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SJAMOMOHMDS

5940560 ©0389H0, g ; dbergzeroc xsbspz0l 360280190

45dM0360  ©0sdgBH0  0blEobol  BLMEYEHMOHO  IBOEOGH0 b
0bLeEobol J0dsMr BYHBoLEIBEGHMd0  godmfzgmEo JOHMmbolzMero 935G,
MOmdgwog  mOBoBddo doger Moy dg@edmer®  dgzMgdl  of)3g3lL.  doLmzol
535bsL0sMYdgE0s  JOHMbozmeo 30396Mw039d0s, MHMAGLyg Bosbdomfigwgdol,
@bodol s  3MMFHJobgdol  oLdgEdMmobdo  gMFYdol.  ©993509ds  SEEGME
LGo0sDY, BA0MOE, AWM3MBOLOEID FHMEYMHIBEHMDBOL IMWV393000 3w0bEYdY,
9mp3006900m 30 30056M@Yds  Lbb3zosLbbgs MmMPbML  F9di393900  JOHMmbozmo
sH00b6909%0.  FodM0sbo  OsdgEHOL 0T  QobLsMMgdom  ARdbMBOIGGS
000309000, M350, 3o s bobberds®zqdo, mwgzodero (Haligur et al., 2012). 50
MmO5bmms sHB0sbgds 30, Mogol FbBG03, olgmo MM gdgdol dobgbo brgds,
HQMO0(359, 35Z9W0MO©, 3410l 089300 535D, Md30L 33060l 0blmw o,
3000M9gd0L 25630965, LglmdMmogo (96gd30eo) obywmbiaos s bbgs (Kaul et al,,
2013; Peters et al., 2014; Peters et al., 2014; Maiorino et al., 2014; Bowling et al., 2015).

©@OoLsmM30L  49boboWs396 FodM0560 @OLdYEHOL MO RMOAsL: ,dodM0sbo
050930 $H030 1“ s ,05JM05b0 OsdgGHO G030 2% 3063900 50960 3005MYds
B-mxM90900L  5EH™0MbMOHO  IB0sBJOIOL gedm, Mo3, Mmames (qlbo, of393L
0bLEobol SBLMEMEME IBOEGOAL; F5JM0sbo EOBdYEBHO GH030 2 30 bslosm©Yds
B-x690900L doge 0blmerobol 1g3Mg300lL 3MHMYMILME0 3Wgdom, M3 bdoMs
3000500905 06LIobHGDBOLEIBEHMOdOL BmbDY (Standards of Medical Care in Diabetes
— 2017 — American Diabetes Association).

oM mmbo  s0figgmerol  3sbdogbg Fodmosbo osdgBHo GHodo 2-ob
3930399058 8339006Ms@ 03s@s  (Steinbrook R., 2006). bs3569mqdos, M3 2030



Perobomzol 0sdgEH00 935 JOIMEMS MroMmEIbmds 500 Foombl o5 FoMdJdL
(Vetere et al., 2014).

95d60560  ©0509BH0m  53500MdOL  BH9bgb30s  obMbMgms®  0BMHYdS
LoJoMM39wMToE.  dbY,  TORIOMOE, 535 JOdMS  JMBBHOMEOL  ghmgbmwo
395GHM0L dmbs39dg00m, 2014 Fgwl 0630babEH™dOL 53969090 1000 dmbsbergbyg
Hobs §9emsb 9969300 1,4-%xg6 0gm dmdo@gdero s 586,5- 99 9bs.

doRbgm0s, M3 FodM0sbo ©0sdgEOL LobdoMol 93390000 BsBgds SGOL
dmm 5 sofgmeols gobdsgwmdsdo  Fomdo {mbols s Lodlmdbol 8339060
95900l 30Ms3o6mo dggao (Parikh et al., 2007). s896H030L 8996G:0090mw d@o@gddo
95460560 ©05d93BH0 3030 2 509b0dbgds 65 ol Bgdmom 8535353000 9P dglodgl
(Cowie et al., 2010). 85JM0sb0 ©0sdgEOL 2493039 gdol Lobdomg sdgMH03ZoLs
936™30L 939969080 99@-65300905@ M9bsdsM0S s F9o00y9gbL 6,6-6,9%-1 (Shaw et al.,
2010). 99990 20 Herob 456053c0mdsd0, 3099bgEozs® 9MBYIMYWO S RIRTOO
»9030050)BHMO" 3OMAMTd0LY, 53 39969080 653505 gd0s TodM05b0 OdYEHOL
d90mbgggoms 20%-000 053905 2963000509350 J3996gddo 30 FodMosbo osdgEOL
9900b3935m5 3539l 69%-000 3565MdYb (Shaw et al., 2010).

Abmgzgwoml Bbgssbbgs J399bols 3m3ms309ddo dodMosbo @osdgEo GHodo
2-0b 36MHMEIBGHMEo B FGLsdsdoLO 03930 MMYMEMEF 3000 53 35MDMEMAOOU,
31939 99 35MEWMYP00m oM 3TN0 oM gdgdoL  F3OBs MOl boGrxgdols
DOHILSE. 980GHMT  EPJoLIM30L FogdM0sbo OsdYEO obobogds sGs GMAMOE3
dbmem B53gEOE0BM-B0MEMYOMEO0, 50539 OMYMEOF LMEOSWG-93mbmdozmeo
30mdqgds3 (Standards of Medical Care in Diabetes — 2017 —American Diabetes
Association).

901bg535© 0d0Ls, M FogdM0sbo OsdgBH0 FoMTMoygbl AbmBEomdo
535@MdOLd s 1O3ZPOWMBOL JOHM-9M M350 FoBgBL, doRbyMwos, BT dobo



»AZ0ODOL F5@Jds 56 5MOL Mbbggboo dobo I3MMbsMmdolsdo dodsMmwo
5Q093353)vM0 (GHMERsMEO) dosgrolbdggom (Vetere et al., 2014).

05d00560  osdgEBHo  8FoOH™m 3530060305  89EsdME  LObEOMIMD.
3993060900 B0DBOIMOO  5dBH03M0S O 9MLPMOO (B BLYdY0) 33900
Lodlwdbols bgErdgdfigmdo FoJBHMM0s. IMTsBHJdo 3bodo, goblozmmGgdom 30
30L33969Mo  3bodol  AsBMOoo  dsby,  Fohbgos  FodMosbo  odYEHOL
3963000060900 36033690356 MOL3-BodBHMOsE.  Lodbwdbg  g30Ydoslisgom
3039905 dogel dbmaeromdo. 5396MH030L 99090 FFSE90do 85353539000
63% 5 Joargdols 55% FoMd)Hmbosbs omzwgds. Fo@dHmbosbms 22%-ol Lbgmeols
dsbols 0bgduo 30 32/02-Bg BgE0s, 50sLMBS3Y, S BroE F9BLZMMIOOM LoIBASTM.,
boliosmgds LMOGO FoBJdol Fgbwggooom (Ogden et al., 2006).

0905030099905 o Bogd@BHo, MM dg@sdmEmMo LobM™do, Mol
doMomo© 3m33MmbgbEL 0blvEobmgHoLEIbEMdS [oMTmoaqbl, ¢339 50gb0dbgds
dmbomgool 4,5%- (Ford et al., 2008).

