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9505 3b080sbMmdoL dgmbg 33905 STZ-0l FMOZ5WKRINIQ VIO
©mbBgdom (30 dy/3p, MmOXIO 0bgdsos 1 33000560 0bEHgH35com)
069J305bmsb gMmo JoBbgme 0465 FogdlodowrEo Josbermgdvy-
WO BoDYoMEMmA0O 3OHM 39U s LE3TsMmOLOE Fogd@osbo o-
509¢0 3030 2-0l 3ol dgboddbgars.

99b3960396GHMwo X3MBol bmOIsemMo mbol J3gxamndo
LEAHIBIOGHMWO 339001 M9:5000 QoaMdges STZ-ol Moz K-
50 B0 EMBYdom 0bgjgool d99wgyss (30 /3y, mOX IO
0bgdsos 1 330600560 0b@gM3zswom). Lolbdo arwy3mbol M-
Bob goblobgMs 2obbm®mEogw®s aw3magB©moL Lodmowgdoom
(Optium Xceed (Abboutt, CSHA)). STZ-ob 306390 0bgdzoo©sb
mmbo 330600L 9909, Y39ws 30OMoy35L LolbEo F560L>BOIM
MBIME )3 Dolb EM™bg. 300533900 MHBIME AEM3MBOL Toh-
396900 >14 30me/, 80Bbgmer 0dbs odMosbo osdg@EHo GHodo
2-0l 9gmbg. bmMdsewmemo fmbol ddmbg 9du39Mm0dgb@ o xyv)-
3oL 30009339030, OMIWIBLsE »YHIME AEM3MBOL Mby swo-
608bs >14 99m/@-By, 2993MdJwIM LBEHIbIOGHMWO 33900,
3390000 ©o6MgdMwgdom 20 3x/3y (5% 3bodo, 52% bsbdomfywrg-
00. 20% goy).

439w 30005335 Md0olol 03569 396G 0E 59300l 9Ju39m0dg-
b@wo d0mdgoEobol 396G®0sb Fogzsbow odbs {gow@dmls
1593MOBsEM O LsMYodOOEBSE0M  dobgmemaon®  (396@®3o
(050BgMEGLMEOEO FyoGHmdm).
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99L3960396GH M X3MROL 30OMsE3900 IMMogLbYb ys-
WEOML dobgmomo Fywob bombsdo, Losg Rom@osMom Go-

©Mmbols 99933390 igoe@GHmdmb dobgeowmMo figamom 0b3swsgos.
Pyols $98396mo@wcms oym 36 °C, 3$9b6056mds 90%, Gosmbols 3mb-
395®®s30s 37 Bq/m3.

3b™39ms BogmbGHmmmwm xamao dmmogbs 00539 306Mm-
099d0, 353659 ysedo MoMmbol 3mb3gbEHMogool go®qdy. sOEgM™
3b™39wL 9J4u39MH09bEH™o XAMB0D (N=33) 56 Lo3MbEHMME™
X3B0©6 (n=11) 56 3Jmbos oBogMMo gbgds Jobgeo® figs-
Wb, obobo dbmem© fywol mOmJwol 0b3swsiEosl 99399gds-
90m©b9b. 06355305 bgdms 3b30M0m, 7-10 ool gobdsgerm-
0500, Mo 9OHObI, Boseo 3H9b0sbMmdOL 306MHMdYdT0 (osberm-
900 90%). 9db3gH0dxvGIR XvIBOL Y39 J3IX¥IBI0 3039
dools 35000 30RMYOOL 2odm, 0b3ssE00l Mool MomMmEabmds
390565 10 ©Ydy. 0635¢s300l MM 3OOl 9999 30MHMs-
33900 3mm53L90E 0465 303500490 S PoFIRMIILPID 33900
©g030 YE3ILI@ ©> J0gfirEIdMELm figowo LGHBIOGIWs.
99b3960396@GMo XFMBOL S LogMbEGHMMWM XamB3oL 30OHMoY3g-
00 §95EHdMmsb BsdMmyzs600 0gdbs Mmdowolido, 03569 0960 ESIZ30-
ol Lobgemdols 9gu3g@0dgb@E e domdgoEobol 3963 M0, Lyss
30601593930l BLOLbEIOL 5b5¢P0BO Bo@ oo 0b35¢s300@sb 5 s 10
©eob 899@gy. 3 3MboL @by Fgdnfjdgdgwo ogm gergddOm-
Jo8owmo 3900MEOm, 3MOEIGHWO w03 dgB®mol godmygbgdoom
(Optium Xceed (Abboutt, CSHA)).

309woboll mbgy d90mfdgdmmo ogm Rat Desacyl Ghrelin
(dGHRL) ELISA 6536900 g59mygbgdoo.
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53 999b9ds 330930l Igmcg 9B3L, OMYMOE 339 500b0Tbs
ob BoBoM©s 5005005670%BDg. 33e93580 B 0dbs 30 3060 bo3-
30930 X3B06 dE2-00 9bM3IM0bmEmaool gemgbmwo ob-
LAHOGMEOL 35H06 s 10 Xs6IGMMYE0 IMboEolg LyzMbEGOME™
X 3B06. gbfogeroo 0dbs 9990 X aB9gd0: 10 xs6dGmgwo
L53MBGOMMM X3R0S (5 85853530 S 5 Joero; Lbgmeol dsbiols
Lodmom 0bgdbo (BMI)-22,7 + 0,4 32/02); 10 35309630 d@GH2-00m
@5 bm®dsem®o fmboo sb6/s F96d0 fmboom (3 3530 s 7 Jowo;
BMI 24,9 + 1,9 33/8%); 10 3530960 90@2-000 s I baolbol bod-
b9d60m (5 85853530 o 5 Jogro; BMI-32.9 + 1.2 3/9%); 05 10 35309-
60 93 2-0m ©s I bsmolbol Lodbwydboom (4 35353530 s 6 Jowo;
BMI-36,9 + 1,8 32/02%). ©05093056 353096390L dcmMob yzgws odgym-
%90MES OYGHMMIM3300L M970dDY, 19O 56K 0TMO-
5 (3 %96 3306500 1 Lo-0b 456053 ™d5d0) s I9035396EHMBMMO
9399665 MdOL 379OLO MEHSMEIOMEOIM MOIEMOO SbE030396My0-
39909960 Lo gdgdom. 439 1Id09JGHO 0Ym 3€00b03MMSE Lo~
000 d9xBsLYdIOL OML s 96 3JMmbsm OsRBMLEH0MYdMWO
313F-bsfie0sg0l BHMod@ol Gmdgerodyg 935090 5b g1bjgowm®o s-
03939, 90 509603690Mm©om 3obgdloEmo dyMIsMgmds 459m(394)-
o 5300900560 Lodbogbom, slgzg 96 50b0TbxdMPIM BoMOLYd-
60 X0M33Wol 553500905, V3030l 5350YdS b Mv0dg GHodob
063399430960 ©53509gds. 33193006 odmMoibzol 3G0E9M0mal
Dom0mop9bs 06330l obgmbdios (eGFr < 90 de/{jor/1.7302)

5 3-bolberds®mzms Lol gdol (3939 o935070ds.
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36GmEGHM3MEgdo

Lobbwo gacmmzs owom, 08:00 Lssmby ®sdol ddogeo
0639603500l 890093. 3esHdsdo o3mHBomYdMmo 3gdmawm-
0060l (HbAlc) @mbg s 030060 33ws oBmdoo yobmdow
0gbs BioSystems ABL 80 FLEX, BIO-RAD, HUMAN 56b5c00o®%s@m&mols
39dmyqbgodom.

