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Compatibility of actual and expected results of 146S particle concentration
determination by spectrometric method with rtRT-P(R and CFT (1, =3)

Tabnuua 4

(TeneHb coBnageHns GaKkTMUECKNX 1 0XKMAAEMbIX pe3yNbTaToB
CNeKTPOMETPUYECKOro Cnocoba onpefeneHns KoHLeHTpauuu 1465 yactuy
cOT-NUP-PBuPCK(n =3)

Compatibility of spectrometric

Sample status FMDV strain oy suarrnnt:)is metho?nr:tsltj(l)tjs\,lv‘;)h -
rtRT-PCR [7]

A/Turkey/2006 40 97.0-99.4 96.2-97.1

A/ARRIAH/2015 40 96.8-99.3 94.9-97.0

0/Primorsky/2012 40 98.3-99.2 97.2-98.5

0/Primorsky/2014 40 98.0-99.3 97.0-98.1

test samples Asia-1/Tajikistan/2011 40 98.4-99.5 97.6-98.5

(/Zakarpatsky/1972 40 97.0-97.7 95.2-97.1

SAT-1/Akhalkalaksky/62 40 96.1-97.3 94.8-96.0

SAT-2/Saudi Arabia 7/2000 40 98.0-99.1 96.5-98.2

SAT-3/Bechuanaland 1/65 40 97.9-98.5 94.5-97.9

positive control Asia-1/Tajikistan/2011 40 99.2-99.6 99.0-99.3
negative control - 40 100 100
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demonstrated 99.0-99.6% compatibility of actual and
expected results. FMDV genome and 146S particles were
not detected in the negative control, and that was in line
with expectations.
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SUMMARY

The aim of this study was to determine the efficacy of Afyokarahisar termomineral water in the treatment of nephritis. For this purpose, 40 Albino mouse at the
same daily age were used. Nephritis was induced by adding adenine to their feed at a rate of 0.2% for 6 weeks. After nephritis was induced, a 21-day treatment
period was started, and the mice were equally divided into two groups as control and study. While control group mice were received tap water daily and bathing in
tap water, study group animals were given fresh Siireyya | hot spring water daily and bathing in this water. Clinical, hematological, blood biochemical and histo-
pathological examinations were performed before the study, after nephritis formation, and on days of 1%, 7*, 14 and 21% of treatment period. Results of this study
showed that WBC, NEUT and MCV levels increased significantly (p < 0.05) following nephritis formation, while RBC, HB, HCT, LYM, MCH and MCHC levels decreased
significantly (p < 0.05). It was also determined that AST, GGT, GLU, BUN and IgG levels of blood biochemical parameters were significantly increased (p < 0.05)
and TP, ALB levels decreased significantly (p < 0.05) after nephritis formation. At the end of the study, it was seen that all the measured parameters turned to the
normal range in the study group animals, whereas problems still continuing with control group animals. Consequently, it was concluded that Siireyya | hot spring
water was very successful in the treatment of nephritis and considered as an option in the treatment of nephritis.
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PE3IOME

