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INTRODUCTION
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ABSTRACT

A vast majority of people in Macedonia use bottled water for drinking. Use of
bottled water without knowing the F level may expose children to dental caries
risk if the F level is lower than optimal or to dental fluorosis if the F level is too
high. To determine the content of fluoride in drinking bottled water available in
the country. Thirty-five commercial brands of bottled water (12 out of 23
domestic production and imported brands) were procured from bigger markets
in the Republic of Macedonia. Determination of the content of fluorine is
performed using ion selective electrode (Thermo Orion lon Plus Fluoride
Electrode) and lonometer (pH/ISE meter - Thermo-Orion) of the public health
Institute. The content of fluoride in packaged water from domestic production
ranged from 0.035 in Spring to 1.086 in vision with an average 0.368 (+ 0.305),
while imported bottled water ranged from 0.032 in ordinary water ROSA to
2.220 in bottled water KOM, with an average 0.631 (+ 0.497). There was a wide
variation in the F levels in the different brands of bottled water. Parents that
use bottled water to prepare powdered milk for babies and baby foods should
be aware that it may contain higher concentrations of fluoride and put their
child at risk the occurrence of dental fluorosis.

Keywords: Bottled drinking water; Fluoride; lon-selective electrode;

Macedonia.

Proper use of fluoride contributes to the improvetr& oral health worldwide and in our country [1].
The drinking of water is a principal means by whiltlorine is introduced into the human body andydhB%
of the population receives optimally fluoridatedurally water main by the public water systems [2].

The drinking water in the country has a low contehfluorine, which is correlated with high average
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DMFT score of 6.88 among the 12 year olds of oypuytation. The concentration of fluoride in drinkingter
from public water utilities in the country movesin 0-0.4 mg/l [3, 4].

Water used for drinking purpose, directly or irdity by addition into juices and food is an impaoit
source of intake of fluoride in the body. Nowadawere is a trend of increased use of natural drivécause of
the development of a passion for exercise, fitnfesguent travel and the trend of consuming foodabinome.
All these trends along with people's concerns alioeittaste and quality of water from public watepgly
systems, contribute more people to used bottlednwvat

The recent floods that occurred in the country,clvhivere followed by a public invitation from the
Institute of Public Health of the citizens not tonsume drinking water from a public water supplythe
flooded areas and regions, contributes to increesasumption of the bottled drinking water.

Besides that our country is rich in water [4], @m@ount of imported bottled water is continuously
increasing in the last six years [5] (Figure 1).

35000000 -
30000000 -
25000000 -+~
¥ Mineral and carbonated
20000000 - water in liters
15000000 - - Mineral and carbonated
water containing
additional sugar
10000000 -~
5000000 -
0 T T T T T 1

2007 2008 2009 2010 2011 2012
Figure 1. Imported mineral and carbonated water for 20072284pressed in liters.

The concentration of some elements, such as calaadium, iron, silver and aluminum in bottled wate
are regulated in most countries, one of which issolithe appearance of fluorine in drinking wateries
depending on the type/composition of the soil.

The content of fluoride in bottled water can beyveariable and if above optimal levels may have a
negative impact especially on the oral health oldoén who drink bottled water as the primary seuof
drinking water.

According to WHO recommendations [6] and also adicgyto our current regulations [7], the content of
fluorine in water drinking to 1.5 mg/l. The proteetrole of fluoride in drinking water from the daes is most
apparent at concentrations of 0.8-1.2 mg/l.

Because nowadays people consume more bottled wmigivkater, the need to determine the content of
fluoride in it. Aim of the paper is to determinestbontent of fluoride in packaged drinking wateaitble in
the market in the country. These data will be usa$udentists dealing with clinical practice aslIves those
working in public health and to use when you nemdhiplement fluoride prophylaxis of individual orass
level.

MicroMedicine 2017; 5 (2): 31-36
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MATERIAL AND METHODS

During 2008, 35 commercial brands of bottled watere purchased from major markets in the Republic
of Macedonia. After shaking the bottle with watennl of each sample is taken and mixed with 0.ITothl
lonic Strength Adjustment Buffer. The concentratidriluoride in all 35 samples was determined ughwegion
selective electrode (Thermo Orion lon Plus Fluoriitlectrode) and lonometer (pH / ISE meter - Thermo-
Orion) of the Public Health Institute. Chemical lys& was used 10% TISAB Aluminon. Fluorine solago
standards with a concentration of 0.01 to 1.00 mvgfle used to calibrate measurements.

RESULTS

From 35 packaged water, 12 (34%) was producedanddonia, respectively Table 1 presents the most
widely used brands of bottled water in our counting, established concentration of fluoride, andj¢galgvalues
for fluoride and pH of the declaration. The concatmdn of fluoride in bottled water from domesti®guction
is within the lowest value of 0.035 for Spring ke thighest value of 1,086 for Vizijana.

Table 1 The content of fluorine in 12 packaged water fr@domestic production.
Concentration of

Brand of Source Type Concentration .
bottled water of water of water of fluoride fluoride markgd on PH value
the declaration
Vizijana Klechovce village Natural 1,086 1.00 nadicated
Kozuvcanka Mrezicko village Spring 1,046 not indéxh 6.5
DobraVoda Topolovic Natural 0,81 not indicated imakicated
Akva Kokino Nagoricane village Natural 0,34 noticated not indicated
Pela Rosa Kremenica Natural 0,32 0.14 6.6
Germina Germijan village Natural 0,3 not indicated  not indicated
Pelisterka Medjitlija village Natural 0,149 not indted 7
Davina Skopje 0,105 0.4 7.5
Gorska Trnskot Spring 0,084 not indicated 6
Ladna Breza-Lisec Spring 0,080 not indicated ndiciated
Aqua Kiss Kochani 0,071 not indicated not indidate
Izvorska Vasov Grad Spring 0,035 not indicated indicated

From 12 branded packaged water (domestic prodyctimty three had pointed the content of fluoride
on its declaration, from which two did not corresgdo the content that we have determined.

Table 2 presents imported packaged water with dineantration of fluorine which we have determined
and it ranged from the lowest value of 0.032 mi/bottled water Rosa originating from Serbia to20.2n
water Kom originating from Bulgaria.

As for the quality of labeling of packaged water, (48.5%) packaged water not emphasized fluorine
content on their label, while 18 packaged waterphamized contents of fluorine, in 8 that does wotespond
to the content we have determined.

Table 3 presents the average, maximum and minimaloes that we received for mineral waters and
those imported from domestic production.

MicroMedicine 2017; 5 (2): 31-36
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Table 2 Content of fluoride in 23 imported packaged water

Brand of Source Country Concen.tratl.on Conc_entranon of pH value marked
- of fluoride in fluoride marked .
bottled water of water of origin : on the declaration
the water on the declaration
Kom Barzia village Bulgaria 2,22 2.2 9.0
Zlatibor Spnng on the Serbia 1,52 not indicated not indicated
mountain Zlatibor
Knjaz Milos Arangelovac Serbia 1,41 1,3 not indécht
Heba .HEBAA Serbia 1,28 1,45 not indicated
Bujanovac Spa
Klokoti Vitina Kosovo 1,15 not indicated not indied
Studenac Earls springs Lipik Croatia 1,07 15 ndicated
Ozkainak Y&am Kayngi Turkey 0,935 0,72 6.5
Uludag Caybasi Koyu Turkey 0,81 not indicated maolicated
Bursa Bursa Turkey 0,79 not indicated not indicated
Spring Jamnica, on
Jamnica the river Kula, near Croatia 0,77 0,9 not indicated
the Karlovac city
Spring on the river
Voda Voda in the mountain Serbia 0,71 0,48 7.23
Suvobor
Rader]ska Kraljevi Vrelec Slovenia 0,47 0,5 not indicated
klasik
Lutraki Lutraki Spa Greece 0,325 not indicated 8.31
Studena Psunj, spring Croatia 0,227 0,25 not indicated
Studena
Gala Maljen mountain Serbia 0,25 not indicated indicated
Akva Viva PARK Serbia 0,123 0,18 not indicated
Arangelovac
Prolom Prolom Spa Serbia 0,12 0,12 9.2
Korpi Akarnan mountains Greece 0,075 not indicated 7.3
in Western Greece
Evian From the heartof oo 0,069 0,07 7.2
the Alps
Jana Sv.Jar.1a source of Croatia 0,06 0,04 not indicated
the river Kupa
Dolomiti, San
San Benedeto Pellegrino, thermal Italy 0,05 7.68
springs
. Near the canyon
Vikos . Greece 0,05 7.62
Vikos
Rosa Vlasina-Topli Do Serbia 0,032 not indicated

Table 3. The average, minimum and maximum content of ftiemn bottled water.

Bottled water A\\:zlrjge Standard deviation Minimum value Maximum value
Imported water 0,631 + 0,497 0,032 2,220
Domestically 0,368 +0,305 0,035 1,086

produced water

MicroMedicine 2017; 5 (2): 31-36
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DISCUSSION

Several authors have dealt with the determinaifaine concentration of fluoride in the water pagga
in their countries [8-12]. The concentration ofdifune in packaged Evian water 0.15 mg/l in the ptoél
Tombaet al. [8] at the study Zohouri et al. [12]rasur study it is 0.06 mgl/l.

Because the method for analyzing fluorine is @imih all studies, differences between measured
concentrations of fluoride in different studies nizgy explained as a variation of the content ofritle over
time, depending on the source of bottled watewelsas seasonal fluctuations.

Healthcare professionals should be aware thaw#hee of the tags cannot be credible as this study
demonstrated in 44.4% of the branded packaged watatignment between the determined value of ithgor
and that pointed on labels. The large number ofadtim manufacturers of packaged water does not asigeh
the content of fluoride on their declaration beeatiney are legally required to highlight the conwifluoride
on the label if it is greater than 1 mg/l.