309wo0boll mby 999mds ssdosbol aMgarobols ELISA bs-
36900l godmygbgdom, MmIgwog sxdbgdmwos bybwogobols gg-
0996396 535390090 03bM-bMMdGBEGHWMWO sbserobol &9d-
Bmy0oHg s Mom©gbmdM0350 obLEBOZMZL 5sT0sbol gMg-
©o0bl IH5BHT0 s 3eoBdsdo.

bEs@GoLEH03MM0 365 0oDYdo

9mb5(390005 XMBJO0 F9oM9do 0465 ANOVA @qliGol go-
dmygbgdom. 0.05-bg bsgargdo P 3603369c0mds Bosmzwrowwo ogm L@s-

AobE03MMs 36093690 m3z565¢.
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3®9wobol MmomgbmdMogo 33woggdgdo
LGH®Y3GHMdnGm30bom 0bMao®gdmeo
950560 0sdgBHo BHo3do 2-0b Igmby
9Jb3960896O 9@ gbm3zgwddo

50b0dbmo 33e930L OOML AMgEobol ™Mby gobloBO3GME
0g65 94396008963 0L sLLHYoLTo s LEGHMY3EGHMbMEGHME0boL 0bgdso-
900L 99909 33 HBoL MbY FoBMIowo 0dbs Fbmmwm BEHMY3-
AMBMEGHME0b0L 069J3g00l 9999y.

309wo0boll mby MBOM Fopswo ogm bm@Isermemo [mbols
3060159399330, LodLw)dbol s FoMmBO Hmbol 30O L3970 b Fgsyg-
dom (3bGowo N6).

gb®oo N7. 40m9obol Hom@gbmd®o30 (33¢00wqdgdo (by/dwn) bbgs-
©sLbgs Hmbol brmMImye03gdool ddmby 30005339000 @S M-
@obol ©5mgbmd©m030 33wowgdgdo (by/dww) LEBHMY3GHMbM-
AME0bol sds0, IM535¢XRIMOO MDBom 0bME30MgdMwo
359600560 058930 3030 2-0b dJmbg 306339080

3609w obol momgbmdMogzo 33eomgdgdo (63/de) Lbgsslibgs ffmbol
6mGImyo3gdool 9Jmbg 30O sy39d80 — 3mbEHGMmmo

bodbeyg6g 20.25 + 1.5936
35600 Fmbo 25.51 + 0.8905
BerBoce®o Geabs 31.05 + 0.9933

Lo3mbEHOME™ 31.58 +0.8471
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309o0bob MsmEgbmdMhogzo 33 owgdgdo (by/dw) LEGHMI3GHMBMGME0boL
©3d3¢0, M35 R IN5©0 PMDo® 06N 30MHIdMmOo B5dM0560 OsdYGHO
3030 2-0b 3gmbg 30GMsy390d0

Lodbwdby 28.05 +1.026
39600 jbo 35.33 +1.3123
Bn®dscrmo fmbs 455 + 1.4636
Lo3mbEOmME™ 31.58 +0.8471

99b39600096¢ M@ x3MBdo, LEGHMISGHMDBMGHME0bOL FMSZ5wNg-
900, 050 MHBYdom 0bgdizool (30 dp/3y — mx M) 9009y
3690oboll Embg 3OHM3MOEF0MWIE J90BIMES LsTozg XdMBdo.
(3bMoEo N6, 0s36Msds N1).

©053M535 N1. g6MHgobol GomgbmdM030 (330 gdgd0 (bg/dww)
LBEGHMI3GHMDBMEHME0BOL B0, IMSZ5¢R JMISPO M D00 0bV)-
30690990 85dMH0sb0 0sdgEH0 BH030 2-0b dJmbg 3005837030

45,5
31,6
35,3
I 28,1 |

IIT bodbydby II 356d0 fmbs [ 6063ocmco bo3mb@MHmem
fabo XoIB0

B 3M90bol Momgbmd®ogo 33eomgdgdo (63/dw) bbgswalibgs fmbol ben®dmywozgdo-
ob 3gmby goMmey39030

309060l MocbmdMOZ0 (33e0wgdgdo (B/dww) LBHMI3EHMDBMEMEOBOL B0, IMZS-

WX IMEO EMBOm 06EE0MYOLIE0 FodM0560 0dYGHO BH030 2-0b IJmbg 30MMs39030
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99b3960896GH™ME X3MRBdo, LEMI3GHMBMEGHME0bOL IMSZ5KR -
50 V0 EMHYd0m 0699300L F9dcg (30 Tp/33 — MOXIM) FbM-
390ms 159039 J39x3MNRBI0 FodMH0sbo OsdYEO G030 2-0m (FBOOO
N7) 393mB0ob ombg Macmm dsmswo ogm dbwydsb 3060339000 Fo-
©0(Mb0sb0 s bmE®TsemHo fmbol 3060593900056 gscmgdom.

gb®oo N8. a)3mbol mby 30005939830 LEHY3GHMDBMEHME0bOL
3M935¢OX JMIQOO0 VIO EMDBYd0m 0bgJ300L 9999y (30 T/ 32

— 0OXIO)
du3Hodgbd o X380
-bG®33GHMdnGM30bol
96535 R JM30, VSO Logmb@Omerm
©Mbgdoo (30 3y/30 — X080
®mOX M) 0byagomgdmymwo
35d60560 ©0sdgE0 GH0302
Lodbmdbg 18.84 + 0.36™ 493 +£0.36
Fo600 fmbo 17.84 + 0.3 493 +0.36
Ba®doem@o Hmbs 15.65 + 0.43* 493 +0.36

99b3960396@G0L LYoo 30MMoy390d0 FEGH2-0b Foc9dY,
3M9woboll mbg MRGM oseo ogm bm®dscm®o fmbol djmby
30605339930, 300009 LOALIBo® S FoMBO fmbom, MMIEs BEGHGMIS3-
AMBMEHME0bol 0bgdzool 999gy (30 Tp/3y — mOXIO), aGgErobols
©MbY 450DMS 3OIM3MO30vo© b5T039 X yIBA0.

OmymO3 ogo 330939006 36Mmdowo0s, FoBommmyowme®
306Hmd9ddo 3Mm9gwobo s139MHbgdL 0bLobol LY3MgE0sL. wE?2-
ol EOML y39ws XyMBIo 3OHM3MOE0MEs© 0953 90L aMgeobol
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©Mbg. Iglodsdobo, JogdMmosbo ©0sdgBHOL OHML AMgeobol m-
Bob do390s 300093 MBOM 53300901 9bMAI6OHO 0Bl obol Ly-
36093056, M55 003936 a)3mBOL MboL o@Hgdsl s 9sGgLYdL
©5535009d0L 59Mbo35l. 50b0dbwo 33930l 89920 SILEY)-

690 3M90bol sdNMYMB39w 939GV 0bLYYEobob bg3MgE0sbY
d@2-0b EOMU.
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©535W0 @MBom GsEmbmmgMsdool
b99353™9bs Mg obol s e 3mBol Embyby
LEGH®I3GHMbmEGHMm30bom 0bMEoMgdmmo
95d®0560 osdgHo BH0302-0L dJmby
9363960896 gbmgzgwgddo

9939600396 0L sLsFYoLdo Mgwobols mby MRGO® Boswswo
0y® bon®doem®o fmbol 300 mey39ddo Lodbydboms s FoMmdo fim-
Bols dJmby 306005390056 T9MIGd0m (O0sAGMsds N2, 3bGogro N8).