Llenbto HacToALLero NCcNe10BaHNA ABNAETCA ONpeeneHne SOHEKTUBHOCTY NPUMEeHeH!A TepMOMUHePabHOil BoAbl perioHa AbOHKapaxucap B neveHnn
HedpuTa. [1nA 370/ Lenm ucnonb3oBanu 40 Mblwweii-anbOuHOCOB 0AHOMO Bo3pacTta. Hedput Bocnponssenn nytem fobaBneHua afeHnHa B UX KOPM U3 pac-
yeta 0,2% Ha npoTsxeHu 6 Hepenb. Mepes Hauanom 21-AHeBHOTO Kypca NeyeHna MHepanbHOi BOAOI HAYLMPOBAHHOTO HeppuTa MbllLeil paaennn Ha
[BE PaBHble rPynmbl: KOHTPObHYH 1 IKCNEPUMEHTaNbHYH0. XKMBOTHBIX KOHTPONLHOI FPYNMbl eXefHeBHO BbiNavBany BOAONPOBOAHOIA BOAOI U Kynanu B Heil,
KUBOTHBIM JKCMEPUMEHTANbHOIA FPYNMbl eXe[HEBHO JaBaNk CBEXYH0 BOAY U3 ropAuero UCTouHnKa Siireyya |, a Take ycTpanany exefiHeBHble BaHHbI C UC-
noNb30BaHUeM 3T0ii BOfibl. KnuHUUecKue, remaTonorinyeckie, GnoxMmmyeckie 1 rTUCTonaTonornueckue UCCe0BaHus NPOBOAUNM L0 UCCTIe0BaHNA, NOCTe
pa3BuTUA HeGpuTa, aTakxe Ha 1,7, 14 1 21-ii feHb IkcnepumenTa. lonyueHHble pe3ynbTaTbl Nokasanu, uto nocne passutia Hedputa yposHu neitkoumtos (WBC),
Heiipodunos (NEUT) u cpesHero o6bema sputpouutos (MCV) B Kposu 3HaunTenbHo yBennuuancy (p < 0,05), B To Bpema Kak ypoBHI 3putpouuTos (RBC),
remorno6una (HB), rematokputa (HCT), numdouutos (LYM), cpenHee coaepkanue remornobuna B sputpoumte (MCH) n cpeHan KOHLEHTpaLMA remorniobuHa
B 3putpouute (MCHC) 3HauutenbHo cHusuAncs (p < 0,05). Takxe 6bIN0 YCTAHOBNEHO, UTO MOCIE Pa3BUTIAA HepUTa YPOBHU acnapTaTamuHoTpaHcdepassl (AST),
ramma-rnyTamuntpancepassl (GGT), rioko3bl (GLU), conepatue azota MoueBuHbI B kposi (BUN) u ypoBeHb [gG 3HaunTenbHo nosbicunucs (p < 0,05), a ypoBHu
obuiero 6enka (TP) u anbbymuHa (ALB) 3HauuTenbHo cHusuancs (p < 0,05). B KoHLe nccnefoBaHIA Y KUBOTHBIX 13 IKCMePUMEHTANbHOIA FpyMMbl BCe NapaMeTpbl
KpOBI HOPManN30Bach, TOTAA Kak Y MblLLIeii KOHTPOMbHOIA rpynmbl Takoro 3deKTa He HabnoaanoCh. 370 NO3BONNNO CAENATb BbIBOJ, UTO TepMaNlbHAA BOAA

U3 ucToyHuKa Siireyya | 3gpekTiBHA B neyeHnn Hepputa n MOXET PaccMaTpUBaTLCA Kak OANH U3 BAPUAHTOB Tepanui.

Kniouesbie cnosa: AdboHkapaxucap, 6anbHeotepanua, 6M0XMMIA, Mbillib, HedpUT, neyeHue.
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INTRODUCTION

Kidneys are the organs that play an important role in
metabolic activities such as absorption of minerals and
water, the acid-base balance and the functionality of
the buffer systems [1]. Nephritis is a condition in which
nephrons, which are functional units of the kidneys, be-
come inflamed which can adversely affect the kidney
function [2].

It has been shown that people who use hot springs as
balneotherapy have important benefits in endemic neph-
ropathic cases [3]. So, P. B. Nocco reported that balneo-
therapeutic cures, including inpatient and bath therapies,
were very important for regaining health, especially in the
treatment of chronic cases such as nephritis [4]. In addi-
tion, alkaline mineral waters were used for the purpose
of detoxification [5, 6]. A. L. Rodgers claimed that the cal-
cium oxalate stones formed in the kidneys over time had
achieved very successful results from the treatment with
waters containing calcium and magnesium, and these wa-
ters had have effects not only for therapeutic purposes but
also for prophylactic purposes [7]. R. Siener et al. reported
that consuming water containing magnesium and bicar-
bonate similarly regulates urinary pH, magnesium and cit-
rate excretion, prevents calcium oxalate stone formation
and prevents increased calcium excretion [8].

In this study, it is aimed to reveal the importance of
treatment with Siireyya | hot spring water with rich con-
tent in the borders of Afyonkarahisar Province in the treat-
ment of experimental nephritis.

