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SUMMARY

Due the increasing number of alcoholic fatty liver disease cases in the world, the development of methods for treating this disease is an urgent task. According to
different publications mineral water from hot springs has a beneficial effect on liver cells. In this regard, an investigation was performed with the aim to assess the
effectiveness of hot spring water from the Siireyya | spring (Afyonkarahisar province) in treatment of fatty liver disease. 50 one-day-old albino mice with an average
body weight of 29.6 g were selected for the experiment. The tests of liver tissue, biochemical and hematological blood tests, as well as blood gas tests performed at
this stage, demonstrated deterioration in all parameters. To prove the effectiveness of using hot spring water in the treatment of alcoholic fatty liver disease, two
groups of 25 mice each were formed. The animals of the control group were given tap water to drink, and were also bathed (daily) in it for one hour. The mice of the
experimental group were given the hot spring water to drink and bathed in it for 15 minutes every day. Histological tests and blood tests were performed on day 1,
7,14,and 21 of the experiment using five animals randomly selected from each group. On day 21 of the experiment, the animals of the experimental group demon-
strated a significant (p < 0.05) decrease in the total number of leukocytes, neutrophils, monocytes, as well as in the levels of aspartate aminotransferase, alanine
aminotransferase, gamma-glutamyltransferase, low-density lipoproteins, total cholesterol, triglycerides. There was also an increase in erythrocyte, hemoglobin,
hematocrit, total protein, albumin and high density lipoprotein levels (p < 0.05). The results of histopathological analysis also demonstrated positive dynamics. At
the same time, no pronounced positive dynamics was observed in animals of the control group. Moreover, microscopy of liver samples showed an ongoing process
of tissue degeneration. The data obtained allow us to conclude that it is advisable to use the hot spring water for the treatment of alcoholic fatty liver disease.
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PE3IOME

B cBA311 C BO3paCTatOLLMM KONMYECTBOM CNyyaeB Pa3BUTIAA ANKOTObHON XUPOBOI AUCTPOGUN NeyeHI B MUPe aKTyanbHON 3aJjaueil ABNAETCA pa3paboTka MeTo-
[I0B IeYeHNA 3T0r0 3a60NeBaHuA. 113 iuTepaTypHbIX JaHHbIX M3BECTHO, YTO MIHEpaNlbHAsA BOJA U3 TePMallbHbIX UCTOYHMKOB 0Ka3blBAET 671aroTBOPHOE BAMAHME HA
KneTKu neyenu. B cea3m ¢ 31m 6bino npoBeeHo MccnefoBaHMe N0 OLeHKe IQHeKTUBHOCTY MPUMEHeHNA TepManbHON BoAbl U3 UCTOYHNKa Siireyya | (npoBuHLMA
AdboHKapaxucap) mpu ieyeHnn XupoBoii AuCTpodum neveHn. ina sxkcnepumenTa 6biim 0tobpaHbl 50 MblLLeii-anbb1HOCOB CYyTOUHOTO BO3pacTa o CPeHeli Mac-
coiiTena 29,6 . Yepes wecTb HeeNb NPUMEHEHNA STUMOBOTO CMPTa Y MblLLe CHOPMUPOBANOCH OXKIMPEHKe NeueHu. [poBeAeHHbIe Ha 3TOM Tane UCciefoBaHNA
TKaHei neyeHu, 6UOXUMUYECKII 1 reMaToNorNyecKmil aHanu3bl KPOBIA, @ TaKXKe aHaN3 ra3oBoro CocTaBa AEeMOHCTPUPOBANM yXyALLEHIe Bcex nokasaTeneii. [ina
[1l0Ka3aTenbCTBa 3QHEKTUBHOCTA NPUMEHEHNA TePMaNbHOI BOAbI NPY SeueHIy anKkoroNbHOi XpoBOil AUCTPOGUHN NeyeHH Bbinu copMUpoBaHDI ABE rPyNMbI N0
25 MblLueli B KaxfoiA. ’KuBOTHbIX KOHTPObHOI FPYNMbl BbiNauBany BOJONPOBOAHOI BOAOM, a TaKXKe YCTpauBany U3 Hee exefHeBHble YacoBble BaHHbI. Mbiwei
OMbITHOM rPYNMbI NOUNK TepMaNbHOI BOZOIA, @ TAKXKe Kynanu B Heil N0 15 MUH Kax[blii AeHb. [cTonornyeckine nccnefoBaHnA U aHanu3bl KpOBU NPOBOANAM
Ha 1,7, 14 1 21-e cyT 3KCnepuMeHTa y 5 NPON3BONbHO BbIOPAHHBIX U3 KaX A0/ rpynmbl XIMBOTHbIX. Ha 21-e cyT nccnefoBaHnA Y XXMBOTHBIX OMbITHOI rpynmbl
Habntopanock A0cToBepHOE (p < 0,05) CHIKEHNe 06LLero KONMYECTBA NIEKOLMTOB, HERTPOGINOB, MOHOLMTOB, a TAaKXKe ypOBHEN acnapTaTamMUHOCTpaHchepasbl,
anaHMHaMUHOCTpaHcdepasbl, raMMa-rayTamunTpaHcdepasbl, TUNONPOTENHOB HIU3KOA MAOTHOCTI, KOHLIEHTPaLWY 06LLiEero XxonecTepuHa, TpUrnLepuaoB. Takxe
Habnioanoch yeenuyeHue ypoHeii pUTPOLITOB, reMornobuHa, rematokpuTa, obLuero 6enka, anbbymuHa 1 NUNONPOTENHOB BbICOKOI NAOTHOCTU (p < 0,05).
[TonoxutenbHas AMHamuka Habnioganach Takxe no pesynbratam rMcTonaTonornyeckoro aHanu3a. B 1o e Bpema y XUBOTHbIX KOHTPONLHOIA IPyNMbl APKO Bbl-
paKeHHOI NONOXMUTENbHOI AMHAMIKM He Habnioaanock. bonee Toro, MuKpockonua npo6 neyenu nokasana NPoAOMKAIOLMACA NPOLECC AereHepaLn TKaHeid.
[TonyyeHHble faHHble N03BONAIT CAeNaTh BbIBOA 0 LieNnecoobpazHOCTM NpUMEHeHNA TepManbHO BOAbI ANA leYeHNA anKoroNbHOI XUPOBOIA AUCTPODUN NeyeHu.