99b3960396@G M xR0, LBEHMI3GHMDBMEGME0boL 0bgdiool IGs-
39X IMSPOO 050 MBIoolL (30 /3y — MmOXIO) 99909y 469~
©@o0boll Mby 3OM3MOE0MMOE 250DoMs Bodogzg x3MBTo (oo-
3M50s N1, gbGogro N8).

gb®oo NI. Hsmbols 0b3sesi300l Bgdmddggds yMgerobols m-
69%g (63/3) LEAHOI3GHMDMEHMEOBOL VOO, FMOZITRIOSIO
@MBom 06306090 Fogd@0sbo 0sdgGHO G030 2-0l dJmby
306005939030

3609w o0bol HomgbmdMmogzo 33eomgdgdo (63/dw) Lbgsslibgs ffmbol
6mGImyo3gdool dJmbg 3oHmsy39d80

I X080 I x3030 [ X030

(Lodbwydbg) (F5600 fmbo) (6mOH3sMo Febo)

20.25 + 1.59 25.51 + 0.89 31.05 + 0.99
P<0,001 P<0,001 P<0,001
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309o0bob MsmEgbmdMhogzo 33 owgdgdo (by/dw) LEGHMI3GHMBMGME0boL
5050, 305350 X JMH300 EMBom 06 ME0MIdMEo FsgMosbo osdgBHo
030 2-0b 9gmbg 30O s9390d0

I xa3m80 I %3030 I xans0

(Lodbmdby) (F560d0 fmbs) (B®3oM0 Hmbo)

28.05 + 1.03 35.33 + 1.31 455 + 1.46
P<0,001 P<0,001 P<0,001

©50mbol  063semszo0l  Bgdmddggds aMgmobol ©mbybg (ba/dew)
LEHMI3GHMBOGHMEF060L 50, IH535¢RIJNI©VO MBo® 0brMzoMgdyy-
@0 350560 ©0sdgE0 G030 2-0b IJmbg 30HMs339d30

I X380 I x0380 [ X030
(Lodbwydby) (35600 fmbo) (6mOA>Mo febo)
31.24 + 1.14 30.69 + 0.87 30.88 + 0.75

395330605, O™ FyoeGHmdml JobgmoMo ffywoo Gombols
063553060 19M5300L 9999, 3Mgobols mbols bm®mIswoby-
05 ©@3g0dboOEs Y39ws J39xX3VB0 ©d Lbgyerol 5sblbgsggdywo
Pmbols dombgogs, ©MBY9d0 0gm osbEMgdom 03039 s 5056
B Lo3MbEHOME™ X M30L Fob39690¢ 906 (05> N3).

994b3960396@ M X3M5d0, LAEHOYSGHMBMEGHME0bOL IMsg5KR -
90, 00 MHYd0m 069300l T9dgy (30 Tp/33 — mOXIO)
3W3mBoL MbY MROM Jomowo oym bvdob 3000539030 Fo-
0fmb0sb s bmMIseMo mbols IJmbg 300053390006 FgsMg-
d0m. 23MHBOL ©MbY A53MBBHOMM©S Mombom 0b63sesizool
89-5-9 ©> 99-10-9 gL (gb®owo N9I). 9Ju3godgbdw X3IBOL
939 J39X60B30 @ 3mBoL @®bY Jgdgoms OMEmOE, Gs@®bol
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063553000056 5 OOl 9999y 5939 MoE®bol 0b3ses300©sb 10
oL 99000953 (05005 N3).

00530535 N2. Gombols 0b63sersgool Bgdmddggds yMguwobols om-
Bg%y (6/0¢) LEHMISGHMDMEHME0bOL WO, FMSZSWKRJOSO
©MBom 06030690990 FodMH0sbo osdgGO G030 2-0l dmby

306005439030
31,6
lj : l
III bodbvydbg 1T 356400 fmbo I 6®dorm®o bo3mbEGHOMMm
fjebos X080

B 3M90bol G3mEgbmd®ozo 33eowgdgdo (by/dw) LEHMmI3GHMbmEHME0B0L ©sds-
@0, IM535¢X M0 MBom 0bEYE0MIdMWo BogMosbo ©osdgBHO GHodo 2-ob
9dJmbg 30MHmsy390d0
50mbol 0635¢05300L Bgdmddggds aMgwobol Embybyg (by/dw) biymg3GHmBm-
AHmE0bol B0, FMOZ5XRIMSWVO EMBOM 06EY30MHYIMEO 50560 OsdY-
&0 $030 2-0ls IJmbg 30HMsy39030

gbdomo N10. Hsombol 0b3seozool Bgdmddggds yaryzmbol
©®bybY

Mombol Mombom Mombom i
0B63sgmo- 0B63o@ogos  0b63sems30s gim?ig)g)go
(3029 V 09 X g
X330 111 " . .
(odb60) 18.84 +0.36* 16.32 +0.65* 11.4+0.73 4.93 +0.36
X030 11 " . "
(3560 §eabo) 17.84+0.3 15.72+0.9 9.76 + 0.83 4.93 +0.36
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Xo0380 1
(60Gdsem@o 15.65 + 0.43* 1434 +0.61* 953 +0.62*  4.93+0.36

fmbo)

P < 0,001

©053®535 N3. 20093mbol mbol 33000 gds Mombom 0b3sersgo-
5009 @ 0655300056 10 wgdo

/. 11,4
9'5 _— 9,8
4,9
Lo3mbGHGMEM I xam80 II xamxs0 111 x50
XJMBO (6a®3s5eyMo ebs) (356030 fmbo) (Lodbvydby)

=0 H5Mmbom 063530500y
=0 4m390OO0YMO© MH3MbOL 0635o30sb 10 mol d9dwyy

99b3960396G o XMBOL 30OMR390Msb Lolbwdo yewmzm-
bol ©MbY go3mbGHMHMEs 5 s 10 E0sbo 0b3swsiool 9999y

565090 0635053000056 3 30l 90953, M35 983965 e 3mboL
bEOBOEMMOIE 9J39009dY0 M™Y.

0950@GHdmb dobgMsemMo Fywol Mombom 0b3swsizool mg-
65300l 990093, 2M9obol ®bol bm®Tsobgds oxodloMs
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9db3960dPOV J3IXBIBOL Y39 39X IBI0 J0YbIRIZIE Bo-
Bubg5390M@0 fmbols s MomMJdol MEHMEEIdMES BOIMBEBHMMEM
X3MBOL 30MMoa3900L ob39690gdl. 9Ju39M0d96EGH M X awmxdo
369@0bols E™bols bm®Tse0BYdsl Mb sbers yaro3zgdool bea®ds-
©woHgds (byGomo N3).

@2 (om0moygbl 3w GHORsIGHMOME F9EIOMEIOHO -
535Q0905L, MHMIGEoE Podmf39wos OMmAMO3 3969G03M00, S1939
5653969303700 2500 BodBHMMO0m. EILEOIMI0® (36MmdO-
@05, ®MI 55350JO0L 3500MQ9b9B0 IMoEsgL 56> FbmEme 356369-
SLobL B39 MYxMIIOOL Jogd 0bLbyEobol Lyzmggool dd30MYdsL,
565990 809 M0y I9GOdMEMEM IM39390L. dG2-0ob IJmbg 3o-
49030 doeHBg 96033690 ™35605 LOALJbo Fodmfz9Eo o3M-
AMJLoMOMBOL SIMBHIMS, B3 30M39gl Yymzwobs doowggs
Pmbols 3ewgdom, dmy3056900m 30 gl 3603369 M3bs 5mX MdJLYdL
©05093H0L d9gaL s Byl Mfigmdl JEH2-0msb 3530060 9d)o
bbgo05Lbgs 290 gd900L 153096 S30egdSL.

dobo mM94LogygbMo, 503MYg6MHO S OsdYGHIOHO dmddg-
©900L godm, aMgobo obs JodBozgwo LsdoBby Lodlwdbols
@5 900@2-0b Lod3MbsEM.