MATERIALS AND METHODS

The experimental part of this study was carried out in
Afyon Kocatepe University Experimental Animals Applica-

tion and Research Center, in accordance with the Direc-
tive of Afyon Kocatepe University Experimental Animals
Ethical Committee (AKUHADYEK) and was referred to with
the report numbered 59-18 of the board and supported
by Afyon Kocatepe University Scientific Research Projects
Board (AKUBAPK) as the Master’s Thesis with Project num-
ber 18.SAG.BIL.12.

Animal Material. In this study, 40 Albino mice of the
same age were used. Mice were kept in a stable environ-
ment under equal heat and humidity conditions, 12 hours
day and 12 hours night, in Afyon Kocatepe University
Experimental Animals Application and Research Center.
Throughout the experiment, all the animals were fed ad
libitum food.

Creating Experimental Nephritis. Four of the 40 mice
were exempted to take blood samples before performing
the nephritis procedure in all animals. Nephritis was cre-
ated in remaining mice by adding 0.2% adenine to their
food for 6 weeks [9]. After the nephritis was created, 4 out
of 36 mice were ex for collecting blood and histopatholo-
gical examinations, and the remaining 32 mice with neph-
ritis were divided equally and randomly into 2 groups as
below:

1. Control Group (CG). Tap water was added to the drin-
kers of 16 mice with nephritis, and they were provided with
access to refreshed water and food ad libitum every day. All
the mice in CG were bathed with tap water at (35 + 2) °C
for 15 minutes at the same time once a day up to end of
this study, which was 21 days.

2. Study Group (SG). Fresh hot spring water was added
to the drinkers of 16 mice with nephritis, and it was pro-
vided to reach the refreshed daily hot spring water and
food ad libitum. All the mice in SG were bathed with fresh
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hot spring water at (35 + 2) °C for 15 minutes at the same
time once a day.

Sureyya | hot spring water, used for treatment in this
study, has a total mineral content of 4046.8 mg/L, and it
is in the thermomineral water group with sodium bicar-
bonate, carbon dioxide, magnesium, calcium, fluoride and
silicon.

Clinical Examinations. Respiratory rates (R), body tem-
peratures (T) and heart frequencies (P) were measured
in all of the mice used in the study, and the results were
recorded for statistical comparisons.

Collecting Blood and Tissue Samples. Blood and kidney
tissue samples were exhausted under ketamine/xylazine
(100/10 mg/kg) anesthesia [10] before the study, after
nephritis formation (NF), and on 1%, 7%, 14% and 21* days
following the treatment period.

Hematological Examinations. In blood samples; total
leukocytes (WBC), lymphocytes (LYM), hemoglobin (HB),
mean corpuscular volume (MCV), hematocrit (HCT), mean
corpuscular hemoglobin (MCH), mean corpuscular hemo-
globin concentration (MCHC), neutrophil (NEUT), eosino-
phil (EOS), erythrocytes (RBC), monocytes (MON) and ba-
sophils (BAS) were measured using Chemray Brand blood
count commercial test kits (Rayto Life and Analytical Sci-
ences Co., China).

Blood Biochemical Examinations. Blood urea nitrogen
(BUN), serum aspartate aminotransferase (AST), gamma-
glutamyl transferase (GGT), total protein (TP), glucose
(GLU) were measured in Cobas Integra 400 Plus (Roche
Brand (Roche Diagnostics GmbH, Germany) analyzer.
Immunoglobulin G (IgG) levels were determined with

Table 1

ChemWell, Chromate 4300 Elisa Reader device (Awareness
Technology, Inc., USA) using commerical Elisa kits (Sunred
Biological Technology Co., Ltd, China).

Blood Gases Examinations. After taking blood samples
to 500 IU liquid heparin plastic syringes for 1 ml of
blood, which were prepared simultaneously with histo-
pathological sampling, the tip of the sterile syringe was
closed immediately, and measurements were made be-
fore < 3 hours. In blood samples partial carbon dioxide
pressure (pCO,), pH, total carbon dioxide concentration
(TCO,), bicarbonate (HCO,"), base deficit (BE), potassium
(K*), sodium (Na*), chlorine (ClI7), calcium (Ca%*) values
were made using a portable blood gas analyzer EDAN
i15Vet (EDAN Instruments, Inc,, China) using commercial
cartridges.