According to the Rulebook on the special requingimid¢or natural mineral water [16] Article 14 skte
that if the natural mineral water contains morentdamg/l should be appointed to the product or lamot
prominent position "contains fluoride". If naturaineral water contains more than 1.5 mg/l fluostieuld be
indicated that the product is not suitable for fegu repeated use of infants and children undgeats old.
According to our analyzes we conducted on natuiakeral water from home production only Kozuvcanka
(1.046 mgl/l), vision (1.086 mg/l) and Good WateB(® mg/l) contain higher values of fluoride theg sithin
the recommended values of WHO and our legislation.

It is also very important water consumers to hes@urate information on the concentration of flderin
the water, which they consume. Having in mind #iigation, we recommend packaged water be analgized
least twice a year at the Institute of Public Healf the Republic of Macedonia or in other accedlit
independent laboratory.

The natural mineral waters with low or very lowngent of fluorine, like type of Gorska, Aqua Kokino
Ladna could be used by the general population dvetuchild population. It is worth noting that tfiest Cold
bottled water is recommended for the youngest byAssociation of Psychiatrists of Macedonia.

When we evaluate the effect of the consumptiorbaitied water on total intake of fluoride in one
individual, three factors should be considered:

1. The amount of bottled water consumed daily.

2. The intake of fluoride from other sources, sastswallowing toothpaste with tooth brushing aratifaith
high content of fluorine.

3. The use of bottled water for preparing milk feead dissolution of the pulp food for newborns.

CONCLUSIONS

1. Manufacturers of bottled water did not emphasime content of fluorine labels or hoist that isdrrect.
2. Dentists should be aware of the concentratiofluairide in the water, which patients drink frommeir
childhood, whether it is packaged or tap water.

3. Parents who use bottled water to prepare thie mélal for their babies, should be aware aboufltlugide
level in water used for meal preparation. Usingewalbat contains high concentrations of fluorideyt will
expose their children to the increased risk fortalefuorosis.
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INTRODUCTION

Chitin (polymer of N-acetylglucosamine) is one lo¢ tmain structural component of the cell wall aidu It is
crystalline in structure and is generally obserasdwell as studied through X-ray diffraction teciug [1].
This chitin is directly bound to polysaccharideslirding protein components as well. As per therditigre,
three forms of arrangement of chitin ice § andy are reported [1, 2]. Normally, these chitin comgats does

not able to accumulate in the environment becafigheopresence of various bacterial chitinases kwiaie
present abundantly especially in soil. These enzyme one of the most reliable candidates that are
responsible for degrading chitin molecules thatpesent in the cell walls of fungi as well as éxeskeletons

of insect. One of the useful aspects of chitinaseyme is for bioconversion of chitin into active
pharmacological products especially N-acetylgluodea and chitooligosaccharides [1-3]. These praiact

MicroMedicine 2017; 5 (2): 37-44
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generally required for various immunopharmacologacdivities (antioxidants, wound healing, antinoioials,
immunoenhancers etc.) and also activates host skefegstem including controlling the level of blood
cholesterol [3-4].

Chitinases are widely distributed in bacteria saslerratia, Chromobacterium, Klebsiella, Bacillus,
Pseudomonas, vibrio, Arthrabacter etc. Number of bacterial species are reportedctiohed as good source of
bioactive compounds i.e. antibiotics, enzymes Ehe production of chitinolytic enzymes has beemiiied
in various bacterial species [5, 6]. Now a dayeststs focused on chitinase enzymes for variodsdtrial,
clinical, and pharmaceutical purposes [5-8]. Irs tligard, we tried to explore the effect of prateastracted
from chitinase enzyme containing Rapither AB.

One of the parasitic diseases especially Malarigpread to people through the bites of infectatafe
anopheles mosquitos. Till now, only four main stsadf malaria are reported, out of these the mesoiss
strain is falciparum. In comparison with other #hrgtrains ivax, ovale and malariae) are less serious as
compared to falciparum. But we still need to bevprgded and treated promptly [9, 10]. In Asian arfdcan
countries, Malaria is considered as one of the md@threatening disease [11]. Recently, RapitABrused
as anti-malaria segment or used in the form ofctiga as medicine for the treatment of malaria attter
conditions [12]. In this regard, we determinedpitetease activity of chitinase enzyme containingitker AB
in virally infected human whole blood samples.

MATERIALS AND METHODS
Microorganisms and culture conditions

In this study, we identified various bacterial (Bacillus speciesPseudomonas species Sreptomyces species
etc.) samples that are reported in soil and shdvigid chitinase activity as mentioned in the litarat These
bacterial species were identified as well as igolaih our lab from various soil samples (rhizosphef
pomogranate, jawar, ground and fish market) cokedseptically from different regions of Baramati,
Maharashtra, India.

Colloidal chitin

For the preparation of colloidal chitin using conicated hydrochloric acid (HCI, 120 ml) and it wdissolved
slowly in chitin powder (10 g). This sample was putotary incubator (180 rpm) at 37 °C for 1h.téflthe
solution through glass wool/muslin cloth and théssadlved in equal quantity of ethanol (50%). Mixoperly
and then transfer through filter paper. Finallyd distilled water and then finally reached its financentration
with pH 7. Collect the samples and store at 4 9Qalfy, this solution was used for media preparafb3].

Colloidal chitin agar medium and purification of chitinase enzyme

For screening of chitinase producing bacteria,apar medium amended with colloidal chitin was usdte
medium consists of disodium hydrogen phosphate)(hatassium dihydrogen phosphate (3 g), ammonium
chloride (1 g), sodium chloride (0.5 g), yeast a&tr(0.05 g), agar (15 g) and colloidal chitin (18i9solved in
one litre of distilled water that are prepared @isafly. The confirmation of these bacterial colesishowing
clearance zones on a creamish background and weselered as chitinase-producing bacteria [13].

After confirmation, inoculate chitinase producinglonies in colloidal chitin broth for 48 h rotagor
incubation. Thereafter, centrifuging at 10,000 rpon 20 min, supernatant was collected and then add
ammonium sulfate in small quantity. Incubate them@ples overnight at 4°C. Again, centrifuging tampgles
at the same speed, again collect the supernateniratergoes dialysed for 24 h at 4°C with contirsusiirring
and occasional changes of the buffer. The resutiahisate was chitinase crude extract.

MicroMedicine 2017; 5 (2): 37-44
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Estimation of biochemical tests (protein content)

In this study, colonies of chitinase were colleciad estimated the protein content. Colonies dirdse were
added in test tube and then add extraction buifer Z0 mM Tris HCI) dissolved in PBS (pH 7.4). Ubate
chitinase colonies along with extraction buffer fominutes at room temperature and then centrif§ea0
rpm; 8 minutes at 4°C). Finally, the supernatans wallected after centrifugation and then add simiblume
of ice cold acetone.

Incubate the solution for 10-15 minutes at roomgerature and then centrifuging at the same speed.
Thereatfter, pellet was taken and washed with i¢ée @cetone in order to remove the pigments inclgidipid
contents as well. Finally, protein concentration chitinase colonies was determined by using Narmdro
method [14].

Estimation of protease content

After getting the protein from chitinase colonidmtt are dissolved in PBS. For crude enzyme coliecti
centrifuging the protein content (10000 rpm & 4or 30 minutes) and then estimate its crude erezgnd then
measured its protease content against Rapither AB.

Calorimetric assay was performed for proteasemasibn using Rapither AB as substrate. For these
studies, add equal volume of Rapither AB and credeyme extract of chitinase in 2 ml Eppendorf tube.
Incubate the test solution for 2-3 h at room terapge. After incubation, trichloroacetic acid (TC#glution
was added in order to stop enzymatic reaction. rifeging these samples (crude enzyme containingtRep
AB) and supernatant was collected finally and tadd similar volume of sodium hydroxide (NaOH) smint
in comparison with trichloroacetic acid (TCA) sadut. Incubate it another 20 minutes at room tempesa
Thereafter, addition of Folins Colin reagent (0.5 and the intensity of blue color was measuredCG nm
within half an hour using spectrophotometer [15].

Total cellular content

Infected EDTA human whole blood (virally infectedamples (n=5; 50 pl) were collected from Mangal
laboratory (Pathology lab, Baramati) was pipettddeatly into a eppendorf tube containing variable
concentration of protease dissolved in PBS and itn@rbated at carbon dioxide incubator (37°C, 5% JJiOr

2 h. After incubation, add red cell lysis bufferm@onium chloride, potassium bicarbonate and etkeylen
diamine tetra acetic acid) and then centrifugedleP&as taken and washed 2-3 times with PBS. After
washing, pellet (leucocytes) dissolved in PBS andlisd total cellular content. All these samplesrave
measured at 570 nm using UV spectrophotometer §l4-1

Proliferation assay

In this study, lysed infected human whole blood glas (100 ul) were added in 96 well plate (flattbt
tissue culture plate) and treated with variable cemtration of protease isolated from chitinase,ypre
containing Rapither AB as antigen. For 24 h incigdmaiat carbon dioxide incubator, lysed blood sample
along with variable concentration of proteasesai&sl in PBS containing 10% FBS (Fetal bovine sgrum
After incubation, add MTT solution (2.5 mg/ml; 10 dissolved in PBS) and then incubated again diara
dioxide incubator for 4 h. Afterwards, formazon sials were appeared and settled at the bottom.eThes
crystals were dissolved in DMSO (dimethyl suphoxided then its optical density (OD) was measuresi7at

nm [14-15].
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Statistical analysis

Values are represented in the form of Mean * stahdaor. The difference between the control aedted
groups of proteases is determined by one way AN®@34A (Bonferroni multiple comparison test).

