 was the most efficient one.

D
Elastase activity of granulocyte extracts was inhibited by extracts from all three mud kitchens at almost the same levels. Reduced efficiency was recorded in extracts from mud in maturing pools. Fractions AC-1 and AC-2 were the most efficient.
E
Fractions prepared through division of extracts AC-2 only inhibited pure leukocyte elastase and elastase activity of granulocyte extracts. 

F
Active substances of mud extracts participating in elastase activity inhibition also form organic compounds with steroid structure.

G
Of sulphur compounds with known structure in conx. 5.10-3 mol/l, only sodium sulphite had a more significant inhibition effect on elastase activity of granulocyte extracts.

H
In in vivo exeperiments, statistically material improvement was only proven (BMC, BMG values) in the group of animals treated with thermal mud.
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