33930l Jobsbl [omdmoygbws d@2-ob ddmbg gdudgcmody-
b  3bmggwgddo aMgmobol  Homgbmdmoz0  (33w0EgdOL
5905 LO3MBBHOMM™M XamnmMsb gsmgdom s {yow@GHmdmb
d0b9Mom@mo  fywolb gs9mygbgdom ®ombols doswbgmmgMadools

98399BHOL dglfogers 3MgEobols s a3mBol dgEedmeobIby.
994b3960d96@0L sLLYyoldo, bmdogd®gddo FGH2-0L FoMmgdg ac9-
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©@o0bols mbg MBO™ Joowo oym bm®dsem®o mbols dgdmbgggzsdo,
Lodbwydbgls o FoMd Fmbsbmsb FgsMgdom. LEGHMI3GHMDMGHMEO-
Bol 365350 x M5O, BSWO MHBYdom 069300l (30 Tp/33- M-
X96) 999009 3690bol Mby 3OM3MOEF0MWI Fo0DIMEs Y39
939X 3K880. dmem 390H0mEdo Bs@o®mgdrmo Moo 339390006
36mdoE0s, MM AM9gEobo 939Mbgdl 0bLEobol bg3Mgzosl s 0d
LOG¥930530, HMEILsE EG2-0b OML OLYWIE WIJ39J0MIOIIOS
MO560Hdol IgMdbmdgemds 0blmeobolodo 96 syoo 593
0bLMEobMHgBOLEHIBEHMBL, Mgeobols mbg 0BOMHYds LogmbEMm-
WM XAMNRMSD 890056090000 I35 33OM3MOEF00S FMbolimab
908500090530. dE2-0b EOML gJu3gM0dxbE e sbmgwgddo yMg-
©0bol 25DMHowo mbg Logs®omme 5930M7dL 9bMA9bm@Oo 0b-
be0bol 9539dGOMBIL, M3 33EIZ0 OIILEHYIM©, 9Ju3gMH0dg-

B X31x8do 3Mgewobols mbol J5@Hgdsl b sbers yar3mbol
@Mbols IMIo@Hq0s. {Yoe@Hdml dobgGmsww@mo fywol Msmboom 0b-

305300l 8990099, LoLlbEEdo A 3MmBOL EMbol Be®mdserobsgosl
056 b M geobols Embols bm®Tse0Bgds MHMIGE0E orgmobo-
06 LOIMGHOMEM XyMBol oB396909wL s sLs60TBsZ05, B:MT
3WY30DoL 539000900 MY F965MBMbS Msmbom 0b3sws-
3OO0 M9MH5300L ILEOWWGd0ED 3 M30L Q56353 MdsTo.
506050, 3319308 dobgz0m G 2-0b s Lodbvdbol MU,
0603935 3M9goboll bm®dsrmMo 93Mg30s, Mog LOZ9MOMOME
0530L dbO0g MY MbogL 9bMmaqbmE® 0Bl obol 9539d@EHwmO™MdSL,

MOMYMBoMs© dmgdggdl gem3mbol 39@odmeobdby s byl
MHgmdL 30396 039d00L 296300560 gdsl. MombmmgMadools 9g-
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9093 994b396096GHM 3bM39wgddo G 2-0m Mgobol Mmbol

3905650695 439 39X 2IRT0 LO3MBBHOMEM X yMBoL AM9gobol
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Problem significance

Work significance, its goal and objectives

Diabetes mellitus type 2 is a group of diseases with metabolism im-
pairment, characterized with chronic hyperglycemia, frequently called
as “non-insulin-dependent diabetes mellitus” or “adult-onset diabetes”.
90-85% cases of diabetes mellitus falls on it. T2DM includes relative

insulin deficiency and peripheral insulin resistance.

There are various causes of T2DM development, though specific
etiological factors are unknown. In this case, unlike type 1 diabetes,
no rapid autoimmune destruction of beta-cells takes place. It should be
noted that most of the patients with T2DM have overweight or obesity.
In addition, it is regarded that overweight, as such, causes insulin re-
sistance of certain severity. Patients without overweight, according to
the conventional weight criteria, can have increased percent body fat,

mostly distributed in abdominal area.

T2DM frequently progresses without clinical disease for many
years, due to gradual increase of hyperglycemia, at the early stages of
disease, the patient can miss the classical symptoms characteristic for
diabetes mellitus. Against the background of the disease without symp-
toms for many years, micro and macro-vessel complications can develop
so that at a time of T2DM diagnosis, the patient had advanced complica-

tions, frequently in irreversible form.
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T2DM development risk increases with age, obesity, tobacco con-
sumption and lack of physical activity. It develops in individuals of
both sexes, with diagnosed arterial hypertension and/or dyslipidemia.
Its occurrence is high in females with gestation diabetes mellitus (GDM)
history. T2DM is frequently related to genetic predisposition (family

history, presence of disease in first-degree relatives).

Regarding etiological factors, causes of hyperglycemia in case of
T2DM can include both, reduced secretion of insulin and increased
blood glucose, against the background of impaired sensitivity to insu-
lin. Though, it should be noted that in addition to insulin secretion and
“absorption” disorders, T2DM pathogenesis can involve increased lipol-
ysis, increased glucagon secretion and liver glucose hyper-production,
neurotransmitters function impairment, increased renal glucose re-ab-
sorption, impaired glucose absorption by muscular tissues, as well as

impaired incretins effect (Defronzo T.A.), see scheme 1.

Most of the above pathogenesis mechanisms were discovered dur-
ing the last decades. Though, as many issues still require research and
better specification, the process of new pathological chains of T2DM
continues extensively. This can be evidenced by great number of works
dealing with T2DM (according to Google Scholar data, for the last dec-

ade their number reaches several hundred per year).

And increasing statistics make the research process even more sig-
nificant. According to the data of 2017, prevalence of diabetes mellitus
type 2 was only 8.1% of world population, according to World Health
Organization data, growth of this figure to 9.4% is expected by 2045. It
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should be also mentioned that 40.6% of cases is not diagnosed and in

30.8% of mortality in individuals over 60 the cause is T2DM.

Scheme N1. Pathogenesis of diabetes mellitus
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Discovery of various pathogenesis elements of T2DM allowed the
medicine to identify the new anti-diabetes classes that, unlike already
available anti-diabetic medications, are characterized with more gentle
mechanisms and milder hypoglycemic effect. It should be added also
that combined anti-hyperglycemic pharmacotherapy affecting simul-
taneously on pathogenesis elements allows more effective glycaemia

management, against the background of lower risk of hyperglycemia.

One of the new targets in pathogenesis of type 2 diabetes mellitus
is ghrelin molecule, isolated from the rat gaster in 1999 and its receptor

was identified.
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About 60-70% of ghrelin circulating in blood is generated in gaster,
most part of the remained quantity — in the small intestine and only small
part thereof beyond the gastrointestinal tract — in hypothalamus, hypoph-
ysis, lungs, adrenal cortex, kidneys, bones, intestines, pancreatic islet cells.
This is particularly interesting, regarding the role of ghrelin in pathogen-

esis of diabetes. Ghrelin secretion was confirmed in the placenta as well.

Ghrelin is an orexigenic peptide, stimulating appetite and causing
freeing of the growth hormone. Based on the number of studies, ghre-
lin, supposedly, has a wide range of physiological functions, including
appetite regulation, effect in the metabolism processes, cardiovascular
system function, bones formation, digestion process, neurogenesis and
myogenesis. Balance between its secretion and decay determines ghre-

lin levels circulating in blood.