Histopathological Examinations. Obtained kidney
samples by method mentioned above were sent to the
Veterinary Control Central Research Institute, Pathology
Laboratory to perform histopathological examinations
in 10% formol, where 5 micron thick sections were taken,
stained with hematoxylin-eosin and examined in a light
microscope.

Statistical Analyses. Statistical calculations for CG
and SG were made in accordance with the variance
analysis (ANOVA) method. The Duncan’s test was used
to determine the significance of the difference in the
groups. Statistical analyzes were provided through the
Windows-compatible SPSS Statistics 18.1 (IBM, USA) pa-
ckage program. The data levels obtained are presented
as mean * standard error, and p < 0.05 is considered to
be important.

Statistical comparison of body temperature, pulse frequency and respiratory rate

Tabnuua 1

(raTucTnyeckoe C(paBHeHMe TemnepaTtypbl Tena, 4acToTbl Ny/lbCa U YacTOTbl AbIXaHUA

Time of indicator measurement by groups

Parameters (X + SD)

P R
(frequence/min) (rate/min)

(°0)

BS (n=40) 3710016 32630+ 44.2° 117.04 2 18.36'

ANF (n =36) 38.50+0.14 32731+45.10° 131244 25.43¢

e (G (n=16) 3850 0.20° 33128+ 33.40° 132.54 2 21.45¢
1day SG (n=16) 38304018 363.14+32.20° 14114 22.25¢
" G(n=12) 3830+0.20° 33426 +27.20° 135,30 17.12¢
) SG (n1=12) 38.20+0.10° 378.23 +25.44 148.10 415,23
i G(n=8) 3820+ 0.10° 34216+ 22.23¢ 137.10 % 8.05¢
14" day SG(n=8) 38104012 37425 £21.14° 15730+ 7.20°
" (G (n=4) 38.10+0.16° 34513 +9.21¢ 142,184 6.33¢
A SG(n=4) 38.00+0.10° 376.44 +6.12° 159.23 +4.20°

*The values in the column are statistically significant (p < 0,05).
' 3naueHns B cTonbue ABAAITCA CTATUCTUYECKN 3HAUMMbIMK (p < 0,05).

BS — before study (a0 nccnegosaus), ANF — after nephritis formation (nocne passutua Hepputa),
AT — after treatment (nocne neuenus), CG — control group (koHTponbHasA rpynna), SG — study group (3kcnepumenTanbHas rpynna).
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TEST RESULTS increased statistically significantly (p < 0.05) following NF,
Since the mice had the same date of birth, there was  whereas HCT, HB, RBC, LYM, MCHC and MCH levels signifi-
2 2 =2 2| 2 no age difference in the mice (p > 0.05). The mean body  cantly decreased (p < 0.05). On the 21 day of the study, it
9 y y y Y
weight (bw) before the study was calculated as 29.7 g,  was found that LYM, HCT, RBC, HB, MCH and MCHC levels
whereas it was calculated as 28.7 g after the NF, and a sig-  increased in both groups, but NEUT, MCV, WBC levels de-
e 2| g 2| g nificant (p < 0.05) reduction was observed in terms of bw  creased. These changes were statistically more significant
‘fl 3 ‘_‘=_>| ‘_‘=_>| <_‘=_’| averages. On the 21 day of treatment, it was observed  (p < 0.05) in SG animals.
Q =] 2| s that mean bw of CG mice was 28.1 g, while that of SG mice Blood Biochemical Findings
R 2= S| 8 9 9
~ R ~. was 29.1 g, and there was a statistically significant diffe- The blood biochemical analysis were shown in Table 3.
rences (p < 0.05) between CG and SG animals. According to this Table; it was observed that GGT, AST,
§ f § g § Clinical Findings BUN, GLU and IgG levels increased significantly (p < 0.05)
+ +H | H Ho| H The clinical findings obtained during the study are  after NF, while ALB, TP and levels decreased significantly
R 8| 3 S| 8 shown in Table 1. < 0.05). On the contrary, in the following days, TP, ALB
When Table 1 was examined, by nephritis formation, levels were increased in both groups, whereas GGT, AST,
= o | & 3|5 significant (p < 0.05) changes were seen in terms of body ~ BUN, GLU and IgG levels were decreased (p < 0.05). It was
b R 22 temperature, respiration and heart frequencies. So, mean  observed that the most significant differences occurred in
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following NF, whereas LACT, Na* and CI- levels increased.
However, with the onset of treatment period, a reverse
course has taken shape in these parameters. On the other
hand, it was observed that the mostimportant changes in
terms of these parameters occurred in SG animals in the
last week of the study, and the difference was statistically
significant (p < 0.05).