KnioueBbie cnoBa: 6anbHeoTepanus, 6MOXMMIS, TeMATONOTVIs, TUCTONATONOTUS, XKUPOBas AUCTPOGUS NEUeHMN.
BnaroaapHocTb: ABTOpbI BbIpaXaloT npusHarenbHoctb Mr. Suayp Demirel 3a ero nogaepKy Bo Bpems UCCIe[0BaHMA.
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INTRODUCTION

Fat accumulation exceeding 5% of the total liver mass
is called fatty liver disease (FLD) and its incidence is increa-
sing rapidly all over the world [1]. Along with that genetic
factors are thought to have impact on the development
of the disease, the most important risk factor of alcoholic
fatty liver disease (AFLD) is excessive alcohol consumption
(>20g/day) [2]. Alcohol increases the uptake of fats to liver
from the intestine and fatty acid synthesis (lipogenesis)
and reduces the digestion of fatty acids (by reducing the
beta oxidation of fatty acids), causes fat accumulation
in liver cells and ultimately causes AFLD [1, 3]. AFLD can
lead to firstly hepatitis and cirrhosis lately [4], and even
cancer [5].

During AFLD, hematological, biochemical and histo-
pathological changes are taking place. Alcohol increases
the translocation of bacteria from the intestine and leads
to increased uptake of bacterial lipopolysaccharides that
cause inflammation by activation of Kupffer cells [6]. There-
fore, leukocytosis and thrombocytopenia occur frequent-
ly in patients with alcoholic steatohepatitis [7]. The most
common biochemical finding is elevated transaminases
and 2-4 times increase in AST and ALT levels may be
seen [8]. The most important histopathological finding of
the FDL is the presence of fat vacuoles in hepatocytes in
microvesicular or macrovesicular form, or both [9].

It has been reported that hot spring baths contribute
significantly to the prevention of hepatitis supporting
the incidence of chronic hepatitis by decreasing the por-
tal venous pressure, drinking hot spring water reduces

fattening in the liver, stabilizing carbohydrate and lipid
metabolism and preventing the progression of patholo-
gical process [3].