Since 2000, number of researchers offered that ghrelin could signif-
icantly affect glucose homeostasis and function of pancreatic beta-cells.
While numerous studies were conducted, non-uniformity of the ob-
tained data attracts particular attention. For example, Tong et al., 2010,
based on study on experimental animals offered that ghrelin causes re-
duction of insulin secretion by glucose-dependent wat while adminis-
tration of ghrelin antagonists in the rat improves function of beta-cells.
Consequently, certain group of researchers regard that one of the causes
of hyperinsulinemia developed in T2DM is reduction of ghrelin level.
Though, there were also conducted the studies, showing that ghrelin
affects insulin secretion irrespective of glucose level, in particular, sup-
presses its secretion giving rise to questions about hyperinsulinemia in

type 2 diabetes mellitus.
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Hence, we regarded that it would be reasonable to study changes of
ghrelin levels with the purpose of identification of possible correlations
with metabolic markers in diabetes mellitus cases. Primarily, the re-
search intended to create experimental model as close to T2DM as pos-
sible, where ghrelin level variations would be measured in relation with
changes of glucose levels. We were interested to find out the differences
between ghrelin levels in T2DM, compared with healthy population
and impact of glucose variation on ghrelin level. For this purpose, we
have selected therapy with small doses of radon available in the territo-

ry of Georgia, in mineral waters.

Currently, therapy with small doses of radon is extensively used
in researches on experimental animals. It is regarded as highly effective
antioxidant removing oxidation stress at a time of T2DM and positively

affecting glycaemia severity and complications of T2DM.

We share the view that ghrelin, being orexigenic hormone, re-
ceptors of which were found in pancreatic beta-cells of can affect the
process of insulin secretion and hence, actively participate in glucose
metabolism. In addition, we suppose that confirmation of the above can

create new significant target for pathogenesis treatment of T2DM.

Research goal

Research goal was studying of ghrelin secretion characteristics in
cases of diabetes mellitus type 2 and identification of its correlation with

metabolism markers and glycaemia normalization.
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Research objectives

Development of T2DM experimental model as close to T2DM as
possible, and for this, we have selected two injections of 30 mg

streptozotocin in combination with specific diet therapy.

Measurement of ghrelin and glucose levels in the experimental
models in cases of obesity and T2DM and comparison with the

control group.

Study of Tskaltubo mineral water radon inhalation effect on gly-

caemia and ghrelin levels.

Verification of identity / similarity of the obtained results with

the results of studies of human individuals with T2DM.

Scientific novelty

Reduction of ghrelin levels in cases of overweight and obesity
and increase of its concentrations in experimental models with
STZ-induced T2DM experimental models,

Negative correlation of ghrelin level with hyperglycemia severi-
ty in experimental animals with two low doses of streptozotocin
(two 30 mg/kg doses).

Positive effect of radon therapy with Tskaltubo mineral waters
on glycaemia and ghrelin levels in all subgroups of experimental
group.

Identification of correlation between ghrelin secretion changes
and such metabolic markers of T2DM as: total cholesterol, gly-
cosylated hemoglobin, body weight index and high density lipo-

protein in individuals with diabetes mellitus type 2.
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We were first to use in experimental models for ghrelin research,
the modification of models combining two streptiziticcin injec-
tions and specific diet. Advantage of such model, compared with
the other diabetes models for ghrelin research was evidenced by

obtaining of similar results in human individuals with T2DM.

Obtaining of identical results in human individuals with T2DM
with the results in experimental animals makes our research dif-
ferent from the results of the other researchers, in addition, ad-
equacy of our results is confirmed by the clinical researches as

well, while no other authors have mentioned this.

Practical value

As a result of conducted studies, we have found out correlation
of ghrelin quantitative indicators with metabolic disturbances
characteristic for T2DM and hence, ghrelin could be considered
as the promising non-invasive marker for forecasting of diabetes

mellitus and significant target in the process of T2DM treatment.

Inhalation therapy of the experimental animals with T2DM
with radon in Tskaltubo mineral water existing in the territory
of Georgia showed quite significant anti-hyperglycemic effect
and ghrelin level normalization. Hence, the mentioned natural
resource could be regarded as supplementary remedy for T2DM

treatment.



Key statements for defense

e Experimental model protocol for ghrelin quantitative study in
T2DM must include two injections of 30 mg/kg streptozotocin in
combination with the specific diet.

e In case of obesity, ghrelin secretion is reduced, though, after
T2DM induction it tends to grow and this correlates negatively
with the glucose level.

e Radon therapy with Tskaltubo mineral water reduces hypergly-
cemia and normalizes ghrelin levels.

e Adequacy of the obtained experimental results is confirmed by

identical results of clinical studies of the human individuals.
Publications
3 scientific works about the dissertation theme were published,
among them, 1 in the internationally circulating magazine.

Dissertation volume and structure

Dissertation work includes 111 typed pages. It consists of the fol-
lowing chapters: Introduction, Literature overview, Research materials
and methods, Our researches, Discussion of the obtained results, Con-
clusions. Dissertation work is illustrated with 8 diagrams, 10 tables and

2 schemes. List of references includes 153 sources.
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Research materials and methods

Research was conducted in two stages. First stage was experimental
researches conducted on the rats and the second stage included clinical

studies on human individuals.

Experiment was conducted on male Wistar rats placed in stand-
ard polypropylene cages (three rates per cage), with 12-hour /12-hour
light/darkness cycles and at 22-25°C ambient temperature. T2DM was
induced based on Zhang et al. 2008 and Liu et al. 2013 method. Meth-
od was chosen due to the closest model to T2Dm pathogenesis and the
mentioned model has not been used for clinical trials to study ghrelin

in T2DM before.

Animals were divided into two groups: control (N=11) and experi-
mental (N=33) groups. Control group included the animals with normal

weight.

Rats in the control group and experimental group were fed with
the standard food with total energy value of 20 KJ/kg (5% fats, 52%
carbohydrates, 20% proteins) and certain number of experimental an-
imals received high fat diet (HFD) with total energetic value of 40 KJ/
kg (20%fats, 45% carbohydrates, 22% proteins). Both groups received
the mentioned diet for 8 weeks. In the beginning of week 4, the animals
of experimental group were distributed in three subgroups by weight,
normal weight group (group I), overweight group (group II) and obesity
group (group III). In the beginning of the experiment, ghrelin levels

were measured in all rats (control and experimental groups) using Rat
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Desacyl Ghrelin (dGHRL) ELISA set, based on sandwich enzyme-linked

immunosorbent assay technology.

For four weeks, the rats in experimental group received intraperi-
toneal injections (IP) of strepozotoccin (STZ). Each rat intraperitoneally
received multiple low doses of STZ (30 mg/kg IP, weekly for 2 weeks), re-
sulting I true hyperglycemia in rats with high fat diet very shortly. High
fat diet with multiple STZ low doses (two injections of 30 mg/kg doses
with one week interval) was regarded as maximally close to physiological

processes and sufficient for creation of type 2 diabetes mellitus model.

I normal weight subgroup of experimental group, standard diet was
continued after multiple low doses of STZ (injection of two 30 mg/kg dos-
es with 1 week interval). Measurement of blood glucose was provided by
glucometer (Optium Xceed Abboutt, CSHA)). In four weeks after the first
STZ injection, fasting blood glucose was measured in all rats. Rats with
fasting glucose levels of > 14 mmol/L were regarded as those with type 2
diabetes mellitus. For the rats of experimental group with normal weight
with fasting glucose levels >14 mmol/L standard diet was continued with

energy value of 20 KJ/kg (5% fats, 52% carbohydrates, 20% proteins).

All rats were moved from Ivane Beritashvili Experimental Biomed-
icine center to Tskaltubo Medical and Rehabilitation Balneology Center

(Balneoresort Tskaltubo).