Histopathological Findings

In our current study, severe glomerulonephritis was
detected in tissue sections taken from nephritic mice in
which infiltration detected in the vascular lumen (Fig. 1).

It was found that there was almost a complete im-
provement in SG animals which treated with hot spring
water at the end of the treatment period (Fig. 2), while CG
animals which treated with tap water continued to show
histopathological symptoms of nephritis in their kidney
tissue sections (Fig. 3).

DISCUSSION AND CONCLUSION

In this study, it was found that the mean of bw de-
creased with the NF, and this difference was found to be
statistically significant (p < 0.05). On day 21 of the expe-
riment the average bw of the CG mice was reported to
be lower as compared to that of the SG mice (p < 0,05).
These findings have been found to be compatible with
study U. Lange et al., which reported that treatment with
mineral waters supports fat breakdown and decreases the
absorption of fat from the intestines, leading to a decrease
in live weight [11].

It was found that the body temperatures increased
in mice with nephritis, when compared to the pre-study,
and this rising was statistically significant (p < 0.05).
However, there was no significant (p > 0.05) changes in
terms of R and P. With the initiation of treatment; it was
observed that the levels for R and P increased in both
groups, but the highest levels were shaped in SG animals.
These findings support the findings of the researchers
P. Greco-Otto et al., who reported that spa treatment
increased heart rate, improvement in peripheral ves-
sels, and an increase in heart and indirectly respiration
rate [12]. Moreover, hot baths have been reported to
stimulate the sympathetic nervous system, leading to
an increase in blood pressure, heart and respiratory fre-
quency [13].

It was observed that mean NEUT, WBC and MCV counts
were continuing in high levels in CG animals, while SG
mice which received Sireyya | hot spring water and
bathed have a decreased. So, it has been reported that hy-
perthermal waters have animmunosuppressive effect and
T-lymphocyte and EOS numbers decrease significantly in
hyperthermal baths in both healthy individuals and those
with chronic inflammatory disease [14].

It was found that mean RBC, HB, HCT, MCH and MCHC
counts decreased statistically (p < 0.05) in the period
following NF. It has been previously reported that these

Fig. 1. Severe glomerulonephritis (white arrow), 10x-40x

Puc. 1. BeipaxkeHHell 2nomepynoHegppum (6enas
cmpernka), ysenudeHue 10x-40x

Fig. 2. Completely healed tubule and glomerul structure
atthe end of day 21 in study group animals (tubule - thin
arrow, glomerul - thick arrow), 10x-20x

Puc. 2. BoccmaHosneHue cmpykmypel KaHaneuyes

U KJ1y604K08 Ha 21-e cym y KUBOMHbIX
3KCnepumeHmasbHoU epynnel (KAHAAbUbI — MOHKAA
cmpesika, Kybouku — moscmas cmpeskay,
ysenuyeHue 10X-20x

As known, magnesium deficiency is one of the reasons
specific clinical inflammatory syndrome, because its
deficiency causes dyslipidemia, hypertension, insulin
resistance, endothelial activation and prothrombic dif-
ferences with the regulation of inflammation and oxida-
tive stress markers [16].