39630 {mbs, Bogdr0560 ©0539EOL F9Ms, 0f393L /956 byl MFymdl olgmo
©55350090900L  25630m5MgdL,  MHMYMEOOESS  3MGHIMHOoMEo 303903 96%0s,  gmen-
LBOLbEWdoMP3Ms 53505, B30l 3MIBHOL  IBosbYds,  93030L9d05b0
bodlbogbggdo,  LogMYb-59MIM539990  LOLEBHGIOL  935Yds  (SOGOEGEO).
DOHOIBOM  FoMBMb0sbms 80%-b 50gb0dbgds FoMd Frboslmsb 3530060 gdmw0
9600 553500905 35063, bragnem 40%-U mMo 56 dgE0 ©s93509ds (Janssen et al., 2007).

05d6M0560  @©0sd9BHOL  2obgzomotgds  sbg3g  3930oMmdos  Loldgbm o
a3mbsmEHMM3Mwo 3mMIMbgdOL 3MMYJ305Ls S F9EOdMEODBIMD, spMgmzg 00
1593MObSEHsT™m 1T gdgdmMsD, MMIgdoEz  93E0gMgd9b b MY Mbsgz96
Bobidgbm  3mEGIMbgdol  Imgdggdsl. 3ol gom3zsobfjobgds 30w gdgEos  0d
Bod9o30bm  3gMOHLMbseolmgzol, MHmdgwos 6odbsgl  3mMIMBYdOL  godmygbgdsls
306365393300LmM30L 96 Bsbs33ergdomo mgmadools dobbom (Mauvais-Jarvis F., 2011).



05d00560  ©0539BHOL  2ob30msMgdol  oBs3HJP0O  MOL3Z-BodGHMEMOS
b56sBIM o sbs30 (Chew et al., 2013).

ALmgzgwomdo do@Gwemdl dodM0s60 0509EH0 G030 1-0L bLobdoMgis (Dabelea
et al.,, 2014; Atkinson et al., 2014). 530l gE-9MH» d0bBgbo©, dgodergds doRbgmwo
ogmb  45M9dm  Gmdbobgdo  (8dodg  TgBHowrgdo,  Lbbgoolbgs  Ho®mdmgdslio;msb
053930060900 Jodomo b0gm0gMgdgdo0), sB939, SMEHM0TN6MOHO 35MDMEMY09gdO,
Do0eolbdogmo oM gdgdo (Bodin et al.,2015; Rewers et al.,2016; Standards of
Medical Care in Diabetes — 2017 —American Diabetes Association), ®mdgdoi 0f393L
35636M95L0L  396dmegdol B-mxM9g9gdol sH0sbgdsls (b93MmBL /96 53Mm3FHMDBL)
5 9LsdsA0LO, 0BLYYEObol gBROEOEOLS s 3039MYE039300L 49630MEYOSL
(Rewers et al.,, 2016). s0b60dbmeo 30BgHoL godm 393G0 033093500 5foMTIMYdL
050930  GHodo  1-o0b Mml  B-mxM9gogdol  s330Ls /56 ©9gaqbgMsEo0L
d9L5d9dEMdYdOL 33eg3sl (Karaca et al., 2010; Sun et al., 2012; Vetere and et al,,
2014). 535L056539, 2oLOMZ9¢oLH0obYdGE0s, GMb OsdgEHO GHodo 1-Lsg sbeogl
Ubgoslbgs  boGolbboom  godmbs@mmo  Loghom  ©obdg@odmeobBdo, Moy
3965306HMmdqdL  bbgoolbgs  LobGgdgddo s  ™mOYBMmGddo  JsmMEMPO0MGO
3300909000 256300050905 @ LEgMNM 30b03MMO LMoL sdd0dYdsL (Forbes
et al., 2013; Duran-Salgado et al., 2014; Boer et al., 2014; Simo et al., 2014; Atkinson et
al., 2015).

59053 35636M95L0L B-MxM9ggd0 FoMmdMoygbl mMm039 GHo3doL dodMosbo
050930L  35000969Bol 396G  3mB3MbgbAL, g3MBoL  3mBgmLEsbol
3m6M9J30s  B-Mx69gdolL ©o330Ls WS BbJ300L FgbsMPMbgdOL (Rodx mdglgdol)
abom  0sdgAHOL  FoMmM30L  M3EH0T0BoEo0Ls3g6  Fodsmmyero  33¢093900L
BEAMGHYR0N 5dMEsbs JooRbg3s (Vetere et al., 2014).

3963695801 B-x 9930l ©sB0sbgdol 309396300Ls s MgabgMsEOOL
d9L5dgdEMdgdOL, 0bg3g, MMYMOE  FodMosbo  OLBdYGHOL  MOL3Z-TodBMMgdOL



369396@00Ls  @s  3mEdaool  FgLodErgder™mdgdOl,  FoduLodoIMOE  AdTM3egbs
96003690m35605  FodMm0sb0  ©0sdgEHOL  [oboswdwgy Mmool 3M33egduyGo,
06®93M06M90mo LAHOSGHIR00L  89999053900L5030l,  MOE 9T OO935©YOOL
LobdoMHob s 1b0Bd0T0EIL  o8MAObsGY, Tmgwo bMmBWOMbsM30L  TMHOS©

59350 3MIMDEGD5d.

359650560 058930 83716965¢m80l sz30L98+9(598560
30603m6M0 ©s 9Ju396MH0396¢ 0 FogMm0sbo OsdYBHOL 331930l Fg9RgdoL
309065¢0Hgdol  LBoxmd3zgdg,  ©EIL  FodMosbo  OsdYGHOL  Bod3MEMborm

399my9b690meo 80agd0 G90dqds 4 JOMOMSE KX YIBIQ I0YMU:
5) Bsbsp30m98000 0905305, 53 3rolbbdmdl  0blvyeobol ©gzoE0EOL

393L9gdoll 98 3mMAMboL 96 ToLo  HBIEPMYJOOL  sTsBJdom. 060869gds “MME3
35960560 050930 BHo30 1, olg FodMm0sbo osdgEH0 G030 2-0 oML (Vetere et al.,
2014; Bocci et al., 2014; Approaches to glycemic treatment-2015-ADA; Standards of
Medical Care in Diabetes—2017—American Diabetes Association).

) 5396000 @9H5305, M53 3oLLIMBL IBOBYIMO B-9RO9gIdOL
9396965300 bgadghgmdsl bbgoolbgs Lsd3m@mboefodwmm  Lsdwowgdgdom  ©o
063090096@ 9000 96 Jormeaomwo bgdmddgqdoom.

50bsb0dbogos,  MmA 53  J0FsMHIIgdom 3393900  JOMHOMOIO
994b3960896F oS 96 36930060z ME LES0sDY 0dymaxzgds s Foblbgsggdmeo
Do6mBs@9d0m  bsLoomgds  Lbbgosbbgs  9du3dgM0dgb@ e  dmgwgddo.  sbg
052905, P-MxMII00L  MgabgMsE0s  MBOM  FoMdsBHgdom  bmM309e0©9ds
306000939030, 30009 3600353 Jdd0. 30MHMA390d0 35636M95LOL 3ol Boflogrols
(9B9d300L 9909y 6583960005 35636195l MagLy s Lbgmewdo  35636gsliols
39963dmgdols  20Bgbs; ALgoglo  Imgwol dorads 3M0TsGHJddo 396  bgMbgds.
?5MYMmzom 13305l 0dwgzs s3MgM3g 00 5@F067dOL (Fs0 FmMol ds3d39d0L)