RESULTS
Estimation of protein and protease content

The results of these studies related to proteirterincluding crude enzyme isolated from the obisie-
producing colonies as shown in Fig. 1 and 2. Tisalte showed that chitinase-producing colonies gublwt
of protein content at a very low concentration (diGcontaining 5.342 mg/ml) including crude enzyri® (il
containing 79-85 mg/ml). In addition, crude enzyafechitinase-producing colonies containing RapitA&
showed enormous production of protease i.e. 57 @inir(Fig. 3) as compared to Rapither AB (33.82miy/
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Figure 2. Estimation of crude enzyme extracted from proteimeot of chitinasgoroducingcolonies.
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M Control
M Standard, Rapither A

M Crude protease

Figure 3. Estimation of protease content from crude enzynehitinase colonies containing Rapither AB.

Total cellular content (Mean + S.E.)

Contral Rapither AB 14.45 289 57.81
Doses (mg/ml; 50 pl)

Figure 4. Estimation of total cellular content of proteaserastied from chitinase colonies containing RapitABr on
virally infected human whole blood samplégsed virally infected human whole blood was cultlvéth variable doses
of proteases. Values are expressed as Mean * BeEdifference between control and variable dosewaificinal plant
products is controlled by one way ANOVA test (Bandai multiple comparison test). *P<0.05; **P<0.01.

Proliferation assay (Mean +S.E.)

Control Rapither AB 14.45 28.9 57.81
Doses (mg/ml; 50 pl)

Figure 5. Proliferation assay. Virally infected lysed humahole blood was cultured with variable concentratain
proteases. After incubation, centrifuge the samatesadd MTT solution (5 mg/ml, 10 ul). Fresh fornrazeystals were
appeared and settled at the bottom and then fidé&hgolved in dimethyl sulphoxide (DMSO) in a finalume of 0.2 ml.
The optical density (OD) was measured at 570 nm. difierence between control and variable doses ofeases is
determined through one way ANOVA test (Bonferroniltiple comparison test). *P < 0.05; **P < 0.01 ariti® < 0.001.
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Total cellular content

The results of these studies related to proteasatésl from chitinase enzyme containing Rapither &8
shown in Fig. 4. The results showed that proteddagher concentration showed reduction in totdluta
content in virally infected human whole blood saegplOn the other hand, virally infected sample stbw
enormous production of total cellular content.

Proliferation assay

The effect of protease using variable concentratonvirally infected human whole blood samples and
determined its effect on proliferation assay usMigr as shown in Fig. 5. The results showed thatgaree at
higher concentration showed remarkable reductigrafiferation assay as compared to control.

DISCUSSION

As per the literature, chitinases producing orgasifiave been identified and isolated from variausces i.e.
air, water, soil, marine water etc. [16]. In addlitj chitinases also identified and isolated from stbomach of
certain mammals including humans. As per its apgibos, chitinases are used as fungicides, bactdeis,
biopesticides, against mosquitoes etc. In the pteswidy, numerous bacteria samples were reponed a
identified in soil samples and is able to produegious chitinases in order to supply various notse
especially nitrogen and carbon. These chitinase® wenerally used for degrading chitin moleculed an
utilized as an energy source. One of the most damiand prevalent bacteria i®erratia marcescens that is
responsible for producing chitinases and showediowsr immunopharmacological properties e.g.
chitinases/chitinase-like proteins that playedwcial role in innate as well as adaptive immungoeses [17,
18]. Although nonspecific type of immune stimulatdanctions of chitin and its derivatives were rgpd and
considered as potent immunoadjuvant candidateetiitzinces type 2 adaptive immune response. Inegpisd,
we focused on chitinases especially its crude eezggainst Rapither AB in virally infected human \eho
blood samples.

From these soil samples, chitinase producers igeflated on colloidal chitin agar medium and itsule
was totally similar [19]. In addition, chitin acis a sole carbon source for highest chitinase ptmafu[18, 19].

In this study, we isolate chitinase with proteastkivly containing Rapither AB and testing on viyainfected
human whole blood samples that will help us in otdeunderstand its anti-viral properties. Firsthgtimated
its total protein including amino acids contentnfrahitinase colonies dissolved in PBS and restitsved
some enhancement at a very low concentrationl@etl containing 5.345 mg/ml) using Tris HCI and @mld
acetone. After getting the protein content fromtinase colonies, centrifuging these samples anteatol
supernatant in the form of crude enzyme and furtiesolved in similar volume of injection i.e.Rdpt AB.
For estimation of protease content using Folin i@oteagent and determined through Nanodrop methalis
study, we determined the interaction between psetead antigen (virally)-specific human whole bldabdt
provides an important signals for the efficientvation or inhibition of T cell response. In orderdetermine
its protease activity by means of proliferation aoi@l cellular content in infected human wholeddsamples.
The results of these showed that protease at higgrarentration showed remarkably decline in to&dllutar
content and proliferation rate in infected lysednam whole blood samples.

These proteases are showed some potential aryabilieduce the burden of various infectious disea
Recently, proteases derived from micro-organisrohiding medicinal plant products are the major seuor
drug development. Most of proteases derived frororarorganisms that are available or still undenicél
trials [20]. In view of this, similar results wermbserved in case of protease extracted from chiir@ude
enzyme containing Rapither AB and showed fascigaitimimunopharmacological property i.e. antimicrobial
Hopefully, this protease also involved in varioysplecations especially for biotechnology. Howevée t
isolation and purification of proteases will assistto recognize the mechanism of various diseaskeis
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CONCLUSION

Immunological finding of proteases extracted fraomde enzyme of chitinase containing Rapither AB wary
interesting with respect to decline in proliferati@te and total cellular content in virally infedthuman whole
blood samples. Further studies are required péntato isolation, characterization and elucidatidrstructures
of these proteases.
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ABSTRACT

Ximenia americana (X. americana) is reputable for the treatment of various
ailments in Nigeria. The hot aqueous extract of X. americana leaf (XA) was
obtained by infusion. The antiproliferative potential of XA was evaluated
employing Sorghum bicolor seed radicle as test subject over the period of 48-
96 hours. The mean radicle lengths (mm), percentage inhibition and
percentage growth were determined. XA was chemically characterized using
colour reactions and high performance liquid chromatography with UV-diode
array detector (HPLC-UV-DAD). Phytochemical investigation indicated the
presence of tannins, saponins and flavonoids. HPLC analysis revealed thirteen
peaks with rutin and ferullic acid eluting at 6.886 and 7.796 minute
respectively. XA significantly (p < 0.0001) inhibited S. bicolor seed growth over
a period of 48-96 h against the control seeds. At 96 h, XA dose-dependently
inhibited seed growth, giving percentage inhibition of 23.24, 29.06, 30.68,
38.27, 49.57, 50.39, 64.60, 79.67 and 82.01% for seeds treated with 1 mg/ml, 2
mg/ml, 4 mg/ml, 8 mg/ml 16 mg/ml, 24 mg/ml, 32 mg/ml, 40 mg/ml and 48
mg/ml respectively with ICsy of 24 mg/ml. Methotrexate 0.167 mg/ml used as
positive control gave inhibition of 92.76% at 96 h. This result revealed the
potential of XA to inhibit the growth of fast proliferating cells of S. bicolor seed

radicle.

Keywords: Ximenia americana; Antiproliferative; Sorghum bicolor; Caffeic acid,
Rutin.

INTRODUCTION

Cancer generally refers to a group of diseasescthege cells in the body to change and grow oabofrol. It
can spread to other parts of the body through lyanpdh blood. Breast cancer has been described andsie
commonly diagnosed malignancy and the leading cafiseancer-related deaths of women worldwide [1].
Incidence of cancer is on the increase worldwid#h estimated 14.1 million new cancer cases in 26dRale
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breast, colorectal and stomach cancers accounteavér 40% of all cases diagnosed globally. Lungcea
accounted for 16.7% of all new cases in men [2].

Ximenia americana belongsto the family Olacaceae. The gend$menia has eight different species
namely Ximenia roiigi, Ximenia aegyptiaca, Ximenia parviflora, Ximenia coriaceae, Ximenia aculeate,
Ximenia caffra, Ximenia americana and Ximenia aegyptica It is commonly referred to as wild plum and tallow
nut. It is a shrub or small tree that grows to @abbwm high, with zigzag branches. The bark is blaclgrey-
brown, smooth when young but becomes rough withhagéng stiff axillary spines. The leaves are aléde or
clustered on spur shoots. The seed morphologyriabla. Flowers are green white to greenish yellseented
and 5-10 mm long in small branched inflorescen@s Native names in Nigeria: Hausa (Tsada), Fulani
(Chabbull), Tiv ( Anomadze) ,Yoruba (Igo) and Ber(Alimo-mamiwota) [4].

The methanolic extract of leaves Xiinenia americana has been proven to have anti-diabetic effect in
rats [5]. The ethanolic extract of the barkXofamericana revealed the presence of the following metabglites
flavonoids, steroids, tannins, alkaloids, phenclienpounds, saponin, terpenoids, and glycosidessdt has
activity againsSaphylococcus aureus and low activity againdPseudomonas aeruginosa. Other investigations
led to isolation of two compounds. The first oneiglthis new is 3-methyl-1-oxoisochroman-8-carboxyad
and the second compound which is a known steradjssta-4,6,8,22-tetraen-3-one [6].

The plant has also been reported to have antiAIDV% related diseases effects such as abscesses, sk
rashes, diarrhea and gonorrhea. The anti-HIV/AIB8ce of Ximenia americana is due to the fact that it
contains oleic, ximenic (hexacos-17-enoic), lingldinoleric and stearic acids. Its oil consistsvefy long
chain fatty acids with up to 40 carbon atoms usenidnage STIs including gonorrhoea [7].