This study was conducted to determine the efficien-
cy of drinking and bathing applications of Siireyya | hot
spring water containing many minerals and compounds
that have proven therapeutic efficiency in experimental
FLD mice in the treatment of FLD

MATERIALS AND METHODS

Experimental part of this study was made in Experi-
mental Animals Application and Research Center of Afyon
Kocatepe University and conducted in accordance with
Afyon Kocatepe University Experimental Animals Ethics
Committee Instructions (AKUHADYEK) under the report
with reference number 42-18 and was supported as Mas-
ter's Thesis Project by Afyon Kocatepe University Scientific
Research Projects Committee (BAPK) under the number
18.SAG.BIL.11.

In this research project, 50 Albino mice of the same dai-
ly age were used. The animals were kept in plastic cages in
a stable environment with equal humidity and heat con-
ditions for 12 hours night and 12 hours day at Afyon Ko-
catepe University Experimental Animals Application and
Research Center. During the study, animals were allowed
to receive ad libitum rat feed.

Six weeks after alcoholic fatty liver procedure was ap-
plied in all animals [10], 50 mice which have same body
weight average and constitute the study material were di-
vided into two groups as control group (CG) (n = 25) and
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Table 1

Weight gain, bouyancy and presence of lesions at the stage of before study, after fatty liver disease formation and after treatment

in the animals

Ta6nuua 1

anGaBKa B Bece, CamouyB(TBMe U Hannumne nopameuuﬁ A0 UcciefoBaHuA, nocie OXKUpeHna neyeHn U nposeeHHOro ie4eHUA XNBOTHDIX

Time of indicator measurement . . - . .
- Weight gain or loss (g) Bouyancy / Clinical lesion formation

_ 29.6° .
BS (n=50) (25.4-32.5) Bouyancy and appetency (+++), lesion (-)
AFLF (n = 44) 31.6° Bouyancy and appetency (+++), 2 mice dead,
-~ (26.3-32.1) 4 mice were operatively exed for examinations, lesion (-)
Gn=21) 31.5° Bouyancy and appetency (+++), 1 mouse dead,
AT - (26.3-32.0) 5 mice were operatively exed for examinations, lesion (-)
1" day S6(n=22) 31.70° Bouyancy and appetency (+++),
- (26.4-32.1) 5 mice were operatively exed for examinations, lesion (-)
G (n=15) 31.26° Bouyancy and appetency (+++),
AT B (26.3-31.64) 5 mice were operatively exed for examinations, lesion (-)
7" day $6(n=15) 30.02° Bouyancy and appetency (+++), 1 mouse dead,
-~ (24.2-30.4) 5 mice were operatively exed for examinations, lesion (-)
=9 30.64% Bouyancy and appetency (+++), 1 mouse dead,
AT - (25.6-31.0) 5 mice were operatively exed for examinations, lesion (-)
14" day 56(n=10) 30.12 Bouyancy and appetency (+++),
- (24.0-30.2) 5 mice were operatively exed for examinations, lesion (-)
G =4 30.23° Bouyancy and appetency (+++),
AT -~ (25.6-31.0) 4 mice were operatively exed for examinations, lesion ()
21%day 56(n=5) 28.02° Bouyancy and appetency (+++),
- (23.1-28.9) 5 mice were operatively exed for examinations, lesion ()

*<The values in the column are statistically significant (p < 0.05).
"¢ 3HaueHuA B CToN6Le ABNAKTCA CTAaTUCTUYECKN 3HAUUMBIMK (p < 0,05).

BS — before study (no uccnegosanus), AFLF — after fatty liver formation (nocne oxwpenus neuen), AT — after treatment (nocne neuenus),

(G — control group (KoHTponbHasA rpynna), SG —study group (onbiTHaA rpynna).

study groups (SG) (n = 25) for a 21-day treatment period
equally and randomly. Normal tap water was added to
the CG mice’drinkers, while the hot spring water that was
brought from the source each day as fresh added to SG
mice’ drinkers and they were allowed to reach ad libitum.
Also, CG mice were bathed in the (35 + 2) °C tap water as
same hour every day, SG mice were bathed in the same
temperature with fresh hot spring water for 15 minutes,
they were dried with a soft towel after bath, blow dryer
was installed gently and then they were putin their cages.
In the treatment stage, five animals randomly selected af-
ter clinical examination were madeon 1,7, 14 and 21 days
after treatment in all of the CG and SG group animals (un-
der xylazine (10 mg/kg) and ketamine (100 mg/kg) anes-
thesia) and blood and liver tissue samples were taken by
intracardiac method for hematological, blood biochemical
parameters, blood gases analysis and histopathological
examinations [11].