339999056 50900 35630Mg5LoL 30LEHMEWMYOVIMHO J5TM3IZEI353, MMIGEOMSF 535
0¥ 03 30bgbom (L3w9gbgdBH™Tool OML) BoBomadmwo 3Jmbsm 3s636Mgsliols
3ol MHgbgdaos (Bjoern et al., 2008; Saisho et al., 2011). 256Lbbgzs390me» Imbs39dgdL
00¢0935 BMYogHmo 331935, MHMIJoE 5LEHYIMYOL Lbgoolbgs bogmogMgdgdom
(050> GO, 939bsMgmwo 9duBHMod@gdom) Hgdmddggdol 300mMd9dd0 3s636M9sLols
B-mx 699006  ©sB0sbgdol  IOMPBowsdBHozol b Fomo  M9gaqbgMozools
99L5d@gdMBSL FogMm0sb0 OsdYGHO BHodo 1-0b ML (Karaca et al., 2010; Chong-De
Sun et al., 2012; Vetere et al., 2014).

d) Bomdadbrmcermgon®o dowgmdgdo, o3 moolbbdmdl  B-mx6mgrogdol
(39636950l 39963 gdol)  083¢sb@oE0sl  0bEGHMIZgMoEGHMbywo /96
0b6GHM93mMHEo 0bogdgoom, 96 fzdowo Bofersgol b 3960l 0Bmmomgdmwo
19396E0m d9Jdbor doM3MbEHYobyMgddo EHMIBL3WIBE 305l (Kakabadze et al., 2011;
Kakabadze et al., 2012; Berney et al, 2015). sbg39 oJ@oGs© 388530090
B-x690900L dorqds 39636M9oLol  5306mlol  MgMMZ60  MRMIIOOLAD, 939
Bo3mol  LBoobs®gdol  3MMAboGMMGOOLOYSD,  Lbgoolbgzs  Bogd@mMgdol
5353 Jdom, MHMymG@E in vitro 51939 in vivo dmEgegddo (Ramiya et al.,, 2000;
Rajagopal et al., 2003; Cardinale et al., 2015).

©) 9gmmbg 8035 MEgds, OMIJWLsE 30OMI0MI© dgodergds gfmml
bob9m30b3ecm0 095305, dYMB>MYMdL F99gad0: FodM0sbo ©OsdYEHOL MM
06086905 1593 MEObIEHsTEM  b5FMOEgdgd0  ©S/96  0byMmg0gbEgdo, ®MmIwgdos
sbabl 0blvEobMgHBolEBHIBEBHMOOL ©od390GdL s Fe3MBOL T9ESdMEOBIOL
3m6O9Jgoslb  0blerobmmo  qBobYSD  ITMM30YdgEro  F9JsboBagdom. Sy,
952905, 6563969305 doYgsbogdolL (Rojas et al., 2013), bryergzsbodstrmgsbsls
(Turner et al., 1999), ®05bPm@woobombol (Soccio et al., 2014) @s©d0MO 9539dEH0O
85960560 050930 3030 2-0b OMU, 51939 0bLYIEOBOL sbsgrmaqdols (Atkinson et
al., 2014; Stephens et al., 2015), 3G530b@GHool (Vetere et al., 2014), 3groxqg@mbols



(Latsabidze et al., 2011) @o©go0m0 9xgddo dodMosbo ©osdgBHo Godo 1-ob
306d90d0.

LobgOHRRODBINWO MYHH300BOMZ0L 5gGHOMEMOE Fobobowgds 85353530l Labidglim
3063MbgdolL - 96EMHMYgbgdolL - 25dmyggbgds, MHMIJWMS IYdOMO B9gIm]dgads3
35960560 ©0sdgE0 BHo3o 2-0b ML 0bEHIBLoMMms© Fgolfogergds (Kalyani et al.,
2007; Stanworth et al., 2009; Grossmann et al., 2010; Jones et al., 2010; Muraleedharan et
al., 2010; Corona et al., 2011; Gianatti et al., 2014).

sbmmg96980 Fs9460560 0s89H0L G3:9hbscrmdsdo
05053539090 5006086905 939935300600 BHYLEHMVBEIOMBOL MBYLY s FogdMosbo

©05093H0L bLoddodgl dmeob (Saad et al., 2009). 85JM060 OIBYBHOD WH535CVYO
050535390L  Lobberdo  5096036gdsm  BHJLEHMLEBHIOMBOL  3Mb3gbGMsEool  MTBEOM™
Q5050 356396909¢00, 00 3585353900056 F9M9O0m, MHMTJMSE 560 59300 FogMosbo
050930 (Stanworth R.D. and Jones T.H., 2009; Stanworth, Kapoor, et al., 2009); 51939,
©OILGHMOJOM0s 33930000  BHILAHMLGIOMBLY S 2w03MBOMmGIM
390mgmdobl dmMob (Stamler et al.,1976).

X35090bo  (po0Fmeo) 3393900l  FgBHo-sboewoBds  sBzqbs,  HmA
ABAHMLAHIOMbOL mbg FqlodRbg39 BSEs FodMosbo osdgBHo  BHodo 2-0b
9gmbg 0950535:39000; Lolbedo  GgbEMLEGHIOMBOL Edswo 3Mb39bGH®s300L dJmby
05053539000 30 BogM05b0 ©05d9EHOL  A9630MGOOL  SEBsMMBDS  FMB53)JOY0S
(Chubb et al., 2008); 39&03, BMYogMmMo 3300935 5IVBEHNIOJOL, HMI GguBH™ULEIOMbBOL
Q050 Mbg 05053539000  TodM0sbo  ©0sdgBHO  BHo3o 2-0L  gobgzomsmgdols
fobsdommdsg 30 890dwgds ogml  (Rebuffescrive et al., 1991); s 3oModom,
AIAHMBEGIOMBOL  3:mb396GHGE00L  Fomoo  sBgzgbgdeol  dJmbg 85353539000
3500560  ©0sdgBHOL  gob30msMgdol Molgo  42%-00  MBPOM  OOIBIEI0S



AIBAHMLAHIOMbOL  3mb396GGsE00L  @sdsEo  F9B39690¢0l  mbg 0585353900056
99069000 (Ding et al., 2006).

3OLBYdMBL 5ToXJMYIOIIO 930)F0MMAO0IOHO 8330390YIgd900, BTl
0565b3oo3 BobEoBIM 515300 BHGLEHMLEBHIOMBOL dIEO ™Mby HotmBmoE9bL
53030009090 HOLI-BoJGHMOL OMYMOF IGEHIOMWIOHO LOBOMIOLS S FodMosbo
©05093H0 BHodo 2-ob (Stanworth et al., 2009; Traish et al, 2009,II), obg dsomo
239MMMqdgd0L -  0BLYWEHOLS O J9MOTs35¢0 0dgdool 256305 GdOLIMZ0LYS
(Yeap, Hyde, et al., 2009).

MMAS - The Massachusetts Male Aging Study (Stellato et al., 2000) co> MRFIT-
Multiple Risk Factor Intervention Trial (Haffner et al., 1996) 33c093903s 563965, 3
MmamO3 Boghom  GgbEMLEAHIOMbOL sdoswo dsB396909wo, obg  Lgdu-3m@HIMb
090535390609090 gemdeobols (Sex hormone binding globulin - SHBG) sdsqro
9563969090  (MHMIgeroi SLmEoMEgds 0bLYIEobO)HBOLEIEEGHMILME), dms bbols
05053539000  §o63Moygbl  ©0sdgEHOL  29630005Mgd0L  ITM30©YdGE  MOL3-

RogBHMOL.