Literature review reveals that the plaxitmenia americana has been alleged to have antineoplastic
activities, antimicrobial and anti-inflammatory &gies and lots more. The aqueous plant extra¢hefleaves
is used in the treatment of cancer in African tiadal medicine[8]. X. Americana has a wild varieties of
phytochemical compounds which among them are thewfimg secondary metabolites; saponins, flavonoids
tannins, terpenoids, sterols, quinines, alkalaigtanogenetics glycosides, cardiac glycosides arimbbgdrates
in the form of sugars and soluble starch [10]. €kgential oils of the leaves Xfamericana using GC-MS and
identified 33 components representing 98% of thal tol. The main constituents analysed are bemtgide
63.5%, hydroxybenzylcyanide 13%, isophorone 3.5%he hydroxybenzylcyanide is known as a primary
breakdown products of glucosinolates found mainlthie Brassicaceae family [11]. The fixed oil prada the
seeds oK. americana [12].

The ethanolic extract was reported to contain gudyols, cyanogenic acid, glycoside sambunigrin,
gallic acid, gallotanning-glucopyranose, flavonoids, quercetin, quercitgqagrcetin3-0x-rhamnopyranoside),
avicularin (quercetin-3-@-arabinofuranoside), Quercetin-33&ylopyranoside, quercetin-3-0-(6-galloy)-
glycopyranoside. The flavonoids were active botheasymes inhibitors and DPPH radical scavengerk [13
The aim of this study is to evaluate the phytoctvamihigh performance liquid chromatography proéled
antiproferative activity of the leaves Xfmenia americana, a reputable herbal medicine grown in Nigeria.

MATERIALS AND METHODS
Chemicals and reagents

Unless otherwise stated, all chemicals and reagess of analytical grade and purchased from Sigidéch
(Germany). All the solvents for chromatographicgmse were HPLC grade, purchased from Sigma Germany.

Experimental plant

The leaves oXimenia americana used for this study were collected from Bamburu-Gualada Abuja by
Mallam Muazzam of the National institute for Phacewtical Research and Development Idu Abuja, Nageri
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It was identified and authenticated by Mr. Akeentded at the Herbarium of the National Institute for
Pharmaceutical Research and Development Idu Indu8tea Abuja.

Preparation of plant extract

The fresh leaves ofimenia americana were air-dried at room temperature. The dried $amwas pulverized.
Then 50 g of powdered sample was weighed and ¢etldny hot water (1000 ml) infusion in an air tight
container for 24 h. The resultant mixture was fdtbusing a funnel whose exit was tightened wititocowool.
The filtrate was dried over a water bath to yithenia americana leaves aqueous extract [14].

Phytochemical analysis

Phytochemical screening was conducted on the aguextvact for secondary metabolites and the fotligwi
was present; carbohydrates, tannins, saponindarahbids [15].

High performance liquid chromatography analysis

The bioactive constituents of XA was analysed tghhperformance liquid chromatography (HPLC) with UV
diode array detector (UV-DAD). The HPLC consistédJttra-Fast LC-20AB equipped with SIL-20AC auto-
sampler; DGU-20A3 degasser; SPD-M20A UV-diode ardmtector; column oven CTO-20AC, system
controller CBM-20Alite and Windows LC solution sefire (Shimadzu Corporation, Kyoto Japan); column,
5um VP-ODS G and dimensions (4.6 x 150 mm). The chromatograpbiditions included mobile phase:
0.2% v/v formic acid and acetonitrile (20:80); modmcratic; flow rate 0.6 ml/min; injection voluni® ul of
100 mg/ml solution of extract in water; detectio’V 254 nm. The HPLC operating conditions were
programmed to give solvent B: 20%. Column oven erapire was 40C. The total run time was 30 minutes.
Flavonoids and phenolic acid standards such asemipigrutin, quercetin, caffeic acid, ferulic acickre
employed for the identification of the phytoconstitits of XA by comparing the retention time underilar
experimental conditions [16]

Determination of growth inhibitory effect

The modified methods of Ayinde et al. [17] and Gun et al. [18] were used for this studimenia
americana hot aqueous extract (300 mg) was dissolved in bOfrdistilled water to obtained 50 mg/ml stock
solution. Various concentrations (1 mg/ml, 2 mg/eghimg/ml, 8 mg/ml 16 mg/ml 24 mg/ml 32 mg/ml 40
mg/ml and 48 mg/ml) of the extract were preparedthidtrexate was made to a concentration of 0.167ing
as positive control. Petri dishes were layered wittion wool and filter paper (Whatman No. 1). Ttyeseeds

(n = 20) ofS hicolor were placed in each of the Petri dishes. The cbe¢eds were treated with 15 ml distilled
water. The test seeds were treated with the diffgpeeparations of the extract as the seeds in spetific
Petri dish received 15 ml of a particular conceitira(the seeds in the eleven different Petri dighe treated
with 1 mg/ml, 2 mg/ml, 4 mg/ml, 8 mg/ml, 16 mg/n#4 mg/ml, 32 mg/ml, 40 mg/ml and 48 mg/ml
concentration respectively. The seeds were incddata dark room and observed for growth after 27 e
mean lengths (mm) of radicle emerging from the seeere measured after 48, 72 and 92 h. The pegmenta
inhibition was calculated as [(mean radicle lengbmtrol— mean radicle length treated)/mean radicle length
control] x100. Percentage growth was calculatedQs- % inhibition. Percentage inhibition and percentage
growth at 48, 72 and 92 h for seeds treated witigiml|, 2 mg/ml, 4 mg/ml, 8 mg/ml, 16 mg/ml, 24 mdy/ 32
mg/ml, 40 mg/ml 48 mg/ml, negative control and fasitive control methotrexate at 0.167 mg/ml ase a
shown in Table 1.
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Statistical Analysis

The data obtained were expressed as mean * staadardof mean and analyzed using Graph pad prism
(version 7). Two way analysis of variance was usetest for significanceP<0.0001 was considered to be
significant.

RESULTS

Phytochemical analysis

Extraction of 50 g oKimenia americana powdered sample by hot water infusion yieldedd(61.2%) of the
dried extract. Phytochemical screening indicated fresence of tannins, saponins, flavonoids, and
carbohydrates.

High performance liquid chromatography analysis

The HPLC chromatogram of XAhown in Figure 1, showed that thirteen peaks wbrtected as the
constituents with retention times in minutes of38,54.070, 5.896, 6.886, 7.796, 10.767, 11.8237918.

15.431, 17.898, 18.928, 22.019 and 25.752. Compowvith retention time in minute of 6.886 and 7.796
minute corresponded to rutin and ferullic acid szspely.
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Figure 1. HPLC spectrum of leaf hot aqueous extracKiofienia americana (XA).

The HPLC spectrum showed thirteen peaks with rigterimes in minutes of 3.530, 4.070, 5.896, 6.886,
7.796, 10.767, 11.823, 13.790, 15.431, 17.898,283.22.019 and 25.752. Compounds with retentioe fim
minute of 6.886 and 7.796 minute correspondedtio and ferullic acid respectively.

Growth inhibitory effects of XA on Sorghum bicolor seed
There was an appreciable reduction on the lengtadi€les ofSorghum bicolor seeds treated with the various

concentration of the extract. The seed radiclettenigncreased with the incubation period of 48-9& mapid
and progressive growth was observed in the watetra@loseeds radicle lengths. At 48 h, percentagsl se
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growth inhibition was 28.43% for seeds treated viting/ml of HC. Then at 96 h, the mean radicle teagf
the control seeds was 69.50+4.06 mm while the meditle length of the seeds treated with 1 mg/ml, 2
mg/ml, 4 mg/ml, 8 mg/ml 16 mg/ml, 24 mg/ml, 32 myy/@0 mg/ml and 48 mg/ml were 53.35£1.34 mm,
49.30+2.48 mm, 48.18+1.21 mm, 42.90+0.84 mm, 330Bx mm, 34.48+3.20 mm, 24.60+0.38 mm,
14.13+1.23 mm, and 12.50+1.32 mm as shown in Eigo®esponding to percentage inhibitions of 23.24%
29.06%, 30.68%, 38.27%, 49.57%, 50.39%, 64.6096,7P8.and 82.01%, respectively.

100 -
mm Control (H;0)
L
*E: 80 mm XA 1 mg/ml
@
P 'é“ 60 mm XA 2 mg/mi
o
ﬁ c m XA 4mg/ml
v 40 XA 8mg/ml
c
5 20- 1 mm XA 16mg/mi
= mm XA 24mg/ml
0- mm XA 32mg/ml
o <> <
W AV o B XA 40mg/mi
Time of treatment B XA 48mg/ml
B Methotrexate

Figure 2. Inhibitory effects ofXimenia americana leaf aqueous extract (XA) on the growth $brghum bicolor seed
radical.

Table 1. Mean radical length, percentage inhibition anceetage growth foSorghum bicolor seeds treated with XA.