Rats of experimental group were placed in Tskaltubo mineral water
sauna, where they received inhalation with radon containing Tskaltu-
bo mineral water. Water temperature was 36°C, humidity: 90%, radon

concentration: 37Bq/ma3.
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Control group of the animals was placed in similar conditions but
without radon concentration in the water. None of the animals, either
from the experimental group (n=33) or from the control group (m=11)
had any physical contact with mineral water, they were subject to vapor
inhalation only. Inhalation was provided via nose, for 7-10 minutes,
once per day, in the conditions of high humidity (about 90%). In all
subgroups of experimental group, due to high glycaemia, number of in-
halation days was increased to 10 days. After inhalation procedure, the
rats were placed in vivarium, with the same diet and standard water.
Animals of experimental group and control group were brought to Tbi-
lisi, Ivane Beritashvili Experimental Biomedicine Center, where blood
tests were conducted in 5 and 10 days after inhalation. Glucose levels
were measured by electrochemical method, using portable glucometer

(Optium Xceed (Abboutt, CSHA)).

Ghrelin levels were measured by means of Rat Desacyl Ghrelin

(dGHRL) ELISA set.

As for the second stage of research, as mentioned above, it was con-
ducted on human individuals. The research included 30 persons with
T2DM in research group, from the National Institute of Endocrinology
and 10 healthy volunteers in control group (5 males and 5 females; av-
erage body mass index (BMI) 22.7+0.4 kg/m?); 10 patients with T2DM
and normal weight and/or overweight (3 males and 7 females; BMI
24.9+1.9 kg/m?); 10 patients with T2DM and class I obesity (5 males and
5 females; BMI 32.9+ 1,2 kg/m?); and 10 patients with T2DM and class
IT obesity (4 males and 6 females; BMI 36.9+ 1.8 kg/m?). All patients
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with diabetes received dietetic therapy, exercised regularly (3 times per
week, for 1 hour) and they received treatment with oral anti-hypergly-
cemic medicines/ All subjects were clinically stable, at a time of evalu-
ation, they have not diagnosed any gastrointestinal tract disease or any
functional disorder or cachexia condition, caused by malignant tumor,
they also had no any thyroid or liver diseases, or any infectious diseases.
Criterion for exclusion from the study included renal dysfunction (eGFr

< 90ml/min/1.73m?) and acute cardiovascular diseases.

Protocols

Blood samples were collected in the morning, 08:00 AM, after
overnight fasting. Plasma glycated hemoglobin (HbAlc) and lipid me-
tabolism were measured by means of ABL 80 FLEX, BIO-RAD, HU-
MAN analyzer.

Ghrelin levels were measured with human ghrelin ELISA set,
based on sandwich enzyme-linked immunosorbent assay technology,
providing quantitative and qualitative measurement of serum and plas-

ma ghrelin in humans.

Statistical analysis

Data groups were compared using ANOVA test, P below 0.05 was

regarded as statistically significant.
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Ghrelin level (ng/ml) changes in experimental
animals with diabetes mellitus type 2,

induced by streptozotocin

In the mentioned study, ghrelin was measured in the outset and
after streptozotocin injections. Glucose was measured only after strep-

tozotocin injections.

Ghrelin levels were higher in the rats with normal weight, com-

pared with the ones with overweight and obesity (Table N6)

Table N7. Ghrelin Levels (pg/ml)

ghrelin level (ng/ml) changes in rats with different weights with
normoglycemia — control

Obesity 20.25 + 1.5936
Overweight 25.51 + 0.8905
Normal weight 31.05 + 0.9933
Control 31.58 + 0.8471

ghrelin level (ng/ml) changes in rats with type 2 diabetes mellitus induced
with low multiple doses of streptozotocin

Obesity 28.05 + 1.026
Overweight 35.33 + 1.3123
Normal weight 45.5 + 1.4636
Control 31.58 +0.8471
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In the experimental group, after multiple low dose streptozotocin
injections (30 mg/kg — twice), ghrelin levels increased proportionally in

all three groups (Table N7, Diagram N1)

Diagram N1. Ghrelin Level Cahnges before and after radon inhalation in
multiple low dose Streptozotocin induced (30 mg/kg- twice) Type 2
Diabetes rats

45,5
31,6
35,3
I 28,1 |

group III group II group I Control group
(Obesity) Overweight) (Normal weight)

M Ghrelin levels (pg/ml) before streptozotocin injection

Ghrelin level changes (pg/ml) in multiple low doze streptozotocin induced (30 mg/
kg — twice) T2DM rats.

In the experimental group, after multiple low dose streptozoticin
injections (30 mg/kg twice), in all three subgroups of animals with
T2DM (Table N8.), glucose levels were higher in obese ones, compared

with overweight and normal weight rats.
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Table N8. Glucose levels in rats after multiple low dose streptozotocin
injections (30 mg/kg — twice)

Experimental group
— multiple low dose
Streptozotocin induced Control group
(30 mg/kg — twice)
Type 2 Diabetes

Obesity 18.84 + 0.36™ 4.93 +0.36
Overweight 17.84 + 0.3** 4.93 +0.36
Normal weight 15.65 + 0.43* 4.93 +0.36

In the beginning of experiment, in rats without T2DM, ghrelin
levels were higher in the ones with normal weight, compared with the
ones with obesity and overweight, though after streptozoticin injec-
tions (30 mg/kg twice) ghrelin levels increased proportionally, in all

three groups.

From number of studies, it is known that in physiological conditions,
ghrelin delays insulin secretion. In case of T2DM, in all groups, ghrelin
levels increase proportionally. Hence, in case of diabetes mellitus,
increased ghrelin level further reduces insulin secretion, resulting in
increase of glucose level and making disease outcome worse. Results of
the mentioned study confirms suppressive effect of ghrelin on insulin

secretion in cases of T2DM.
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Impact of low dose radon therapy on ghrelin and
glucose levels in experimental animals with type 2

diabetes mellitus induced by streptozotocin

In the beginning of experiment, ghrelin level was higher in the
rats with normal weight, compared with the overweight and obese rats
(Diagram No: 2, Table No: 8). In the experimental group, after multiple
low dose streptozotocin injections (30 mg/kg — twice), ghrelin level in-

creased proportionally, in all three groups (Diagram N1, Table N8).

Table N9. Ghrelin Level Changes before and after radon inhalation in
multiple low doseStreptozotocin induced (30 mg/kg- twice) Type 2
Diabetes rats

Ghrelin level changes (ng/ml) in the normoglycemic rats of different weights

Group III Group II Group I

(Obesity) (Overweight) (normal weight)
20.25 + 1.59 25.51 +0.89 31.05 +0.99

P<0,001 P<0,001 P<0,001

Ghrelin level changes (ng/ml) in the rats with type 2 diabetes mellitus
induced by multiple low dose streptozotocin injections

Group III Group II Group I

(Obesity) (Overweight) (normal weight)
28.05 + 1.03 35.33 + 1.31 455 + 1.46

P<0,001 P<0,001 P<0,001
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Impact of radon inhalations on ghrelin levels (ng/ml) in the rats with type 2
diabetes mellitus induced by multiple low dose streptozotocin injections

Group III Group II Group I
(Obesity) (Overweight) (normal weight)
31.24+1.14 30.69 + 0.87 30.88 + 0.75

Surprisingly, after Tskaltubo mineral water radon inhalation ther-
apy, ghrelin level normalization was found in all subgroups and, irre-
spective of different body weights, the levels were approximately the

same and very close to those of the control group (Diagram N2).

Diagram N2. Ghrelin Level Cahnges before and after radon inhalation in
multiple low dose Streptozotocin induced (30 mg/kg- twice) Type 2

Diabetes rats

ghh 1

Il group (obese) Il group (overweight) 1 group (normal Control group
weight)

B Ghrelin level changes (pg/ml) in multiple low doze streptozotocin induced (30 mg/
kg — twice) T2DM rats.

Ghrelin level changes (pg/ml) in multiple low doze streptozotocin induced (30 mg/
kg — twice) T2DM rats after radon inhalation — 37 Bq/m?
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In the experimental group, after multiple low dose streptozotocin
injections (30 mg/kg — twice), glucose level was higher in the obese rats,
compared with the overweight and normal weight rats. Glucose levels

were controlled on 5" and 10" days after radon inhalations (Diagram N3).