30603160 33093900l 9OHMO XYMBO SILEGHMIOL, M JodM0sbo 0sdgEHO
030 2-0b OMHML AHILEAHMLEAHIOMBOL S60T26s 53306000l OBl 0B BOLEHNBEH ™S,
O @ OJLOMLAI Q 3 GOMJ JLOdOIBOLGIOO

Lbobbedo  g3mbBol 899339 mdsL,  W030JO0L  EOLIYEGHOMEODBAL o
5©YB0MO© 3mJdggdl JodMm0sb0 ©0sdgEHOL 3e0bozme LvMsmby (Boyanov et al,
2003; Heufelder et al., 2009; Jones et al., 2010; Gianatti et al., 2014). o»w)3dgs, Lbgo
3393900  dommomgdl,  Mm3  LAIGHOLEGH03MMs©  Lo®dmbm  goblbgogqds
39390 mH0 LObEMMIOLS S FodM0sbo OBYBHO BH030 2-0U  gobgzoMsMmgdsdo 56
LGHMOIOs  BHILAHMLGHIOMbom  659379Obsergg s Tob  2oMmgdg  35309bGHMS
X31%390do (Chen et al., 2006). gl @oblbgsgzgdrmo dmbszgdgdo dowmomgdl o3

90856MHM9d00 459Mm33e93930L A93MAGEIGOOL SEOLGOCIMBSL.
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50bsb0dbsg0s, MMI 3¢00bozmEo  330093900L  SOLMEIMEBHMEMO  MIMIZgLMdS
LHO3MBl  sb®mMAq69g00L 9gRqJBL od®osbo ©osdgBHo GHodo 2-0l 306MH™d9gdJ0.
505Lm9bBs3g, FogdM0sbo  0sdYEHOL  gJu3gMH0TgbGH M  FMmEIWgdBY  (sSemdusbom,
LEHI3GHMDMEHMEF0bom  2odmfz3gMo  FodM0sbo OBYBHO IO  F0HMoy390d0)
BoGo®m90ero 330093900 51939 F0P0MYOL SBEMMYIbgdol s©gdom 9x39dBHL (Gibb
et al., 2014; Didebulidze et al., 2015). 0dolb gomgzscolfjobgdom, Gmd 9dudg@odgb@wwo
359600560 039GO0 FgBHo FggLodsdgds FodMmosbh ©0sdgdH GHod 1-U, Fgodwrgds
535133650, MMI  F5053530L  Lolglm  3mMIMbo  OYIOMOE  BMJIJGOIOL  5GS
dbmEm@ F5dMH05b0 ©0sdgEH0 B30 2-Bg, 565990, JodM0sb0 O0sdYGO BHodo 1-Bya.

300mBbs 30603900 Y00  3e0b03MMO 33063909003, MMIGdOE3
90mm0om9gdl  5bEMHMY96q00L oGO0 9BgBHDY FodM0sbo osdgEO GHodo 1-0b
@OMl s dILEGMMIOL 53  Bodsmmyrgdoom  d9dgmdo  33¢93900L
90Bs639)mbomdsl (Saad et al., 2015).

00 33193900l 5b5¢r0Bo, MHMAd03 dgolfogerol sbEMmMYgbgdol dmddggdols
994960Bdg0L ™mM03g G030l  FodMosbo  O0sdYBHOL OML, 0dwg3zs  Logdzgl
3035M5©OM®, M3  96EOHMYIbgdoL  ©TsBHJds  Fgodergds  Lbgoobbgs  gboom
bgbgl  493wgbsll  FogJM0sbo  odYEBHOL  MML  HoMmBmBmdow  Lbgoalbgs
9MM3935Yg. 9Mm-9Mm  L35MOMEM  F9JoboBTo  QobobowIgds  9BEMMYgbgdoL
b90mddggds  9bMMygb-M93a3GHMOmdDY, MHMIGms 55 FoOGHM  SMLYOIMDSS
©5LEGHMOJO0 Bb3oolbgs MMYbMms »xMggddo (w0, 3000, 3563609500,

3OMLAGHSGS, d9dy @O 0.0.), 905090 LGOS  Fo0  9dEH0YOO
dmbsfogmds Bbgoolibgs 993500900, o dmEol Lodbogbggdol s OBdYEHOL

3omM- 5 LobmMYgbgBdo (Chang et al., 2014; Morelli et al., 2014; Didebulidze et al., 2015;
Shen M and Shi H., 2015; Harada et al., 2015; Navarro et al., 2016). 5J9sb6
399030bs6Y, FodM0560 ©0sd9GOL Lbzoolbgs Bm@IgdoL 3:md3egdlwe 0gM305d0

3bMHMygbgdol  259mygbgdols  33wg3s oG owe LsdgEbogmm s 3M9dEHogMe

11



L53000bL  Hommoygbl, MMAEOL  FoBsBIgHmbowMmdol  AsbLsbPIMSE  Lodmemm

390©0JAL 9EmE)Bs.

33¢0930L 303mmgbs
4m39wo039 1990mo0bodbmemols gomgswolfjobgdom B3z9bo 33¢0g30L 303mmgby,

d9L5d9d9g0s, 89909abs0M® 0658 BMOI0MGIM0o: F5953530L Laligglm 3mEmImbo
©5Y00m5© dmgddggdL M5 BMWME FogM0sb 0sdYE GHO3 2-DBY, 56599, Fogd@0sb
©05093H GHod 1-Bg3. gb 9mgdggds  FMWGHOMOYBMWos s beMO309w©Yds
39bLbgz0390o 39d5b0BIgdOm, s TFMMOL MEMRBMMS sbEOMYIB-M9393EMMHYOOL
dmbsforgmdoom.

33¢0930L 30Bsbo

35460560 ©05d9EBHOL 9Ju39M0896G I Mg do dodmzegboen 39E)SdMEE
©oMR39300bg  56OMEI6IBOL  byBmgdggdol  9BIHOL  39dmIZwIzs @ 9D
b99mddg900L 39dsb0BAgdOL 45bLSBMZMS.

33¢ng30L 53m3569%0
50b0dbmo doBbol dorfigzolomzol MG doz30Rbogm 33eg30L

9390m69 59m356900L AosfY39@o:

1. Wistar - ol xodol omgome 30600062390bg FoJM0s60 ©0sdgEH0L 94u39M0dgbE o
dmgol sggbgds s dolo Ggb@mbBgOmboom 9379ObsEwmdol 99dwdsggds.

2. 356309oLol  ©@s  ©30dwolL  30LEGHMWMROOO,  03Mbm3olEmdodomMo s
9mOx3mIgEGHM0MEo godm33wg3s 94u3gM0dgbE o 8sdM0sbo ©osdgEoL Lbgsalibgs
3900519 5 dobo GgLuEMLEHIOMbom d39Obsmdol 8909y.

3. obbywobol s  y3mbBol, 1939  LEHIOMoEMEro,  Lobdgbem o
BMAoGHMGHOM3Mo 3HIMBYOOL 3Mb(396GH 30900l FoblisbwzMs gdudgH0dgbdmwo
35960560 ©0509EHOLs s Jobo BHILEHMLEGHIOMbom 839MBsMdOL T9dgy Lblsolibgs

35005bY.
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4. ©30dwdo 9BEOMHMYg6-M9i393GHMM9gdol  9JudMglool s ©@bBT-obs s MbI-0ob
Lobmgbol  063HIbLOgMBdOL  godm3zargzs 9Jdu3dgM0dgbE o  FodMosbo  OsdgEOL
bbgo5bbgs 3500Bg s obo GgLEBHMLAIOMbom 83MMbsEMdOl 8999,

5. 300900 999900 565cr0Do @S BEGOEHOLEHO3MMO sT1YTs39do.