Treatment Mean radicle length % Inhibition* % Growt ht
48 h. 72 h. 96 h. 48h. 72h. 96h. 48h. 72h. h96

Control (HO) 37.28+1.66 50.48+3.00  69.5+4.06 0 0 0 100 100 0 10
methotrexate 3.28+0.17 3.73+0.18 5.03+0.21 91.20.6©2 92.76 880 7.39 7.24
XA (1 mg/ml) 26.68+0.92  37.38+1.75 53.35+1.34 28.425.95 23.24 7157 74.05 76.76
XA (2 mg/ml) 24.38+0.48 33.03+1.98 49.30+2.48 34.684.57 29.06 65.40 65.43 70.94
XA (4 mg/ml) 22.90+0.34  32.00+0.31 48.18+1.21 38.5B6.61 30.68 61.43 63.39 69.32
XA (8 mg/ml) 21.58+2.55 31.45+2.13 42.90+0.84 42.1B7.70 38.27 57.89 6230 61.73
XA (16 mg/ml) 16.53+1.70 28.00+2.86 35.05+3.53 ®6.644.53 49.57 44.34 55.47 50.43
XA (24 mg/ml) 14.03+1.18 23.35+2.82 34.48+3.20 62.353.74 50.39 37.63 46.26 49.61
XA (32 mg/ml) 5.03+0.36 12.25+0.22 24.60+0.38 86.575.73 64.60 13.49 24.27 35.40
XA (40 mg/ml) 4.88+0.17 8.30+0.49  14.13+1.23 86.9B3.56 79.67 13.09 16.44 20.33
XA (48 mg/ml) 4.95+0.40 7.25+0.57  12.50+1.32 86.785.64 82.01 13.73 14.36 17.99

*Percentage Inhibition = [(mean radicle length ohtol - mean radicle length of treated) / mearialadength of control]
X 100. TPercentage growth = 100 - percentage itibwhin = 20. p<0.0001.
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Therefore, the inhibitory effect of XA was conaetibn-dependent. Inhibitory effects éimenia
americana aqueous extract on the growth dforghum bicolor seed radicle was determined for different
concentrations: 1 mg/ml, 2 mg/ml, 4 mg/ml, 8 mg/&@,mg/ml, 24 mg/ml, 32 mg/ml, 40 mg/ml and 48 mig/m
Radicle lengths (mm) were measured at 48, 72 ankl. @stilled water withouiXimenia americana extract
was used as negative control, methotrexate 0.16hhwias used as positive control. Mean radicle tleng
standard error of mean, percentage growth inhibitied percentage growth at 48, 72 and 92 h forsseeated
with 1 mg/ml, 2 mg/ml, 4 mg/ml, 8 mg/ml, 16 mg/n@4 mg/ml, 32 mg/ml, 40 mg/ml, 48 mg/ml aqueous
extract ofX. americana as well as the negative control, and methotre@&t&7 mg/ml used as positive control
are as shown in Table 1.

DISCUSSION

As a preliminary and preparatory assay to antifan@tive test on a cancer cell line system, thickadengths
of fast growing seeds such &xrghum bicolor have been utilized as a parameter for the tesfirsyspected
anticancer agents. Generally, cancer cells haveagacteristic of fast proliferation, and this is@athe case
with meristematic cells db bicolor seeds when exposed to favourable conditions [18hcH, the use of the
method for this study.

The phytochemical analysis of XA showed the presenf tannins, saponins, flavonoids, and
carbohydrates. The HPLC spectrum of XA revealedpttesence of rutin and ferulic acid at retentiones of
6.886 and 7.796 minutes, respectively (Fig. 1)véitids have been reported to have relatively loxictty
compared to other metabolites like alkaloids. Fhids have also been referred to as ‘natural bicédg
response modifiers’ because of the strong expetaheridence of their ability to modify the body®actions
to allergens, viruses and carcinogens. Flavonoidse hbeen reported to possess anti-allergic, anti-
inflammatory, antimicrobial and anticancer actedti Saponins have been reported to exhibit anaoxid
anticancer and anti-inflammatory activities andniaa to have antibacterial, antiviral and anti-turactivities.
Generally, the pharmacological properties of medikciplants depend on their secondary metabolites
constitution [19].

Ximenia americana had been reported to possess anticancer propdthgsicochemical characterization
showed that the active antineoplastic componenthefplant material were proteins with galactodaiaf
[20]. Cytotoxic and antiproliferative activities ®fmenia americana against six cancerous cells lines had been
reported. The study revealed the presence of flaidsn(13%), gallotannins (5%), phenolic acids (0.7%
ellagic acid (0.3%) and an abundance of condera®urts (81%) [21]. This finding is in agreementhwibe
results obtained with the Nigerian material (Figreported herein, where rutin and ferullic acideviglentified
as the bioactive constituentsXifmenia americana leaf.

In a review of thechemistry, pharmacology and biological propertiédsXanenia americana, the
chemical constituents and anticancer propertiese weported [22]. Antioxidant activity study and abot
phenolic determination of leaf extracts Xifnenia americana, an anti-tumor plant used traditionally in Mali,
revealed the presence of phenolic compounds witenpial anticancer properties [23]. Flavonoids hbeen
reported to possess anticancer potential. [Rdfin isolated fronTriticum aestivum showed anticancer activity
[25]. Currently it has been observed that cinnaaaid and its analogs such as ferulic acid and sbéeacid
display various pharmacological activities incluglanticancer [26].

CONCLUSION

The hot aqueous extract ofimenia americana leaf (XA) exhibited growth inhibitory effects on fast
proliferating cells ofS. bicolor seed radicle. Hence, by extension it can inhibitcerous cells. This study
provided preliminary evidence that supports theetmedicinal use oX. americana leaf growing in Nigeria
for the treatment of breast cancer. The observeavtgr inhibitory properties may be attributable twet
flavonoid rutin and ferulic acid content.
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ABSTRACT

This study examined the effects of Aloe vera and garlic on haemostatic status
of rats fed thermoxidized palm oil diet (TPO). 35 male Wistar rats (140-170
grams) used in this study were randomly assigned five groups (n=7): Control,
TPO, TPO + garlic juice (TPO+G), TPO + Aloe gel (TPO+A) and TPO + garlic/Aloe
gel (TPO+G+A). TPO diet was prepared by mixing 85 g of rat chow with 15 g of
thermoxidized oil. The juice and gel were orally administered at doses of 2
ml/kg and 6 ml/kg respectively. After three months, the rats were sacrificed
and blood collected through cardiac puncture for analysis. Plasma fibrinogen
was significantly (P<0.001) reduced in TPO group compared to Control,
whereas, fibrinogen increased in all treated groups. Platelet count was
significantly (P<0.001) decreased in TPO compared with control. Platelet count
was significantly decreased (P<0.001) in TPO+G compared to TPO and control,
but significantly (P<0.001) increased in TPO+A, and TPO+G+A compared to TPO.
Prothrombin and clotting times were significantly increased (P<0.001) in TPO
and TPO+G compared to control. Bleeding time was significantly increased
(P<0.001) in TPO compared to control, but significantly reduced in TPO+A
compared to TPO. Chronic consumption of TPO has deleterious haemostatic by
reducing plasma fibrinogen, platelet count and causing an increase in
prothrombin, clotting and bleeding times. However, these debilitating effects
were seen to be markedly ameliorated following separate and combined
administrations of Aloe vera gel and garlic juice. Additionally, Aloe vera gel
seemed to have a more significant effect compared with garlic juice.

Keywords: Garlic; Aloe vera; Thermoxidized palm oil; Haemostatic status;
Platelet; Fibrinogen.

INTRODUCTION

Thermoxidized palm oil, derived from fresh palm a@flElaeis guineensis fruit is widely used as cooking oil in
Nigeria and other parts of the world. The oil ieerimoxidized when its fresh form is subjected teess
rounds of heating at high temperatures [1]. Chraoiessumption of TPO diet has been implicated iressv
ailments in the body such as cardiovascular, hadogatal diseases, reproductive dysfunction, throsig
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fatty livers, essential fatty acids deficiency amicronutrient malnutrition leading to deactivatioh key
metabolic enzymes [2-9].

Thermoxidation negatively affects most vegetabls, dhus, inducing alterations in their chemical
properties when compared to the nutritionally Heafresh form [10]. Thermoxidation of palm oil hbsen
reported to be the root cause of most deleterionsaruences associated with consumption of palrieti
[5]. This results from formation of peroxides andreased free radical generation known to be higddgtive,
cytotoxic and destructive to tissues [2, 3].

Plants derived natural substances; some of whiehaatioxidants have captured great interest due to
their numerous therapeutic importances like scamgngee radicals. Proximate analysis Albe vera and
garlic has revealed the presence of several bi@actbmpounds with different medicinal efficaciedliol, a
thiosulfinate extract of garlic has been reportegaossess strong antioxidant properties [11]. Tmeat with
Aloe vera gel has been presumed to reduce lipid peroxidd¢ieels, increases the levels of some antioxidant
enzymes (SOD, CAT and GPx) including glutathion2][Beveral health benefits Afoe vera and garlic exist
in literatures [13-17].

In view of the increasing incidence of complicasoassociated with TPO consumption, research on
remedies which are cheap and potent in preventieget ailments is desirable and expedient. Dued th
therapeutic effects, this study was therefore aimethvestigating if both garlic andloe vera which are
readily available and affordable could help preventameliorate the devastating effects attributatole
thermoxidized palm oil diet consumption.

MATERIALS AND METHODS
Plant materials and extraction

Garlic cloves were purchased from Watt Market whllge vera was collected from a domestic garden located
in Uwanse street, all in Calabar, Cross River Stdigeria. The authentication of the plant materiahs done
by a botanist in the Department of Botany, Uniugref Calabar, Nigeria.

Garlic cloves were washed, thinly sliced and blenfe 25 minutes using electric blender to extthet
natural juice. The blended mixture was then lefst@nd for 10 minutes in order to allow a total yanatic
reaction of alliin with allinase [18]. The mixtureas first filtered using filter paper and filteradain with a
syringe filter to ensure that no garlic particlesuld obstruct the columriloe vera leaves were thoroughly
washed with clean tepid water to remove dirt. Tasebof the leaves was cut off with surgical blaates these
were sliced open along the margin to reveal thesparent mucilage. The transparent mucilage wasfutlyr
scooped into a beaker with the aid of a spatule. §é¢i was then homogenized using an electric biciodelO
minutes. This was allowed for 20 minutes and aféeds sieved using Whatman filter paper to obtain a
particulate-free gel [19]. Garlic and Aloe extraatere preserved in the refrigerator (at temperatbetween
4-6°C) for three days in the research laboratory of Brepartment of Physiology, University of Calabar,
Calabar, after each day’s use.