Characteristics of Siireyya | Hot Spring: Streyya | Hot
Spring Water which is volcanic spring and has the property
of being the only carbon dioxide water of the region, has
been reported as sodium bicarbonate, carbon dioxide,
fluoride and silicon thermomineral water class by istanbul
University Capa Medical Faculty Department of Medical

Ecology and Hydroclimatology and mineralization in total
has been reported as 4046.8 mg/L by izmir Community
Health Laboratory. Although not specified in this report,
it is also accepted in calcium water class since its calcium
content is > 150 mg/L.

Clinical Examinations. The body weight (T), mobilization,
feed and water consumption, whether they developed
lesions of mice were examined and body temperatures,
heart frequency (P) and respiratory rate (R) of the animals
were measured at the determined measurement times.

Hematological Examinations. Hematological para-
meters such as erythrocyte (RBC), total leukocytes (WBC),
hematocrit (HCT), hemoglobin (HB), mean corpusculer
volume (MCV), mean corpusculer hemoglobin concen-
tration (MCHC), lymphocyte (LYM), neutrophil (NEUT),
eosinophil (EOS), monocyte (MON) and basophil (BAS)
were determined using by commercial test kits and
Chemray Brand blood counting device.

Blood Biochemical Examinations. Alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), total pro-
tein (TP), albumin (ALB), urea (UREA), glucose (GLU), tri-
glyceride (TRIG), total cholesterol (TCHOL), high density
lipoprotein (HDL), low density lipoprotein (LDL) and mag-
nesium (Mg) levels were measured on the Cobas Integra
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400 Plus Roche Brand analyzer (Roche Diagnostics GmbH,
Germany).

Blood Gases Analyses. After blood samples were taken
to plastic syringes with heparin supplemented as 500 U
liquid heparin for 1 ml of blood prepared previously,
pH, partial carbon dioxide pressure (pCO,), total carbon
dioxide concentration (TCO,), base excess (BE), bicarbo-
nate (HCO,), chlorine (CI), sodium (Na*), potassium (K*),
calcium (Ca?*) measurements were carried out on portable
blood gas analyzer (Edan i15 Veterinary blood gas analy-
zer) by using commercial cartridges.

Histopathological Examinations. Liver samples were
taken under anesthesia of ketamine/xylazine (10 mg/kg/
100 mg/kg) [11] one week interval from 5 animals random-
ly selected from both groups at the determined measure-
ment times. Samples were sent to the relevant laboratories
in 10% formol. Histopathological examinations were car-
ried out by experts at Veterinary Control Center Research
Institute, Pathology Laboratory in T.R. Ministry of Agricul-
ture and Forestry.

Statistical Analyses. Statistical analyzes of the groups
were made according to ANOVA method. Duncan test was
used to determine the importance of intragroup differen-
cesin the study group. Statistical analyzes were performed
using Windows compatible SPSS 18.1 (Inc., Chicago, I,
USA) software. Data were expressed as mean + standard
error and p < 0.05 was considered significant.

TEST RESULTS

In this study, sex was not considered a factor in the sta-
tistical analysis of the data.

Clinical Findings

Clinical findings of animals are shown in Tables 1 and 2.

Table 2

When Table 1 is examined, the body weight (bw) ave-
rages of the CG mice was 31.5 g (min 26.3, max 32.0) in the
weighings performed at the beginning of the treatment
phase and the bw averages of the SG mice was 31.7 g
(min 26.4, max 32.1) and it was observed that there was
no statistical difference in terms of bw (p > 0.05). In bw
measurements on the 21 day of the study, mean SG ani-
mals were found to be statistically significant lower than
the CG (p < 0.05). When Table 2 is examined, along with
there was no statistically significant difference in terms of
Tin the measured time periods (p > 0.05), when compared
with the pre-study, it was found that P and R frequencies
showed significant (p < 0.05) differences in terms of ave-
rage after fattening formation, and it was found that these
averages were significantly higher in CG animals (p < 0.05)
compared to SG animals during the treatment process.

Hematological Findings

The hematological examination findings of CG and SG
animals are shown in Table 3.