99360960 Losbeng
semglsbols  0bogdiool  F99gas©  B-IxXMI©IO0L  sD0sbgdoL  mEDY

396300000900 9du39MH0T96EH Mo FodMosbo  OsdYBHOL  306MHMBYOTO 033D
MMaMO3 3e)3mBol, oy Loligdglm, BL@BsEHMEOM3MWO S JMOEH03MLEHIOMOEMEO
306M3Mbgdol  99BHodmwoBdo; 330 gdgdo  s1Y39,  30MMIYdS A 3MDOL
0bLE0bEsdM30009d90  MBHOEODsE00L FglodEgdemdol dJmby mMysbmgddo
(00300¢80), G55 5LEHVIMIIL DRSO ,89GS0MWHO BEBHMILOL Q5630 MGdL*.

BOBMIBHHO  BHILAHMLEIOMBOL - H-BgmowmEH®mogbmmwmbols - 06ogdzogdo,
9o dbO0g, 59306090L  0bLYYEobM)HOLEHIBEHMIL, brem dgmeg dbGmOog, sHgbl
B90mm 50b0dbMEo 3mMHIMBYdOL 3m6396@9300L BMToeoBoE0sL, S1939 W30dEol
2x 909030 bm3gobols 8553980l LobMYHBOL v0EYIDIL, M3, BodMEIMM, S0LsbYds
30396039800l s oLom 50N EOLIYEHIMEOBIOL 3MMgJ3000.

090l 2om35wolfjobgdom, MHMI 3030l MYM9ggddo ©bd-ob s ®BT-ol
LobMYHOL F5d0gMHYds bEgds 53 YR MJIOOL 5JBH0IM0 SBLOMYIB-M19(393BMMYdOL
50EgbMdOL  F5@gOoL  39MOWIMEMS®, bS 30830dOM™M, MHMI  sEmdulsbmMo
35960560 ©0539E00 259Mf390 OLAYEHOMWODBIOL 30693058 BHILEHMBEGIOMMbO
b 309w gdl 56EMmMYgb-M9i393GH MM meo d94sbobdom.

AILEAHMLEHIOMbOL 0bogdE0gd0l 9ggas® 3935¢)™30E0d0 ©BT-0ls s GBT-0l
BobMgHBOL 25d0gMHYds 50LIbYdS 96> V30dWOL VX IYEIOOL FJoBHMbYool, 55dgE
30 MO0L Jo3Jdom.
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553535 359mbsGsbo gdMmgdgdo
659Gm3do  ©oLBEYZ39®  MOL  godm@obowo  ,33¢0930L  303mmgbodo”

393590 YdIENGds, 390M: 85353530l Loldgbm 3mEmMbo - FHguBMULEGHgO™bo -
©5©YB0MO® 3MJdggdL 565 FbMEME FodM056 0sdYE) BH03 2-BY, 561599, BodM05b
0509¢) G03 1-Bg3. gb dmddggds 3 EHOMEORBME0s; W30dEdo gl JglodErgdgeEros
bm®30930MmEgL $6MHMY96-M9(3933™M9gd0L dmbsfoergmdoom.
365d30 0 0933960530900

960036900m35605 9309l 33935 96 FBMErMm© FodM0sbo  ©odgEHO
G030 2-0l, 56599, B5JM0sbo ©OsdgBHO GHodo 1-0b 3MmI3Wgdlme  0gMs30500
3b®mM 96900l BoGo30L 9939940l LEOMRLlMgsbo d9935L900bY Qo
90D5639)mbomdoll  ©oygbol, sbgzy, oo MBOMGPIoLs @S BoTz60L
3 MMH0MTol IHBMLEHJOOLIMZ0UL.

d0Bsb6dghmbogros  393MIgergl SbOHMAIB-M9393GHMM9ODY ©oRdbgd o
008 3999603900l d90amdo Fgbfiogers, MMM JabMmAbmMo sbMmygbgdols
©535¢%)9d>  0ofj393L 303960390005 @5  303m0bleobgdool  3oMmd9dTdo

QMO390 MYXMHIMYO  FGBHodMEoDBIol (HMmAmOE 9JuEMIbm3gstrmeo, ol
06¢ 5630 9560m@0) 3:609J3E0sL.

14



II ms30

03 JM3GMMOL Jodmbowngs

1. 35g60360 05dgE0, HMaMM3 Lsdgo3Eobm, domEmyow®o, XBEIE3000
5 bem30se©-93mb6m303MH0 3O MdEYTs.

35d60560 053930 JOmbozmmo dymIomgmdss, MMmIgwoi HoMdmodzgds
05906, M35 35636950 396 45903 F5390L 1538560l 0BLYEOLL (5B 0560 OdYEO
Godo 1), b Gmas mOHaoboBAs o6 Tgmdwos  godmdmdszgdwo  0blwyerobols
99399BM0 459mygbqds (G5dM0560 ©0sdgBH0 BH030 2). G5dM0sb0o osdgBHO GHodo 1-ob
90Dgbo  MI0EY ©IYIPOWO 5 sMOL;  ToMmosbo  OsdgBHO  Godo  2-obL
396300569006 doMOMOE  Fo3MMZM30M9dgw s bgedgdfgmd  Bog@MMJds©
doBbgmmos  Fo0do mbs  (LodLwdbg) s @EboToLs O JOWMOHOJOOL  FoPOWO
099339cmdob Bozzgdo (Atkinson et al.,, 2014; American Diabetes Association, 2014;
Zaccardi et al, 2015); @95350000505 3JMBGHOMolLs s  LsbmYsmgdMogzo
X969OMgmdol gmHMm3bmmo 39bGH®OL 930gdomEmaonMmo domwgdhgbo - ©393
2015; Chatterjee et al., 2017).

3560560 ©0s09GH0 9OH-9OHMO 439D 2o3MEIWIOMWO 5G5S OTWVJOO
Q9535009055, MMIEdsg 930gdool Lobg doowm dmgero ABMBEOoMbIc30L. ol
DoM0mo9bL  1LO33OOBMBOL Fgmmby-0gbmog FobgbL 3930 A9630MEMIGOYE
939996590 (0393, 2015). 95JM0560 0sd9EHO 21-9 Ly 39969d0 X 96IOMYMBOL HE30L
9607-9OH® 305356 3OHMOYIo® dobobogds (Forouhi N.G. and Wareham N.J., 2014).

2014 H9eob 569250059 Q9935 JIIMS JEPMBSYOHO SbQM0doL (Global status
report on NCDC) dobggom, 9 domoms bsdobbgl dmGols dgd309s Fod@osbo
©05093BH0LS s LOALYYIBo” H535YOOL Fo@gdol FghgMgds. AbMmBEroMmTo JogdMosbo

050930l 293M3gwgds  9%-U  s0hg3L. 9935 JIMWDoEsb  20%  3bmgmMBL
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3963005690 439469080, bmewm 80% - sdser s, A9BLOIMMGOOm, LETVISEM
390mbs3eol 8Jmbg Bmbobgmdols 439969080. ) BogMm0sbo 00 EHOL F9dmblg35000
DML EY356go 3H9b9bEos 99bseBMbs, 2035 ferrolimzol ssbwmgdoom 592
9b 5530560, 96 IMBOEOO FMbEbEgMdOl momddol Tgemgo  FogdMosbo
0509300 046905 5350900 (WHO-Global report on diabetes 2016).