In the current study, it was observed that GGT, AST,
BUN and IgG levels increased significantly (p < 0.05) fol-

H(O; — bicarbonate (6ukap6oHart), BE — base excess (caur 6ydepHbix ocHoBaHuWiA), T(O2 —total (02 (0611138 KOHLIeHTPaLMA YINeKMCNOro rasa),

pH — hydrogen ion concentration (koHuexTpauys noHos Boopoaa), pC0, — (0, partial pressure (napumanbHoe AaBneHite yreKUCIoro rasa),
LACT — lactate (nakTat), K* — potassium (kanuit), Na* — sodium (Hatpuit), CI- — chlorine (xnop), Ca** — calcium (kanbumi).

BS — before study (o nccnegopanma), ANF — after nephritis formation (nocne passutia Hedputa), AT — after treatment (nocne neuexus),

= 34aueHna B cTonbLe ABAAIOTCA CTATUCTUYECKN 3HAUMMbIMK (p < 0,05).
(G — control group (KoHTponbHas rpynna), SG — study group (onbiTHaA rpynna).
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28 &% = 2z ter is rich in Mg, and the inflammatory markers were  that UREA, ALT, AST, CREA levels decreased and TP and
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Fig. 3. Continuation of the glomerulonephritis
structure at the end of day 21 in control group
animals (white arrow), 10x-20X

Puc. 3. Tucmonamosnozauyeckue npusHaKku
251omepyrioHegppuma Ha 2 1-e cym 8 cpezax
noyeyHoOU MKAHU XUBOMHbIX KOHMPOTbHOU
2pynnel (6enas cmperka), ysenudeHue 10x-20x

water in the experimental metabolic syndrome expe-
rimentally created by fructose [16]. Even though albu-
min levels decreased significantly following nephritis, it
was thought to be related to liver damages, but it also
indicated that there was no reabsorption from kidney
tubules [17].

It has been explained that balneotherapy can be ef-
fectively applied to lower blood sugar levels. It has been
reported that these beneficial effects of the balneotherapy
might be related to its ability to control high blood sugar
that causes glucose tolerance [18]. In the current study,
GLU levels were high in nephritis-induced mice, but with
the onset of treatment, the gradually decrease in GLU
levels, the most important decreases were detected in
SG mice, and these findings were consistent with these
researchers reported above.

Unfortunately, we did not find a study measuring blood
gases in the treatment of nephritis with hot spring wa-
ters in widely literature searches. In our study, it was ob-
served that LACT, CI-and Na* levels increased significantly
(p < 0.05) following NF, whereas Ca?* and K* levels de-
creased. After the treatment was initiated, the opposite
results were obtained, and it was determined that LACT,
Cl~ and Na* levels decreased, while Ca?* and K* levels in-
creased. Compared with CG, these changes were seen to
be faster and statistically more significant (p < 0.05) in SG
animals. Hypercalcemic and hyperchloremic metabolic
acidosis occurs after nephritis. Blood pH, HCO,~ and pCO,
levels decrease, Cl-, Na* and LACT levels increase [19]. In
addition to kidneys and lungs, mineral waters of suitable
nature have been reported to provide acid-base balance
in the liver and regulate the metabolism of LACT and
some amino acids [20]. In the study, it was determined
that the parameters mentioned in the 21 day of SG ani-
mals which treated with Siireyya | hot spring water, and
reached physiological levels, and the metabolic acidosis
case improved. So, L. Xu et al. previously reported that
LACT levels significantly improved after 21 days of spa
treatment in studies conducted in individuals living under
bad conditions [19].

In our current study, severe glomerulonephritis was
detected in the tissue sections of the kidneys of the mice
with nephritis along with inflammatory infiltration in the
vascular lumen (Fig. 1). Although a progressive improve-
ment was observed in SG which treated with Streyya | hot
spring water at the end of this study (Fig. 2), it was ob-
served that the nephritis picture continues in CG animals
treated with tap water. These histopathological findings
prove that the Siireyya | hot spring water provides signifi-
cant improvements in the nephritis case histopathologi-
cally as well as clinical, hematological, blood biochemical
and blood gasses findings.
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