When the Table 3 was examined, it was observed that
WBC, NEUT, MON, MCV, MCH levels increased signifi-
cantly after fattening (p < 0.05), whereas RBC, HB, HCT,
LYM, MCHC and PLT levels were significantly (p < 0.05)
decreased. In the post-treatment comparisons, WBC,
NEUT, MON, MCV and MCH averages in SG animals were
lower (p < 0.05) and RBC, HB, HCT, LYM and PLT levels
were higher (p < 0.05).

Blood Biochemical Findings

The averages of blood biochemical analysis findings are
shown in Table 4. It was determined that AST, ALT, GGT,
UREA, CREA, TCHOL, TRIG and LDL levels increased sig-
nificantly (p < 0.05) after fattening and TP, ALB, HDL, GLU
and Mg levels decreased significantly (p < 0.05). Although

Statistical comparison of body temperature, pulse frequency and respiratory rate

Tabnuua 2
(TaTUCTUYecKoe cpaBHeHNe TeMNepaTypbl TeNa, YacToTbl MyNbCa U YacToTbl AbIXaHuA

Parameters (X + SD)

Time of indicator measurement

by groups p R
(frequency/min) (rate/min)

BS (n=50) 37.20+0.14 341.44 £ 45101 126.30 % 20.00°
AFLF (n = 44) 37.40+0.18 432.28 £ 65.30° 240.14 + 35.00°
AT Gn=21) 37.40+0.10 413.04 £ 53.40 238.28 £33.10°
1" day SG(n=22) 37.30+0.12 392.05 +47.10° 221.24 +£32.00°
AT (G (n=15) 3730 +0.00 402.12 + 4530 229.00 + 25.00*®
7" day Sa(n=15) 37.10£0.00 376.18 + 38.20° 178.10 £ 24.10°
AT G(n=9) 37.20+0.20 398.47 +32.00" 180.34 + 24.00°
14" day SG(n=10) 37.10+0.10 360.40 + 28.40° 145.18 + 20.00¢
AT G(n=4) 37.20£0.12 374.10 + 35.20° 15030 + 22.00¢
21" day SG(n=5) 37.00+0.14 33718+ 24.30° 130.34 +16.10°

*The values in the column are statistically significant (p < 0.05).
*3HaueHna B cTonbLe ABAAITCA CTATUCTUYECKN 3HaUMMbIMK (p < 0,05).

BS — before study (ao nccnegosanus), AFLF — after fatty liver formation (nocne oxuperus neyenn), AT — after treatment (nocne neuetns),

(G — control group (KoHTponbHasA rpynna), SG —study group (onbiTHaA rpynna).
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Fig. 1. Formation of fatty liver in mice treated with ethyl alcohol (10x-40x)

Puc. 1. lopaxkeHue ne4yeHu y Mbiwel Noc/ie npuMeHeHUA 3mus108020 cnupma (yeenauderue 10xX—40x)

TP, ALB, HDL, GLU and Mg levels were increased and AST, When this table is examined, it was observed that pH,
ALT, GGT, UREA, CREA, TCHOL, TRIG and LDL levels were  partial CO,, pCO,, BE,HCO,", Ca**and K* levels decreased as
decreased in both groups after treatment, in terms of in-  a result of fatty liver, whereas LACT, sodium Na* and Cl- le-
creasing and decreasing parameters, it was observed that  velsincreased, in terms of this increase and decrease in the
the changes in SG animals were statistically significant  group comparisons, the highest levels (p <0.05) occurred in

(p < 0.05) than CG animals. SG animals in terms of rate and amount of healing.

Blood Gases Findings Histopathological Findings

Statistical comparisons of blood gas analysis results are Histopathologically, it was found that the fattening was
presented in Table 5 below. in the form of intrastoplasmic, microvesicular and partly

Fig. 2. Ongoing parenchymal degeneration and fattening at the end of day 21 in control animals (10x-40x)

Puc. 2. [MapeHxumamo3Has 0ezeHepayus nevyeHu Ha 21-e Cym y XUBOMHbIX KOHMPOsIbHOU 2pynnel (yeenuyeHue 10X—40x)
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Fig. 3. Normal liver appearance in mice treated with Stireyya | hot spring water at the end of day 21 (10x-40x)

Puc. 3. BHewHul 8ud nedeHu y Mbiweli, Nosy4asuiux 800y U3 mepManabHO20 UCMOYHUKA Siireyyal |,

Ha 21-e cym uccnedosarus (yeenuueHue 10x-40x)

macro-microvescular fattening, and intense parenchymal
degeneration and necrosis with severe fattening were
partly observed (Fig. 1) after fatty liver formation.