QOIoLIMZ0L 39630m5690m e 9399699300 459400560 QO0539GH0M
©5535Q90Mms  dmMoL  FodMosb ©osdgd GHod 1-Bg 10-15% dmEol (s od
35(30963900L ®oEbzo Mabod3zbgrm 033wYds), bmwm F5dM056 osdYE @03 2-By -
85-90% (50 353096@™s MoEbzo 8m©d035 0BOYdS), M3 WIS300MGIY0S
3O5LPMO 339055 s LoALwYdbglmsb (Dabelea et al., 2014). @o0sdgGHOL Lobdomy,
390330lows@,  sUY3),  ©IMIOEIBYWOs  JIMIROIFOY  ©d  Jbog®
3354 BHMM93bY. BOH©OOEMgmolb J39969ddo Fod®mosbo @osdgBo GHodo 1 LsdbOgmOoL
93994693056 G900  FgEO©OS  o3M(3IWIOME0.  F5RO0MO©, Bobgmdo ol
30-40-x 96 b3oGos (Forssas et al., 2016), 3069 3mMgoLs (Ha et al., 2015) s d9Jbozsdo
(Rull et al., 2005; Aguilar-Salinas et al., 2017). @505¢00 @5 Lodmoem Jgdmbisgeols
9399469330 8500560 ©O0BYBHOD 993500V 5sT0sbms Mogbgo 181 db-U
395099bL, HMIGEmo56 122 ewb Lmgwosw 3bmzmMdL. 2035 farobomgzol s0bodbmo
95639690900 80s0(g3L 347 BoErombl Joenodo s 145 Bogrombl bmgws (National
Center for Disease Control and Public Health - NCDC 2015).

LY0BBHIMGUMS  FodM05b0  OVOYBHOM 95350 9d0L  LobdoGmol  Imboigdgdo
3b53MIM03 s139dBHT0. TodMm0sbo OsdYGHOL bobgzsMBg dgBHo 40-sb 59 (arsdy
Sb53MIMO3  XaMBdo 3¢0bgds. 9JuU3gMHEMS  F9MVOm, BoJM0sbo  OIdYEHOM
Q9939JOMWmS  MIMS3egbmds  ImBogoendos  3Mbigb@moMgd o  0dbgds 50
3153M0M03 393JAMM0530; 5535659305, ™A 2035 fierolimzol ogd@osbo ©0sdgEHOm
55350090 40-59 ol 50580560 MM gbmds 264 deb-b J0sfg3L. s8sbmsbsgy,
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50 558056 86%-Bg dgBo 03bmzmMgPL  odIwo s LsdMsErm  FgImogErols
9309469d3do (Kautzky-Willer et al., 2016; WHO -Global report on diabetes 2016).

53LBEGHMMGOMWO0S, HMT B5dMH0560 039G 5350900 180 000 000-by
d9Bo  5sdosbo 20 gy Bogargdo sbogobss. National Health and Nutrition
Examination Survey (NHANES)-ob 9mbs399990L dobggom, 1999-0sb 2007 {Hersdg
50960030l 12-s6 19 {ersdg dmBs®mgddo s00bodbs 309000930l s Tod®mosbo
050930L dMdo@9ds 9%-sb 23 %-dg (Copeland et al., 2011; Pettitt et al., 2014).
505Lm9b6s39,  YymzgwhmomGs, dbmxzwomdo dsg@mosbo  ©osdgBHo  GHodo 1-ob
ssbermgoom 15 000 sbsgro  8gdmbggzs 30wobgds LHmeMgo 20 Hersdg sbiszol
30690do (Patterson et al., 2014).

bbgs 33093900 309)»0090L, MMAE Fod®m0sb0 ©OsdYEH00 Ym39wheror®ms©
53500935 15 iemsdy sbozol 79100 ds3d30 (Reinehr T., 2013; Dabelea et al., 2014).

2010 Heool Imbs3989000 FodMm0560 ©0sdgE0 509bodbgdMs 65 ferols s dg@Ho
3b530L AMbObEgMdOL 26,9 %-U, beerm 3609050930 50 % -U (Cowie et al., 2011).

NHANES-b (National Health and Nutrition Examination Survey) 33c939d0U
dobgz00 2005-2050 {iewgddo  8ogM0sbo  ©O0sdYGH0 8935 IOVIOMS  MOEb30
239635200905 (5,6%-12%) (Narayan et al., 2006).

o3 d99bgds  BogMmosbo  ©0sdgEBHOL  go3M39gdsl  29bgM o Bodbols
dobg30m, ©EOIOLsmM30L, AbMBomdo  FodM0sbo  EOVBYBH0?  O9350YOEO
0505353900L Mobgo 7%-00 d9E05, 30006 Jogdob. 356M5ME™MdIL, HMT gl bLbgomds
99656PmbgdMmo 0dbgds 2035 fierolmgobss (Guariguata et al., 2014). 4969690
OoLBSEbLO  Fod0sbo  @0sdgEHOL  A96305MGdOL  OML  EOILEH™MOYINYO0S
IM535¢0 9300930MmMy0Mmo 33wgzom (Fitzgerald et al., 1995; Grant et al, 2009;
Siddiqui et al., 2013), H3gd0E 5@IBEGHIOIOL, OHMA 358535390 99300 MBOM FoLOWO
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36935 gbEMds s FodM0sb0 0sdYEHOL A5630mMMgdOL Bowowo Molgo (Aregbesola et
al., 2016; Kautzky-Willer, et al., 2016).

50539 39696305k 5sLEHMEMYOL (mydas bbgs 30536093l dommomgdl) Bogalusa
Heart Study 33w939, ®@deol dobgwgomss 20 fganbg dg@o sbogzol 85953539080
35960560 ©0sdgEHOL 493039 9ds MBOM bdoMos (11,8%) goMg 53539 Sbozol
Jocrgddo (10,8%) (Wild et al., 2004).

39bL53MMBOM  FoEiEr0s FodM0sbo  OdYGHOL  A53MEIGds BTG5S
D30L 3946900l sdmbsgergm Mgaombgddo (14%) s 909300 dIW0s fiybsto
395600, 930399 s OLEgW0 Mga0mbgddo (8% - 9%) (Guariguata et al., 2014).

586030l 939969080, Losog 90 96M0L b bs3wgd0s MglMLgdo Fod@osbo
050930l 339MBIMBOLMZ0L /96 93 9350000L F3MMbIEIMdS (FoMNgZs) 96
Do0moabl  3M0MmMOGYBHL,  TodM0sbo  OdYGHOL  5M5EO0RbMBEH0MGIMDs
0900b393900s 9godergds dosefioml 90%-b (Kengne et al., 2013(1); Kengne et al,
2013(2)). d9Bo@, 0633935 ™I Jomoo Tgdmlogerol 4399690803 30, dodMosbo
©O050YBH0D ©55350JOM 30MMS JOHMTs IGUsdgETs 56O 030l 1530L0 935TYMRMIOL
dgbobgd  (Beagley et al, 2014). 85gM0osbo ©@0sdgEHOL  5G5@0sbMLE0MYdMwo
3900b393900L 60% dmEOol LsdbOHgM-s0TMBogwgm sH0sBY (35,1 Iewb) s Fybstro
39560l @sbogmgom bsfoerol Mgaombdy (74,7 db). dbmxyerom dsldEsdom, 0d
5058056900 84%, OMI9dTS3 90 03050 3630560 9350 YdOL Fglobgd, dmol
Q5050 S LyFMsm Fgdmbogarol J39969dby (Li et al., 2014; Pablos-Velasco at al.,
2014; Bancks et al., 2014; Ramachandran et al., 2014).