Preparation of thermoxidized palm oil diet

Fresh palm oil was purchased from Mbukpa Marketala, Cross River State, Nigeria. The fresh oiswa
thermally oxidized by heating the oil at 150°C istainless steel pot intermittently for five timasabout 20
minutes for each round of heating [2]. After eaohmnd, the thermoxidized oil was allowed to cool fiee
hours. TPO diet was prepared by mixing 85 g othaw with 15 g of cooled thermoxidized palm oilused

in previous studies [1, 20, 21].
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Experimental animals and protocol

Thirty five male Wistar rats weighing 140-170 gramere purchased from the Department of Physiology,
University of Calabar, Calabar. They were randoasgigned into five groups (n = 7), namely; conff&?O —

fed group, TPO+garlic juice group, TPO+A group amO+G+A group. This was done after permission was
granted by the ethical committee of the FacultyBakic Medical Sciences, University of Calabar, Gata
Nigeria on the use of experimental animals for radie purposes with approval number 18/17. Gaylice
andAloe vera gel were orally administered at doses of 2 mifikg & ml/kg, respectively (the safe dose taken as
1/3 of the LDg) from the result for lethality studies as reporgdme et al. [22].

The animals were kept in clean cages in the arntimase of the Department of Physiology for one week,
for acclimatization, before feeding and administrafor three months. The control and TPO groupsevedso
given oral administration of normal saline at 6kmlbody weight, thus exposing all the groups to shme
physiological condition. All animals had acces$eted and watesd libitum while the juice and gel were given
via oral route administration.

After three months of administration and feedinge trats were allowed an overnight fast before
sacrifice. In line with the guidelines of the Eueam Convention for the Protection of Vertebrateraté used
for scientific purposes, they were anaesthetizet ahloroform and afterwards their thorax were agueand
blood collected via cardiac puncture with sterildrgge into EDTA sample bottles to obtain serumdoalysis.

Determination of plasma fibrinogen

Plasma fibrinogen concentration was determined efnetl by the clot weight method, though with
modifications to accommodate the procedure for abehrombin time (TT) test kit as given by the
manufacturers of the kit [23]. Blood was collecteith the aid of plastic disposable syringes intmgke vials
containing 3.2% sodium citrate in the ratio 1:9nbtood. Blood plasma was obtained by centrifuditapd in

a stopped vial at 1000 g for 10 min. 0.2 ml of th&t plasma was put into a test tube and incubatadvater
bath for 3 min at 37°C. 0.2 ml of thrombin time-geat was added to test plasma, mixed and the @loted
harvested with a wooden applicator stick. The tegylklot was transferred into a tube containingtace to
dry and harden for about 10 min; the acetone wasrded and the clot placed on a filter paper far th
remaining acetone to evaporate. The clot was tlemovered and weighed. The process of fibrinogen
concentration determination was completed within &f blood collection. Thus, fibrinogen concentvatiof
citrated plasma in mg/dl equals clot weight (mgjakd by plasma volume (dI).

Determination of bleeding time

The time elapsed the moment of escape of blooddeutke vessel and the moment of cessation oflohei
known as bleeding time. Bleeding time was deterthineDuke’s method [24].

The tail of albino Wistar rat was cleaned with nyddbed spirit and allowed to dry. A quick deep fric
with a lancet was made in the tail resulting indoldlowing out and the time noted. With a filterpea, the
blood was dabbed every half a minute using a fpeshof the filter paper for each touch. It waseabthat the
blood spots on the filter paper gets smaller tilisappears when bleeding stops and the blood spainted
and the number divided by two giving the bleedinggtin minutes.

Determination of clotting time by Wright's capillar y method

This was determined by Wright Capillary method [25he tail of albino Wistar rat was cleaned with
methylated spirit and allowed to dry. A quick dg@jrk with a lancet was made in the tail resultinglood
flowing out. This was drained immediately into ttegpillary tube by placing one end of the capillarge on
the drop of the blood. The capillary tube was diltownwards so that the blood can easily flow thio tube.
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When the capillary tube (10 cm nearly) was morkess filled, it was removed. After about two mirgjtemall
lengths of the tube were snapped off at 30 secamdsval. Initially, the blood column broke easiiynd
cleanly. At the end point, a thick strand or coated blood column was seen stretching betweenrtiieb
ends and the time noted. It is important to br&éaktube gently without jerking the ends apart ee ¢he strand
will be snapped by the movement before it is obs@riNormal clotting time by this method is aboutthto
eight minutes.

Estimation of prothrombin time

0.1 ml of plasma was delivered into the bottom af5x10 mm tube in a water bath a’G7and 0.1 ml of
thromboplastin added to it. After a delay of abooe minute, 0.1 ml of warmed 0.025 M calcium clidervas
added and the contents of the tube were carefultgan A stop watch was started and the tube was \nith

its lower end submerged. The tube was continudmstygently inclined from the vertical to just shoft the

horizontal so that its contents can be observedhiifirst signs of clotting. A fibrin clot develog within a
second marked the end point. The test was rep#aied and the average reading was taken [26].

Statistical analysis

The data obtained was analyzed by one way ANOV#HefSPSS statistical program and post hoc tes®)(LS
between groups using Microsoft (MS) excel progrard the result presented as mean + SEM. P valuesef |
than 0.05 was accepted as statistically significant

RESULTS
Comparison of platelet count in the different expeimental groups

Platelet count was significantly reduced (P<0.001)TPO when compared to control. More so, TPO+G
induced a marked significant reduction (P<0.0010.95;, P<0.001 and P<0.001) in Platelet count coatpty
control, TPO, TPO+A, and TPO+G+A respectively. Hgare TPO+A, and TPO+G+A caused a progressive
significant increase (P<0.001) in platelet counewlcompared to TPO and TPO+garlic (Table 1).

Comparison of plasma fibrinogen in the different eperimental groups

Plasma fibrinogen level was significantly reducBg@.001) in TPO compared to control. Though Filyamo
was also reduced in the three treated group, lasetivas progressively increase in all treated grompen
compared to TPO. Meanwhile, TPO+A induced a tremaadsignificant increase (P<0.001) in plasma
fibrinogen level when compared to TPO+G and TPO+GFable 1).

Comparison of prothrombin time in the different experimental groups

Prothrombin time was significantly increased (P9Q)0in all four groups when compared to control.
Meanwhile, there was a progressive significant ézse (P<0.05, P<0.001 and P<0.001) in prothroniinia t
of TPO+G, TPO+A and TPO+G+A when compared to TRSpeetively (Table 1).

Comparison of clotting time in the different expermental groups

There was a significant increase (P<0.001) of idgttime in all four experimental groups comparedaontrol.

However, clotting time was significantly decreagPg0.001) in TPO+A when compared to TPO, TPO+G and
TPO+G+A (Table 1)
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Comparison of bleeding time in the different experinental groups
A significant increase (P<0.001) was observed a@ething time of TPO, TPO+G and TPO+G+A compared to

control. However, TPO+A significantly decreased {@91) bleeding time when compared to TPO, TPO+G
and TPO+G+A (Table 1).

Table 1. Comparison of haemostatic parameters in the éifteexperimental groups

Groups
Variables Control TPO TPO+G TPO+A TPO+G+A
Platelet count * - :
"’(‘xe fogl‘l:)o“” 606.7422.1  433.7+87%  393.6:7.8%  549.9+10.7%'  501.1+11.8"°"Y
F'b”rz‘;? del)” Vel 2137:47 1021487  1143:90"%7  1763+107°°  153.6£12.8"°
Protrombintime g 4404 15.7:0% 14.7+0.3"2 12.740.3™°f 11.9+0.3"%
(seconds)
Clotting time 37:01  9.0:0.3"? 8.5:0.3" " 5.120.3" 6.740.3" 1%
(seconds)
Bleeding time 87:0.3  13.3:0% 11.9+0.4™ 8.70.3 10.240.3"°"2
(seconds)

Values are mean + Standard deviation

*p<0.05 vs Control; **p<0.01 vs Control; ***p<0.00ds Control

a = p<0.05vs TPO; b = p<0.01 vs TPO; ¢ = p<0.OTRO

d = p<0.05 vs TPO+Garlic; e = p<0.01 vs TPO+Gafliep<0.001 vs TPO+Garlic
X = p<0.05 vs TPO+Aloe; z = y<0.01 vs TPO+Aloe; p<0.001 vs TPO+Aloe.

DISCUSSION

The platelet count was significantly reduced in T@©up compared to control. It was however fourat th
garlic treated group caused a greater reductiqraitelet count compared to TPO diet fed group.résingly,
platelet count was significantly increased in TRAde vera group compared to TPO group although it was
significantly less than control. Platelet count vgagificantly increased in TPO+garlic+aloe groupnpared

to TPO group although less than TPXDee vera group. Several reports have established decrdatstep count
induced by TPO [1, 20, 27].