In the comparisons at the end of the 21 day, which is
the last day of treatment, it was found that fat formation
continued in CG animals treated with tap water (Fig. 2),
whereas fat and necrosis cases improved significantly in
SG animals treated with hot spring water (Fig. 3). Sections
and pictures of each measurement time are archived.

DISCUSSION AND CONCLUSION

It was found that the average bw (31.6 g) after fattening
formation was higher compared to the average bw (29.6 g)
prior to fattening formation, but the bw average of CG ani-
mals (30.23 g) was higher than the average of SG (28.02 g)
on the last day of treatment. This finding is consistent
with the studies [3] reporting that EtOH causes to weight
gain by fastening the liver and that the treatment with
hot spring waters leads to weight loss by increasing fat
burning and reducing fat intake from the intestines. It was
shown that respiratory rate and heart frequencies were
statistically significant (p < 0.05) in animals whom fatty
liver is formed, and these findings were found to be in
compliance with the studies indicating that the increased
heart rate would be accompanied by increased respiratory
frequency [10].

It was observed that WBC, LYM numbers which were
initially high, were decreased in the SG animals which
drink Sireyya | water and are daily bathed with this wa-
ter. These findings were found to be compatible with the
studies [12] indicating that hot spring waters had an im-
munosuppressive effect and that T-lymphocytes in blood
decreased significantly in hyperthermal baths, and that
hyperthermal waters provoked ACTH hormone level and
cortisol production and caused T-lymphocytopenia and
eosinopenia.

Chronic alcohol consumption has been reported to
lead to elevated MCV levels with leukocytosis and throm-
bocytopenia [13], and leucocytosis and thrombocytopenia
have been tended to normal levels upon discontinuation
of alcohol consumption [14]. The fact that the lower MCV,
WBC and higher PLT levels were obtained in SG animals
which drank Siireyya | hot spring water compared to CG
and initial measurements fattening, and the that this case
reached the most significant level in the last week of treat-
ment support these researches’ declarations. Increased
MCV has been reported to be important biomarkers of
chronic alcohol dependence [15],and high MCV levels ac-
companied by clinical inflammation syndrome resulting
in Mg deficiency in leukocyte and macrophage activation
and excessive production of free radicals [16]. Since the
Sireyya | hot spring water used in our study is rich in Mg,
itis thought that Mg may contribute to the normalization
of leukocytosis and high MCV levels by showing anti-
inflammatory effect.

In our study, in animals with fatty liver, it was found that
TRIG, LDL, TCHOL levels were significantly increased, HDL
cholesterol levels were decreased, but in the treatment of
animals treated with hot spring water, however, in the SG
animals given hot spring water with the beginning of the
treatment period, a reverse course was formed in these pa-
rameters and the improvement in the lipid profile gradu-
ally increased and the best results were obtained in the
animals in the SG and in the last week. These findings are
consistent with the findings of the researchers [17] who re-
ported that acute or chronic natural use of mineral waters
had significant regulatory effects on serum lipid profile. As
a matter of fact that, C. L. Hsu et al. [18] reported that rich
mineral waters decreased TCHOL levels by increasing fecal
cholesterol and bile acid excretion in feces.

The spectacular effects of rich mineral waters on obe-
sity have been revealed by the stimulation mechanism of
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mitochondrial genesis and the identification of compo-
nents controlling energy release from fats. Mg and Ca are
the main components that play a role in reducing fat [19].
Sureyya | hot spring is rich in Mg and Ca ions. Mg redu-
ces lipid accumulation due to high cholesterol intake [20].
Y. Kishimoto et al. indicated that Mg uptake also inhibits
intestinal fat absorption and may improve postprandial
hyperlipidemia in healthy individuals [21]. M. Kimura et al.
showed that mineral water containing 600 and 1,000 ppm
Mg could reduce cholesterol levels by 18% and 15%, re-
spectively [22]. It was reported that Mg-rich water decrea-
ses lipid peroxidation by increasing hepatic low-density
lipoprotein receptor and cholesterol-7a-hydroxylase
(CYP7A1) gene activation that play a role in cholesterol
catabolism, so leads to decrease in TCHOL and LDL le-
vels [23]. However, there are studies that report that Mg-
rich mineral waters treat fatty liver by inhibiting cholesterol
and fatty acid synthesis by increasing the AMP-activated
protein kinase enzyme level [24].