NHANES (National Health and Nutrition Examination Survey) 9dmbsggdgdols
dobgzgom, 20 oy dgBo sbs30L 19,7 dowomb 5990039l S©gbodbgds 9jodols
90960  ©OIILEGHMOPOMEOo  FoJM0sbo  ©osdgEHOo, bmwm 8,2 dowrombl -
©3HBMLGHYOJo  FogMm0sbo OsdYBHO 593, 9BsLMsbs3g, 87,3 B0Er0Mmb 5©0bL
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5096036905 3609050930, o3 b0dbogl, MMI 98 M3565L36gwom  TYG3YOHMIOW0S
5396030l dmbobergmdols 38% (Ginter E. and Simko V., 2013).

50Lsb08bs305, MMI 539003580 TodMm05b0 OdYEBHOL b  Fgdmbgzg3zgdo
LFoOOMOL 0bEOYgddo, sH0gEgddo s Ju3sbger smobmbigddo (Liu et al., 2009).
2007-2009 §rgd8o Fod@osbo  ©osdgEolL  osambo  oolgs 7,1%  s659L35bgen
0900356056900, 8,4% sBoger 53g9M039wgddo, 11,8% gLu3sbgergddo s 12,6%
5059L3sbger 8533960969000 (Centers for Disease Control and Prevention 2011).
3593569 M0 356056900056  FgMgd0  EOsdYGHOL 2930 Egwgds  18%-0m
9500 0ym B9 $396MH039wgddo, 66% -0, Fspswro gu3sbger sm0bmbigddo
(Centers for Disease Control and Prevention 2011).

2004-2006 §9dd0 Fod60560 ©OdGGH00D 9350 JOMWdOL HOEL30 MOXIE
PRO® o050 0ym 0bmgmgddo (14%), 3069 Pobgwgddo (6%) s 053mbgengddo
(5%) (Barnes et al., 2008).

239BL539MB0m  FoEsEros FodM0sbo  OSdYEHOL  A93MEIEXgds BTG ™5T)s
B30l 93994bgdolL 50mbagugo Mgu0mbgddo (14%) s 990930 sdE0s yboto
395600, 93MM3M) s L3I MgR0mbgddo (8% s 9%) (Geiss et al., 2014;
Tamayo et al., 2014).

gz9gws b 9mbszgdo, LO35MOMOME, ©d  9350Yd0LO©I0 396930396
396(gmdob“ sGBGOdMBDL MbBs 5LEIMGd©IL.

3560560 ©0539EH0m 535MdS 0538300 sL5300, AobLSIMMEMgdom 15 (ersdy,
31939 93w 9bL 833906 ggMmaMsx30E H9bwgbEogdl. Fod®m0sbo @OosdgGHO GHodo 1-0b
3d60036900m3560 B  900b0bgds  9g3M™M3ol  39BGHOICNMOH @S 9IMbIggm
9a0mbdo, Lossg 09650y gu o350 gds  B5303ms MGl bo3Egds  oym
393039900 (Dabelea et al., 2014; Patterson et al., 2015).

3560560 ©0sd9B0 GHo30 1-000 53500900 497 100 0538930006 26%
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@bm3mHMmdl  93Mm30L  Mgaombdo,  Looy  893Mgdowos  M3sbsbzbgo s
39bL53M9d00 LoMIMbM BMbo399900 FogdM0sb0 OsdYEOL sbogro F9dmbgzgzgdols
d9Lsbgd, bemerm 22% - BOHEOEMgm 589603565 S 39M0d0L B30l sMHBol MHgaombdo
(Dabelea et al., 2014; Pettitt et al., 2014; Patterson et al., 2015).

35960560 050930m  53500Md  LodoMm3gemb X obeoigol  3608369cmgzsbo

30MMdg3ss. 935000l 353039 gds J3999bsdo Herosb ersdg 0bMogds. 2014
Dol dmemb  GodMosbo 039GO0 9935090 Mo  ogm 85 957  5sdosbo

(369350963 MdOL 353969090 100 000 ImLobergbg dgoygbos - 2 306,3-b), o
fobs §gwomsb Fgsmgdom 1,3-xg60 dgBo oym. 2014 gl 0b306096EH™dOL
956396909ds3 10 000 dmbobargby, fobs §gwmsb 89wsmgdoom 1,4-x96 3modsdd s
586,5  09o@p0bs. sbgmo 933900600 Bs3gds  dglodwrgdgeos  v)35380M©IOMOIL
LB PZ93M 3OIMYM5TJOOL 203039 GIOL O 3OMBOWSIEH0ZNOO0 450M 3393900l
29bd0Mgdol  gmbBg  9350FYMBMS  Aodmzergbols  QomAXMBIGISL,  LoIDBPZI3M
36MOMyM539d0L  BGHod0Em  J0IObIMGMOIL s XIBIOMIMBOL  Logmzgwmom
©oHBM3930L  3OMaMsdom oo AMm339L (935 O 3MBGHOMMEOLs o
BoBMYPSOMYOM030 X 96IMMNIMdOL gPrm3bmo 39bEGMOL dmbsigdgdo - 2015).
505006539, 900b0dbgds GMHMNYIIMO ,053M5G 0l LObEOMIO®, OHMIgELYE
DGO oblbs xgO-xgMMdO 56 dmgdgobgds. TodMosbo ©osdgBHo GHodo 1-ol
0b63069bGH™MdoL 53969090 100 000 dmbobergbg 2014 Fawbl 53,3 ogm, Gog §obs
ol 35396909 Bg 1,32-%96 653009005. 256M90ml dBMO d0bIMMmGOOLS
153390L5 @O Logmao3bM3zMgdM Logbgddo GHmdlobgdol 3MbEMmEOl dgwdwgdermdols
306HMd9030, 31939, 99GH™0FMEMMO 9350Jd0L MOEb3OL ToE ool BMbBY, FodMosbo
Q050930 3030 1-0b 3egds d90Md 2odM33cg35L LEFoMMYAL. FoJM0sb0 OSdYEHO
A030 2-0b 06306@g6E™dOL BsB396909w0 30 425 0gm, G55 1,5-%96 509d53gds {obo

ficool 858396989l (@396 2015).
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05d00560  ©0sdgBHOL  OMAMmOE3 360935 gbG™mool, olg  0b30gbE™dOL
956396900l 353900l 39bgbiaos s0bodbgds 15 farsdwyg 853939030 (393 2015).

2014 ool 9mboggdgdom Fodcmosbo ©osdgBHo GHodo 2-0b 0bzobgb@mdol
9563969090 8-x96M 509853 gdMm©s FoM0560 ©OsdgEH0 BHodo 1-0b 0b30bgbEHmdsl,
053 093)-b53w9050 F9qLodsdgds LodbMmgo sdmMbogergm  J3996900L  SbsErmaowmE
05B396909wb (3963 2015).

595L006539, 5900560 ©0sd9EOL 0b(300096GHMBOL 5396909 ms FgsMgdom
300b6@gds, MM LogoMM39wmlb 3s5B39600wgd0 MBROM oo, 300069 93MM30L
93996990 Ladwmoem d5B396909wgdo (Atkinson et al., 2014; 39 2015).

050056 050936 s ol Mo 090056 053938060900 rEosemm-
9306m803MEM0 3HMdergdgdo.