Platelets are synthesized in the bone marrow Ignfeatation of the cytoplasm of a group of celldechl
megakaryocytes which arise by a process of cdimiftiation from the haemopoietic stem cell [Z8jom the
result, it is likely that there exist constituetiis Aloe vera that help ameliorate the devastating effect caused
by TPO on bloodAloe vera is known to be highly rich in antioxidants thauthelp mob up the free radicals
associated with TPO. From the result, garlic isnseeworsen the effect caused by TPO on platelet |
therefore likely that garlic may either be harntiulhaemopoietic stem cells or committed platelegpnitors
that give rise to platelets or on mature platelle&snselves although the exact mechanism was ndiedtin
this research. Garlic has been reported to inplatelet aggregation which could affect haemosi{28k

Bleeding, clotting and prothrombin time were allrkelly increased in TPO fed rats and garlic treated
group compared to control. However, these parametéinessed a great progressive decreasdde vera
treated group. Bleeding, clotting and prothrombinet are markers of haemostatic status in whichtiogpt
factors play important role. While clotting timeti®e measure of intrinsic pathway, prothrombin timeasures
the extrinsic pathway [29]. Therefore, clotting éirmeasures the functions of factors: I, 1, V, VIKX, X, Xl
and XlIl whereas prothrombin time indicates the fioms of factors: I, V, VIl and X. These factaase mostly
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synthesized in the liver. It is therefore possitiat TPO has adverse effect on the function oflitles either
through free radical damage to liver cells or medras that are yet to be established. The increasieeding
time could be attributed to antiplatelet effectgafrlic as seen from the result of this study asdréfported
interaction with warfarin [28].

The mechanism through whidhoe vera reduces clotting and bleeding time is yet unkndahfrom the
result of this research, it could be attributaladt$ marked increase in fibrinogen although tkisni contrast
with a research work [30] which reported a doseedepnt decrease in prothrombin, clotting and fimyan
following administration ofAloe vera gel on alternative days for 14 days. This variatioay have resulted
from the difference in duration of administration.

Plasma fibrinogen level was greatly reduced in Té&®Drats. HoweverAloe vera and garlic proved to be
potent in reversing this effect. Many plasma pradncluding fibrinogen are synthesized by therlivemino
acids, which are the building blocks for synthesfigroteins, are necessary to maintain adequatplysab
these substrates for such liver synthetic functiwom this study, it is likely that garlic ardloe vera improves
liver integrity by supplying substrates for its #yetic function or improves upon the integrity of
gastrointestinal tract for absorption of nutrieassreported [31, 32].

The results of this study have shown that chradnsumption of TPO has deleterious effects on
haemostatic status of Wistar rats by reducing pdasibrinogen, platelet count and causing an in@das
prothrombin, clotting and bleeding times. Howevtrese debilitating effects were seen to be markedly
ameliorated following garlic juice andloe vera gel administration. If these results are to beliegple to
humans, then the chronic consumption of thermogiizalm oil diet should be seriously discouraged.
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of RNA extraction are suitable to be applied in microtomized paraffinated

has not yet been described and can be useful for gene expression studies. We

www.journals.tmkarpinski.com/index.php/mmed adapted the RNA isolation technique of paraffinated material for slide-laid
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declared that no competing interests exist. suitable to gene expression analysis by RT-qPCR.
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Advances in molecular biology and its techniqguas;hsas RT-gPCR and genomic and proteomic
sequencing, provide the elucidation of the fundtigrof our genetic material, its molecular mecharsisnd its
relation to the phenotypic characteristics of eautividual of the most varied species, both frone th
physiological as well as pathological point of view

Recently, gene expression studies have generatéat af fundamental information for a better
understanding of the adaptive and pathological geanrelated to diseases such as cancer, besides
characterizing biological markers that facilitatee tdiagnosis and the prognostic monitoring of saver
disorders. Among the techniques most used in ypis of study, RT-qPCR - which consists of quantifythe
expression of genes of interest by means of thdiawagon of cDNA fragments in real time, synthesd from
the RNA isolated from several types of biologicalterial - stands out. One of the major limitingtéas for
adequate reaction efficiency is the quality of @ ogical material. It is known that RNA is a venstable
molecule and the sample condition, such as the BXraction technique, may partially damage or ceateby
degrade the molecule, if certain concerns are ovked [1].

Often, solid biopsy may be fixed in formalin-fixeparaffin-embedded (FFPE) and blocked for
performing arranges in slides, consisting on thetnamlequate way for retrospective histological istdin
addition to allowing the storage and preservatibigemetic material for a long time. Despite RNAl#mn
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from FFPE tissues leads to a highly degraded Rt [1], these FFPE block samples may be useddoleic
acids extraction aiming to perform genome and geqpeession studies [2, 3]. RNA extraction techngyfor
gene expression studies from FFPE tissue afteoiitty are already well described and kits with thispose
are commercialized [4, 5]; however, this procedarparaffin-embedded material fixed in a slide has yet
been described and there are no protocols anébkitkis purpose.

This study aims to describe an adaptation in tblerntigue of RNA isolation from slide-laid FFPE tissy
allowing these samples to provide the quality ammcentration suitable for the realization of RT-PGsing a
known commercial kit.

Total RNA isolation were performed in 30 formalirdd paraffin-embedded biopsies of oral squamous
cell carcinoma (SCC) that were microtomized angabed in slides for histological studies. Beforephies,
all patients have signed an Informed Consent Tiaroompliance with thélelsinki Convention and approved
by FMABC Ethics Committee (protocol number 384/200Yhe material of the slides was scraped off
completely and transferred to a 2 ml microtube i aid of a scalpel slide, requiring at least¢hslides for
each sample to obtain an adequate amount of mateneerform the extraction. After scraping of sl& the
isolation of total RNA was performed with the RNg®&$-FPE Kit (Qiagen, Valencia, CA, USA) and xylene
was used as deparaffinization agent. The stepmedtin the kit protocol were followed closely.

The cDNA of the samples was synthesized using thpeiScript® Il Reverse Transcriptase kit
(Invitrogen, cat no 11752050, following the manudiaer's protocol), using random primers, and subgkto
RT-gPCR in the Applied Biosystems® 7500 Real-Tin@&RPSystems (Applied Biosystems, Foster City, CA,
USA) for the amplification of a 148 bp fragment thie endogenous gene GAPDH. The RT-qPCR was
prepared to a final volume of 1pl containing: 1X SYBR Green mix (Quantitec SYBR &mePCR
kit, QIAGEN cat. no. 204054), 10 pmol of each specprimer (F-GACCACAGTCCATGCCAT and
R-CAGCTCAGGGATGACCTT) and 2d cDNA. The primer was designed with the help oé thoftware
Primer3 Input 0.4.0 software, available at httmptb.wi.mit.edu/primer3. The sequence was checked f
specificity by the Primer-BLAST program, availaldé http://www.ncbi.nlm.nih.gov/tools/primer-blasthe
MCF7 cells cDNA amplification was used as reactsdandard for comparison of amplification patterm an
melt curve. The cyclic parameters were an init@lstart step at 95°C for 10 min, followed by 4pettions of
95°C for 15 sec and 60°C for 25 sec.

The concentration and quality of RNA obtained wereasured in NanoVue®. The mean concentration
of RNA extracted was 0.9%/ul, ranging from 0.02g/ul to 4.9ug/ul, depending on the amount of biological
material available. A260/A280 absorbance ratio iokth with these samples averaged 1.46, ranging from
0.98 to 1.84. The average A260/A280 ratio for FFiB&ue is 1.47, close to the average value obtaméus
study [6].
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Figure 1. a) Melting curve of GAPDH amplification in all CE€amples. b) Amplification Plot of GAPDH gene. Cairv
of expression in blue belongs to standard curve KF)CAII of the others belong to CEC samples.
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Because RNA from FFPE samples does not have the gamlity as RNA from fresh samples, it is
possible that the poly-A tail of the transcriptnst intact [7]. For this reason, reverse transmiptwas
performed with random primers as an alternativeligo-dT. The melt amplification and curve graplidhe
samples and the MCF7 (in blue) are shown in Figur@he melt temperatures (around 87°C) are similar
between all samples and standard (MCF7 cells), stgptlvat the amplified product is the same.

Although RNA extracted from both paraffin embedded slide-laid material does not have the same
A260/A230 absorbance ratio of fresh samples, amgtibn of the endogenous GAPDH gene was satigfacto
for all samples. For this reason, the adaptatiothefprotocol of RNA extraction from FFPE tissuail lon
histological slides proved to be efficient to ohtadequate material for gene expression studies.
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ABSTRACT

Osteoarthritis and other arthropathies are still one of the most debilitating
musculoskeletal disorders among the elderly population. Pathogenesis of these
diseases is multifactorial and mainly connected with increasing of oxidative
stress. Pharmacotherapy, physico- and balneotherapy are the most commonly
used methods of treatment. The mechanism of action balneotherapy in
arthropathies is not fully understood. Probably it is a combined effect of used
forms of biological interactions which influence different metabolic pathways.
One of the potential factor connected with decreasing oxidative stress status
during balneotherapy can be iron bioavailability and changes its concentration
during this therapy. The aim of this study was assessing change of iron blood
status during the routine 21 days’ radon-sulfide balneotherapy course in
patients with osteoarthritis. The study group consisted of 35 osteoarthritis
patients without impediment to comprehensive treatment at spa. The age of
patients ranged 32-67 years (average 53.5). The blood samples were collected
before the therapy and after 21 days of treatment at a spa. The levels of iron,
transferrin, total iron binding capacity and transferrin saturation percent were
assessed. Within statistical comparison before and after spa course reveled
decreasing trend for all iron status parameters after 21 days’ spa treatment,
but the observed changes were significant only for TIBC. In the course of spa
therapy Osteoarthritis patients, the level of the systemic iron components is
not affected and changes in blood oxidative status during this therapy probably
are not influenced by iron status and vice versa.

Keywords: Balneotherapy; Iron; Osteoarthritis; Oxidative stress; Radon-sulfide
water.
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INTRODUCTION

Osteoarthritis and other arthropathies are stik of the most debilitating musculoskeletal discsde
among the elderly population. Joint damages cheniatit for those diseases mainly occur becausanof
imbalance between the processes of degenerationegaderation of articular cartilage structurgatil now
many risk factors favoring the development of degative joint disease have been identified, suclhges
weight, previously sustained traumas to jointsyisp@ex and genetic predisposition [1, 2].