Calcium in the diet prevents adipocyte lipid accumula-
tion and weight gain, increases lipolysis and thus signifi-
cantly accelerates weight loss. Moreover, it has recently
been shown that calcitriols released in response to low
calcium diets stimulate Ca flow in human adipocytes and
thus support adiposity [25]. In spite of all these positive
effects, it has been reported that Mg and Ca do not have
an effect alone in reducing fat and other elements con-
tribute to it [26]. HCO,™ is the leading element of these
elements, and water with rich HCO,~ has been reported to
have a reducing effect on total and LDL cholesterol [17].In
our study, Slireyya | hot spring water used for treatment
purposes is included in the bicarbonate hot spring water
class and has a high concentration of HCO," besides high
Mg and Ca levels. As a matter of fact, in the measurements
we made, the group with the highest increase in blood
HCO, levels was determined to be the SG group and also
the lowest levels of TCHOL, LDL and TRIG were obtained
in this group. It has also been reported that Cl- containing
bicarbonate water stimulates bile acid excretion and re-
duces TRIG concentration in the intestine [27].

In our study, it was found that the measured levels of
AST, ALT, GGT, UREA and CREA were found to be high in
the measurements following the fattening and TP, ALB,
GLU, HDL levels were low. With the commencement of the
treatment period, in SG animals given Sureyya | hot spring
water, a continuous positive improvement was observed
in these parameters until the last week of the study when
compared with CG animals. Similar findings were found
in a study C. Pereira et al. reporting that high levels of AST,
ALT, GGT, UREA, CREA decreased in mice with metabo-
lic syndrome, whereas TP, ALB, HDL levels increased [16].
Plasma AST and ALT are considered important markers in
the detection of liver damage [28]. I. Chen et al. argued
that treatment with high mineral waters reduced lipid
accumulation in the liver by increasing daily fecal lipid
and bile acid output [29]. Also, it was reported that rich
mineral waters reduced lipid peroxidation and related
hepatic malondialdehyde (MDA) content in the livers and
prevent hepatic damage, boron and Mg contained in it
increased antioxidant capacity against oxidative stress and
decreased high ALT and AST levels [18].

It was reported that ALB, TP, Mg and K levels were
significantly decreased in patients with AFLD similar
to our findings, whereas GGT and bilirubin levels were
elevated and these findings were important markers of

alcohol-related severe fat [30]. In our study, high levels
of GGT and low levels of TP, ALB, Mg and K were found to
support the findings of these researchers. At the end of
the treatment period, the fact that the most important
healings related to these parameters are detected in SG
animals proves the effectiveness of treatment with hot
spring water. As a matter of fact, it has been reported
that hot spring water and baths normalize the intake of
minerals and proteins from the intestines by reducing
portal venous pressure [9].

Overdose and excessive consumption of alcohol cause
ketoacidosis associated with metabolic acidosis [27]. In
this case, a decrease in blood pH, pCO, and HCO," levels
and an increase in LACT levels are detected [31]. In our
study, similar findings were found in animals with fatty
liver formed. However, it was observed that after starting
treatment with Sireyya | hot spring water in SG animals,
a reversal of these parameters started and withdrawn
to physiological limits towards to end of the treatment,
metabolic acidosis due to lactic acidosis improved when
compared to CG. L. Xu et al. reported that LACT levels de-
creased significantly after 21-day balneotherapy, along
with there was an increase in TCO, levels, this increase was
not statistically significant.

In our present study, in histopathological sections
of liver tissue samples taken after the formation of fatty
liver intrastoplasmic, microvesicular and partly macro-
microvesicular fat was observed, and intense parenchy-
mal degeneration and necrosis foci with severe fattening
were partly observed. These data are consistent with the
studies that report that up to 90% of chronic alcohol users
will experience steatosis in the centrilobular or perivenular
area [33]. In the histopathological comparisons at the end
of the 215t day, it was found that although fattening in liver
and necrosis healed in SG animals treated with hot spring
water, fattening were still continued in CG animals treated
with tap water. This finding has been detected for the first
time and constitutes a reference.
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