Table N9. Glucose level Changes in multiple low dose Streptozotocin in-
duced (30 mg/kg- twice) Type 2 Diabetes rats T2DM rats, before and

after radon inhalation therapy

Before Radon Radon Control
Radon Inhalation Inhalation ‘z_ °
Inhalation Day -5 Day - 10 group
group 111 18.84 +0.36" | 16.32 +0.65™ 11.4+0.73*  4.93+0.36
(Obesity)
group I 17.84+03%  1572+09*  9.76+0.83"* @ 4.93+0.36
(overweight)
group I
(normal 15.65 + 0.43** | 14.34 + 0.61** | 9.53 + 0.62** 493 +0.36
weight)
**P<0,001

In the rats of experimental group, blood glucose levels were con-
trolled not only after 5 and 10-day inhalations but also in 3 months after

inhalation, showing stable reduced levels of glucose.

After Tskaltubo mineral water radon inhalation therapy, normaliza-
tion of ghrelin level was recorded in all subgroups of experimental group,
irrespective of different weights, and their values were almost equal to
those in the control group rats. In experimental group. Ghrelin level nor-

malization was accompanied with glycaemia normalization (Fig. No: 3).
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Diagram N3. glucose level Changes in multiple low dose Streptozotocin
induced (30 mg/kg — twice) Type 2 Diabetes rats T2DM rats, before
and 10 days after radon inhalation therapy

188
17,8

/

15,7

/. Lt

9'5 ——— 9,8

4,9

Control group I group II group III group
(normal weight) (overweight) (obese)

=@ Glucose levels (mmo/l) before Radon Inhalation in multiple low doze streptozotocin
induced (30 mg/kg — twice) T2DM rats

=@==Glucose levels (mmol/l) after radon Inhalation in multiple low doze streptozotocin
induced (30 mg/kg — twice) T2DM rats, Day — 10

T2DM is a multifactor metabolic disease, caused by both, genetic
and non-genetic external factors. Currently it is known that the disease
pathogenesis includes not only reduction of insulin secretion by pancre-
atic beta-cells but also whole set of metabolic disturbances. In individu-
als with T2DM, it is of great significance to eliminate lipotoxicity caused
by obesity, primarily achieved by weight loss and later this significantly
improves diabetes treatment outcomes and contributes to prevention of

various complications related to T2DM.
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Due to its orexigenic, adipogenous and diabetic effect, ghrelin be-

came an attractive target for treatment of T2DM.

Goal of the research was the measurement of ghrelin quantitative
changes in experimental animals with T2DM, compared with the con-
trol group and study of effect of radon balneotherapy with Tskaltubo
mineral water on ghrelin and glucose metabolism. In the beginning of
the experiment, in the subjects free of T2Dm, ghrelin level was higher
in case of normal weight, compared with obesity and overweight cases.
After multiple injections of low doses of streptozitoccin (30 mg/kg two
times), ghrelin levels proportionally increased in all subgroups. Number
of studies conducted in the recent period, showed that ghrelin delays
insulin secretion and in case of T2DM, the situation, where body sensi-
tivity to insulin is impaired, i.e., insulin resistance takes place, ghrelin
level increases, compared with the control group, but it is inversely pro-
portional to the weight. In cases of T2DM, in experimental animals, in-
creased ghrelin level, supposedly decreases effectiveness of endogenous
insulin and this was confirmed by the study, in experimental group,
ghrelin level increase was accompanied with increase of glucose level.
After Tskaltubo mineral water radon inhalation, blood glucose normal-
ization was accompanied with normalization of ghrelin level, to that of
the control group and it should be noted that reduced glucose level has

maintained for 3 months after completion of radon inhalation therapy.

Thus, according to the study, in case of T2Dm and obesity, normal
ghrelin secretion is disturbed, in turn suppressing effectiveness of en-

dogenous insulin, negatively affecting glucose metabolism and contrib-

65



uting to hyperglycemia development. Achieving of ghrelin levels of the
control group in the experimental animals with T2DM in all subgroups,
after radon therapy, accompanied with significant reduction of hyperg-
lycemia, shows not only significant role of ghrelin in T2DM pathogen-
esis but also offers that Tskaltubo mineral water should be regarded as
potential supplementary remedy in treatment of T2DM and obesity.
Results of the mentioned research stimulate us to further continue
research, to study more specific neurochemical mechanisms participat-
ing in radon therapy processes, positively affecting glucose and ghrelin

levels in T2DM cases and, hence, outcomes of T2DM.

66



Ghrelin level changes in humans with type 2

diabetes mellitus and obesity

Research intended to study plasma ghrelin concentrations in hu-
man individuals with T2DM and obesity and statistically significant cor-
relation between plasma ghrelin and such significant metabolic factors

as lipid metabolism, HbAlc and body weight index (BWI)

Results

As a result of research, there was found statistically significant neg-

ative correlation between plasma ghrelin and BWI (Diagram N4)

Diagram N4. Ghrelin level correlation with BMI
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In the research group, ghrelin level reduction was accompanied

increase of body weight index, compared with the control group.
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Statistically significant negative correlation was found between
ghrelin levels and HbAlc in the research group (Table 2). Increase of-
HbAlc level was accompanied with reduction of plasma ghrelin con-
centration. Though, surprisingly, in T2DM patients with normal weight
and overweight, ghrelin levels were higher, compared with the control

group (Diagram N5)

Diagram N5. Ghrelin level correlation with HbAlc.
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In all subgroups with T2DM, ghrelin level reduction was accompa-
nied with increase of total cholesterol, compared with the control group

(Diagram N6)
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Diagram N6. Ghrelin level correlation with Total Cholesterol level.
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Statistically significant positive correlation was found between
ghrelin level and HDL levels, in all subgroups with diabetes, compared

with the control group (Diagram N7).

Diagram N7. Ghrelin level correlation with HDL level.
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In case of T2DM, level of incretins, in particular, glucagon-like
peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide
(GIP) are frequently reduced. In case of T2DM, reduced ghrelin con-
centrations in the studied group can be related to the reduced levels of
GLP-1, as, according to several experimental studies, in rodents, fasting

ghrelin growth stimulates GLP-1 secretion.

According to experimental studies conducted on the rats, ghre-
lin can also participate in adoipogenesis and lipolysis in white adipose
tissue. Discovery of ghrelin negative correlation with total cholesterol
and its positive correlation with HDL shows significance of additional
studies to identify more specific biochemical mechanisms of ghrelin and

lipids metabolism.

In the mentioned study, blood growth hormone (GH) was not stud-
ied, but, supposedly, basal ghrelin concentration correlates with growth

hormone levels.

The above clinical study showed correlation between ghrelin and
glucose level in the patients with T2DM and obesity, in particular, gh-

relin level decreased with hyperglycemia increase.

Supposedly, ghrelin participates in many physiological processes
and it is regulated by several factors. Clarification of the mechanism
of ghrelin action in the future will ensure better therapeutic benefits
of ghrelin, ghrelin mimetics, inverse agonists and ghrelin antagonists.
Altogether, these results offers that possibly, there is a system in ghrelin
generating cells significantly impacting metabolic changes in cases of

T2DM and obesity.
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Research results and discussion

Primarily, the above research intended to create the experimental
model as close to T2DM as possible, allowing measurement of ghrelin
levels in relation with changes of glucose levels. We were interested
to find out how ghrelin levels changed in T2DM, compared with the
healthy population and how glucose level variations impacted ghrelin
levels. For this purpose, we have selected therapy with small doses of ra-
don present in natural mineral waters available in the territory of Geor-

gia, particularly, in Tskaltubo.

Due to orexigenic, possible adipogenous and diabetic effects con-
firmed by experimental and clinical researches, ghrelin is an attractive

target for treatment of obesity and T2DM.