The latest scientific reports confirm that thehpgfenesis of changes in osteoarthritic joints immex,
occurs on many levels and strictly connected wittrease of oxidative stress [3, 4]. In a face afstantly
lengthening life expectance, treatment and carep&ients with these progressive and irreversilideases
generate large social and economic costs [5].

It is important to introduce effective pharmacatad and biological forms of therapy. In some coigs,
especially in Europe spa therapies and 21-daysitiver courses are very popular and have a longfitadn
treatment of many rheumatic diseases. One forndjoivant therapy for patients with osteoarthritig?ioland is
a routine 21-days balneotherapy e.g. in PrzerzeZeydj spa resort with using unique, on a Europseaie,
natural curative radon-sulfide waters [6].

Balneotherapy is an important component of arthifop treatment called also as spa medicine
or medical spa therapy. It refers to the therapiest utilize of spa waters, peloid, physiotherapy,
kinesiotherapy, therapeutic massage and differennd of hydrotherapy to reduce pain and improving
functional mobility.

Biomedical mechanism of action of balneotherapy jgimysiotherapy in spa is not entirely clear, beeau
the health resort treatment may affect many factarspa treatment, there are used different kafdmergies,
as well as natural healing materials such as: geatpr medicinal water treatment. This type ofdhg brings
not only local, but general results, and changegdhctivity of the immune system by activating #uoaptive
responses. Probably all elements of the balneqgifiéndluence by mechanical, thermal and chemicotf7]
and can activate the changes of different metalpalibways in human organism [8-10]. It is suggethted all
these forms of medicinal spa treatments have alsan@ioxidant effect proven im vitro and clinical studies
[7].

It is believed that the ferric iron status changes related with oxidative stress in various dissa
(metabolic, inflammatory, infection, cancer) as lwa$ disorders of musculoskeletal system. Ironns a
important trace element involved in many biochelnieactions essential for maintaining homeostasid a
simultaneously takes part in generating of freecads due to their high volatility redox potenti&ree iron
particles are sources of reactive oxygen specienlynga Fenton reaction. Both indispensability atieir
possible toxic effects cause that the concentratiwhavailability of iron ions remains under stbachemical
control [11].

Among other factors, increasing of reactive oxygeecies concentration and cellular oxidative stres
products is connected with onset and progressi@amtbfopathies [12, 13]. New studies confirm thécadant
effect of balneotherapy in osteoarthritis patiefd$, 15]. However, the mechanisms by which spaajner
influence on oxidative status are still not fullyderstood. One of potential factor linking these agpects can
be iron bioavailability and changes of its concatntn during balneotherapy course.

The aim of this study was assessing changes oflitood status during the routine 21 days’ radon-
sulfide balneotherapy course in patients with aatibwitis.

MATERIALS AND METHODS

The project was conducted in a health resort Pezeyn Ltd. in Przerzeczyn Zdrgj, Poland and was
approved by the Medical University of Wroctaw EghiCommittee (KB-401/2008). The study group condiste
of 35 patients (28 women and 7 men) with pain imtgand spine, caused by osteoarthritis and smnal
degenerative disc disease without impediment topcehensive treatment at a spa. The age of patiamged
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32-67 year (average 53.5). Patients were qualifiiedtreatment by a referring physician and balngisio
working as a medical consultant in the spa in ataoce with applicable standards. All patients deda
voluntary participation in the study in writing;ety were also informed about the purpose and prbtufcie
research. In addition, the study participants dedldhat during the study they will restrain froaking any
vitamin supplements, alcohol consumption and sntptabacco.

Patients undergoing spa treatment within the 3&'daealth resort stays were on the normal diet or
highly digestible diet, which was dominated by ésttooked with low fat content. Both diets weremmor
calories diets. The main element of therapy acaalifior treatments using medicinal radon-sulfidehbat
Patients were also prescribed a series of 10 terasmof various types of therapy depending on #exls and
type of disease. A sample set of patient treatmeses at spa resort included radon-sulfide batt wraps,
therapeutic individual and group exercises, lagastionulation, interference currents.

Table 1 presents the content of the individual ponents characteristic for Przerzeczyn-Zdroj cueati
waters.

Table 1. The results of physicochemical studies performed24.04.2008 at source of medical waters and aemain
spring spa (MSP).

The content of the ingredient in 1 dr of water

No Drilling place Water temp. H
location in° C P H2S HCO, Rn. Rn
Mg Mg Nci Bq
1. Borehole No. I 12.0 7.62 1.96 263.2 2.21 81.8
2. Borehole No. IX 12.0 7.72 1.70 289.6 1.71 63.3
3. MSP tank 16.0 7.65 1.87 277.9 2.20 81.4

The blood samples were collected from patientsdnjipuncture before the therapy and after 21 days of
treatment at the spa resort. The level of iron wasasured by Feren S method, transferrin by
immunoprecipitation method, total iron binding ceipa (TIBC) by the Unsaturated Iron Binding Capwcit
(UIBC) method and transferrin saturation percentewealculated. All reagents were supplied from &S
Holzheim, Germany and laboratory tests were det@diusing Konelab 20i biochemical analyser
(ThermoScientific, Vantaa, Finland). The resultsavanalyzed statistically, by the Wilcoxon test felated
data using STATISTICA12.PL. The values of p < Qu@5e regarded as significant.

RESULTS

Results of iron status parameters before (starttpand after 21 days’ spa therapy (end point)garen
as median, @Qs range and min.-max. values in Table 2.

The study showed that medians and rangee@fQuartiles nearly all iron status parameters, exoépt
transferrin concentration, were in the referendeevaanges in both estimated points. However, themom
and maximum values of the iron, transferrin con@gitn and transferrin saturation were located ladtbve
and below references cut points. Only for TIBC werfd all statistical descriptors inside referencaisies
bounds. Statistical comparison before and after sparse reveled decreasing trend for all iron statu
parameters after 21 days’ spa treatment. The TBC and transferrin concentration declined by %.,74.9 %,
9.1% respectively, and transferrin saturation by %&. Observed changes were significant only for 0B
(p<0.05).
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Table 2. Descriptive statistics of the exanimated pararsdiefore and after balneotherapy course.
Start point median End point median

Parameters

N (Q1-Q3) (Q1-Qy) p value
(min.-max.) (min.-max.)
Iron [umol/l] 18.2 16.8
/ . 35 (13.6-24.0) (12.1-21.0) 0.317
Reference value: 10.6-28.. (6.7-38.0) (6.6-32.0)
54.4 52.1
Refer;'ig\[lzm‘e’_" E ro7s, 3 (51.0-60.1) (49.2-57.4) 0.014
PSS, (46.7-69.3) (50.0-66.9)
. . 335 32.2
0,
TS;Z?ZT::\?;?JZ“gg_[sf;] 35 (26.7-39.9) (24.6-36.6) 0.650
' (14.4-54.9) (13.7-47.9)
. 33 3.0
Ref;f‘:ie\g& ([f/ 2 vag (2.5-4.1) (2.3-3.9) 0.342
S (1.0-5.7) (1.1-5.4)

DISCUSSION

In the scientific literature, there are few repabout the using of natural medicinal resourdeswater
and muds as a form of therapy. Their use is moplao in countries that have large resources and lo
tradition of use spa therapy. Such forms of theeyof great interest and readily used in manysphiresorts
located in different areas of Poland. Balneothe@amy physiotherapy are established adjuvant metheets in
osterarthritis treatment [16]. Spa therapy, byuefice on systemic changes, seems to be importztot fa
management of these diseases. We revealed in euiops investigation, that spa therapy and outphtie
treatment reduce the level of pain in patients wligigenerative joints and disc disease. What irtteggghe
reduction of pain level was more effective in cadetherapy conducted in the spa [6]. Moreover, our
unpublished study has shown significant increasbl@od antioxidant status of patients’ underlingdzlys
balneotherapy in Przerzeczyn Zdrgj resort.

In presented study, we investigated iron statuamaters before and after routine 21 days’ raddiidsu
spa treatment because of importance of iron iro#ant/antioxidant balance.

Among examined parameters we observed signifidaatease only in Total Iron Binding Capacity. The
remaining parameters of iron status showed onlyedsing trend. Despite the fact significant stoft TIBC
before and after balneotherapy, in our opiniontlilt difference due to the small degree of valusasnge,
seems to be not important in clinical practicealmilable literature, we found only single studiesimilar
area to our research. Jokic et al. in 2010 havevetidhat sulphur baths and mud packs applicatiomgi21-
days’ spa treatment influenced hematological bl@adameters and caused an increase in: number of
circulating red blood cells, mean corpuscular hdolng concentration (MCHC) and decrease in lipid
peroxidation in plasma [15]. But in their studyrirstatus parameters during spa therapy were nestfigated.
Findings, for iron metabolism, similar for obserniedour study, were published only by Olah et &l7][ In
overweight and hypertensive participants, they ntlesechanges transferrin, but not iron and C-reagtrotein
concentration after spa therapy. They did not Afgbchanges in antioxidant status [17]. Based lotaioed by
us results, we can conclude that in the course@utime 21-day spa therapy in patients with dis@ddrthe
musculoskeletal system the level of the systengic domponents is not affected. Probably changésoiod
oxidative status during this kind of therapy aréinfluenced by iron status and vice versa. It @t to notice
there are only a few publications about influentéaineotherapy on antioxidative/oxidative balaace the
mechanisms regulating antioxidant capacity, espig@bout iron status and its contribution to tktate [15,
18, 19].
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Taking to the account only preliminary characteoor study and limited number of participantssit i
appropriate to continue research in this area f@menation exact ways of influence of radon-sulfide
balneotherapy and role of iron in the network otabelic disturbances in osteoarthritis patients.
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