Research goals included measurement of ghrelin level in the experi-
mental animals and studying of the impact of low dose radon therapy us-

ing Tskaltubo natural thermal waters on ghrelin and glucose metabolism.

In the beginning of research, before T2DM induction in the exper-
imental animals group, ghrelin level was higher in the rats with normal
weight, compared with the ones with overweight and obesity. Hence, at
the first stage of our research, there was assumed the view that ghrelin
level decreases in case of obesity, though interesting growth dynamics

was identified after induction of T2DM with STZ.

In the rats with normal weight, after T2DM induction, ghrelin lev-
el exceeded that of the rats in control group, while in rats with over-

weight and obesity, after induction of T2DM, ghrelin level decreased,
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compared with the control group but it was higher than that in case
of obesity. Mentioned increase can be of compensatory nature, devel-
oped after T2DM induction with STZ and this, once more, adds great
significance to research of the specific mechanism of ghrelin effect on

carbohydrate metabolism.

After inhalation with radon present in Tskaltubo mineral water,
normalization of blood glucose was accompanied with normalization
of ghrelin level. After radon therapy, ghrelin level in the experimental

group was found equal with that of control group.

It should be noted that reduced glucose levels maintained for 3

months. No ghrelin level measurements were conducted after 3 months.

Results of the mentioned research stimulate us to continue work to
study role of ghrelin in obesity and T2DM pathogenesis. It is significant
to identify the specific mechanism participating in the process of inha-
lation with radon in case of T2DM and positively affecting glucose and
ghrelin levels and hence, outcomes of diabetes mellitus type 2.

Thus, obtained results allow consideration of Tskaltubo mineral
water as potential supplementary remedy for the subjects with T2DM
and continue scientific researches to confirm the above.

Clinical studies on humans that we have conducted, showed that in
patients with T2DM and obesity, blood ghrelin concentration reduces

in inverse proportion with growth of body weight index.

Results of our clinical studies on humans confirmed that in exper-

imental group, change of plasma ghrelin in fasting condition correlates
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with percentage and total HbAlc changes. It was also found out that
fasting concentration of plasma ghrelin in the studied group correlates,
statistically reliably, with body weight index. Based on the results of
already conducted experimental studies, there is an offer that insulin
can affect ghrelin secretion in plasma, independently from glucose level
and as hyperinsulinemia is characteristic in cases of T2DM and obesi-
ty, this is the proposed cause of fasting ghrelin level reduction in the
studied group. Though, there is still significant and requires to conduct
number of additional studies to identify exact mechanisms, to find out,
whether ghrelin has any effect on insulin secretion or vice versa and
also, it should be studied, whether there are insulin receptors on ghrelin
synthesizing cells, or the above processes take place only by means of

ghrelin receptors discovered in pancreatic beta-cells.

In case of T2DM, level of incretins, in particular, glucagon-like pep-
tide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP)
are frequently reduced. In case of T2DM, reduced ghrelin concentra-
tions in the studied group can be related to the reduced levels of GLP-1,
as, according to several experimental studies, in rodents, pre-prandial

ghrelin growth stimulates GLP-1 secretion.

According to experimental studies conducted on the rats, ghre-
lin can also participate in adoipogenesis and lipolysis in white adipose
tissue. Discovery of ghrelin negative correlation with total cholesterol
and its positive correlation with HDL shows significance of additional
studies to identify more specific biochemical mechanisms of ghrelin and

lipids metabolism.
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Unlike the studies conducted on human individuals, after T2DM
induction in animals with STZ. There was found ghrelin level increase
in all subgroups, though, interestingly, in rats with normal weight and
overweight, ghrelin level was higher, compared with the control group,
while in the subgroup of the rats with obesity, ghrelin level was lower

than that in the control group.

Both, in humans and rats, ghrelin level changed in inverse propor-
tion with the body weight index. Supposedly, ghrelin level increase af-
ter T2DM induction with STZ is of compensatory nature, rapidly devel-
oped in response to hyperglycemia or in response to insulin reduction

as a result of apoptosis of pancreatic beta-cells.

Thus, the above mentioned clinical study confirmed ghrelin level
reduction in case of obesity and overweight and increase of its con-
centration in experimental models with STZ-induced T2DM. Signifi-
cant fact is that radon therapy with Tskaltubo mineral waters positively
impact glycaemia and ghrelin levels in all subgroups of experimental
group, thus making of interest detailed study of the mechanisms of the

mentioned effect small dose radon therapy.

In human individuals with T2DM, identification of correlations be-
tween ghrelin secretion changes and such metabolic markets in T2DM, as:
total cholesterol, glycated hemoglobin, body weight index and high den-

sity lipoproteins, adds significance to continuation of studies in this area.

As the experimental model for ghrelin research, we have used for

the first time, the model modification that combines specific diet and
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multiple injection of streptozotocin, Advantage of such model with the
other diabetic models for ghrelin research was evidenced by obtained
different data in the subgroups and also, obtaining of similar data in

human individuals with T2DM.

Identical results obtained for the human individuals and experi-
mental animals with T2DM doffers our work from the data of the oth-
er authors, in addition, adequacy of our experimental results is further

confirmed by number of clinical studies.

Conducted research is of practical value, as there was established
correlation of endogenous ghrelin quantitative indicators with meta-
bolic disturbances in case of type 2 diabetes mellitus, allowing consid-
ering of ghrelin as promising non-invasive marker for evaluation of the
forecasts of diabetes mellitus and as significant target, in the process of

T2DM treatment.

It is also significant that inhalation therapy of T2DM with radon
present in mineral water available in Tskaltubo, Georgia, in the experi-
mental animals showed quite significant anti-hyperglycemic effect and
normalization of ghrelin levels. Hence, the mentioned natural resource
could be regarded as supplementary remedy in the process of T2DM

treatment.
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Conclusions and practical recommendations

As a result of research, decrease of ghrelin levels in case of over-
weight and obesity, in both, experimental animals and human
individuals was confirmed. In experimental animals, after induc-
ing of T2DM by two low doses of STZ (30 mg/kg two times), in
all subgroups of the research group, increase of ghrelin concen-

trations was identified.

Research showed negative correlation of ghrelin concentrations
with hyperglycemia level, in experimental animals with T2DM

induced by two low doses of STZ.

Research demonstrated positive impact of radon therapy with
Tskaltubo mineral waters on glycaemia and ghrelin concentra-

tions in all subgroups of experimental group.

In human individuals with diabetes mellitus type 2 the correla-
tion between changes of ghrelin secretion and such significant
metabolic markers of T2DM as: total cholesterol (CHOL), glycat-
ed hemoglobin, body mass index and high density lipoproteins
(HDL).

In ghrelin studying, as the experimental model, we have used,
for the first time, such modification of the model that combines
two injections of streptozotocin and specific diet. Advantages of
such model, compared with the other diabetic models for ghrelin
research was confirmed by obtaining of similar results in human

individuals with T2DM.

Identity of the results obtained in individuals with T2DM with



the ones obtained in experimental animals differs from the data
obtained by the other authors, in addition, adequacy of our re-
sults is confirmed by the clinical studies as well, while the other

authors have not conducted such studies simultaneously.

Conducted researches showed correlation of endogenous ghrelin
quantitative indices with the metabolic disturbances characteris-
tic for diabetes mellitus type 2, hence, ghrelin could be regarded
as promising non-invasive marker for diabetes mellitus forecast-

ing and as significant target in treatment of T2DM.

Inhalation therapy of the experimental animals with T2DM with
radon present in Tskaltubo mineral waters demonstrated strong
anti-hyperglycemic effect and normalization of ghrelin levels.
Hence, the mentioned natural resource could be regarded as sup-

plementary remedy for T2DM treatment.
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