45dM0sb0  ©0sdgEHOL 3om035 X 9bs330L LobEgdols doow
Qb5bIOMX GBS 053930060 gdo, 595b00b539, ol 59390903l
96MIoLMBsM0sBMOSL, s, FLodsdobo, J399bol  93mbmB03MMO  gobzomscmdol
A99390L. dbmxzwomdo, 2011 ol xsbs330L  LobGgdol sbsbstrxo BodMosb
©05093HBg 465 F0wo0sME© 53 MWHML F9509b©s, M3 XbIE35DY Fohgmwo
bosGrxgdol 11%-0s. omgzgds, Gmd 9u39dGHWOM0 © FsOoOm© bgerdolbsfigomdo
©mbolidogdgdols gobbmM309wgdols gocqdyg, gl dsB3969dgd0 2025 Ferolmgol 595
d0WosMH©O  OMWIME)  3o0BOMEgds (World Health Organization, 2016).
©9308396L0M9gdMo FodM0sb0 DY, MMIGLSE b sbEsgl oMM ™MEgdgdOL
oo MoL30, d93mbsgzergdol O IBs3EoLL 0f)393L s LsggOmbgl «nJdbols
306™36900L (Agbsds3oLo, MK sBOLS s Lobgedforml) 93mbmTol MM A5630MEGOSU.

5956056539, FodM0560 ©0539GHOL BogMHMITMMHOLM BJIMSE00L Jmbsigdgdoom,
565653 gd 175 doombds 55805635, 9699 53 3500MWMYP000  5535JIW DS
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960036900 m35685 bofoends 56 ogol 0dol dglobgd, MM 543l dod®mosbo osdg@o.
99G9Lo, gb FodM0sbo OsdgEHO G030 2-05 (International Federation of Diabetes
2015).

35460560 ©0s0gBH0 BHodo 2-0L oo 85%-U 50gds@qds. Gmam®a fabo, gu
9563969090, Fs@owo  99dmbogerol  §399690mab  FgeMmgdom  MBGM  FoWOW0S
LSIMOM S EBSO  Fgdmbogerol  d399690do.  J3946gdol  BgEgLmdsdo

390GHNOMO 5 BLmEosOo  (33¢0gdgd0l  domow  39d39dmab 9P mo©
(8cLsbEgMdol sd)MYds, MMHBdIBODSE30, 3390000 B393900L S MO0l 330D,

530H03MO0 593H03MmdOL ©OJ390009ds S (3bMZMOOL  SMVXBLIVO Falo) TodMosbo
Q0509B0M 53500Mds Fo@emdl (Ginter et al., 2013; Beratarrechea et al., 2014).

MOmameO3 9o, oby ©smod  J39969030  Yym3z9gmom@me  0BOOYdS
35460560 ©0509EH0 3030 1-000 9350 JIMEMS HOEHI0E, Y33, OHMAMOE HBgdmm
53060869m, 5960560 ©0dYEHOL gl BMEMTS A5(30€gd00Y 030500, 30Q0MY WOSOYEHO
A030 2 (Guariguata et al., 2014; Beagley et al., 2014).

359460560 Q0509 BHOM Q9535 YOM 30690do 0635¢00MdoU,
103300 056MBOLY s 3FBM3MGIOL booLbOl gomsegligdol §s89g3s6 dobybgdL 53
553500900l 3500093900 [FoMmdMogbl, o3 9dodg GH306MHmo© {93l MMAMO3
Q0553500900 5Q5d05B0L MR BL, sligg9 LoBMYsMYGdSL FNEP0sbs.

95J60560  ©0539BH0™ 95350V 30MdT0 oMY gdYdTs  FYOIEGdS
90335l MMM Lb3oolbgs mMsbm, ol 0mwosbs ®mGmYBoBTo. EOHM™MS
3968530 Md5d0 FogdM0560 09GO 5D0sbgdL Mlis s LOLbEPAsMP3gdL, M35¢gdL,
69O3me  LobGHIsl, 0639w gdL,  ©30dWwl; 933968 BOEOL Aol
Q055390090900L5 S 0bLEOL 29b30m5Mgdol Gol3L (Fox et al., 2004; Fang et al,,
2006; Fox et al., 2007; Fox et al., 2008; Goldstein et al., 2011; Shah et al., 2014; Peters et

al., 2014), ULobbgools d0dmg3gaol oMmM3935Lmsb  3mddobsgosdo  ofj393L  J399m
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3000MH900L 6goM™m350m0sl (Mettelinge et al., 2013; Chiles et al., 2014; Iftikhar et al.,
2014), D60l GH9OxbHg Fywmargdol gobgbol 9glodegdanmdsls s Ladmermm Kxsddo -
300MHgd0L 533 BHo3ool MoblL (Alavi et al., 2014; Martins-Mendes et al., 2014).
35960560 ©058930M5 4563003900 LOdMIS30lL Fgdmbgzg3zsms 1%; O0sd9EEOO
M9BHobM3smos,  OMIgwog  LodMIsgol  ghm-gho  3bodzbgermzsb  JobyBL
DoM0moaabl, 30005MEYds  BoOHOL  fizMowo  LolbErds®Eggdol  Johmbozmwo
sH0sb6900L Iggas© (Zhao et al., 2014; Zhao et al., 2015; Petropoulos et al., 2015;
Yang et al, 2016). 85JM0sb0 ©@0sdgEH0 006030l  ©93d56MH0LMmdOL  gHo-9MHmO
doMomso dobgbos (Centers for Disease Control and Prevention (CDC) — 2010; Boer et
al., 2011; Wanner et al., 2016).

5060g5@, 35dM0560  ©O0sdYAHOL  MmM039  BH030LOMZ0L  sTobILOSMYOYEO
Jeombogmwo  3039Mymo3gdos  bsbBoMfiyemgool,  owgdols s  3bodgdol
3939dmmo dmdwoo (American Diabetes Association, 2009), 3s0mgqbgbdo IMogoen
mO90mb 0mMggl (Hotamisligil, 2006). 9ogosbo @osdgBHo Godo 1-ol  dJmbg
0509535(3900L ®0oL30 2-LolbErdsMmM3Ms 9350 Yd0L Lo3z3EOEMdOL dobgz00m
Q9bErmgdom 10-x 96 Fo0oer0s, 00 3535353900056 900900 OMIJWMSE 5O 5J30
35J60560 ©0sdgEo (Orchard et al., 1990).

33530000 33¢093900L  3Mbo39dgdol msbsbds, BogMosbo  ©0sd EHOL
sboen §98mbg930ms 1AMO3wgLMds 56 (396) 3¢00bYdS 5O BEs0sYY (Forouhi
et al, 2014). 6OmamO3 Bgdmom 503608bgm, TodMosbo  ©osdgBHo GHodo 2-ob
39000b393900L 0O oo 5MH5OSRBMBEH0MYdMwos (Li et al., 2014; Pablos-Velasco
at al., 2014; Bancks et al., 2014; Ramachandran et al., 2014). 3603369¢0m356 30rMdEgdsls

DoM0moaabl A 3mBols©do  BHMEGMBEHMIOL  IMM393s  (30YEOVYHO -
9aMdoMgMds, MMEILSE 3W3MBoL MY 50goGgds BraMAsL, Fog®sd JodGosbo
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050930l ©05ABMLGH03MO 3M0EIO0MIPL 56 53059mzogdl) (Bonomini et al.,
2015).

0936 94399456580 FogdM0560 ©0sdgBHO s BoLo FIMMMEGOgdo [otBmoEA9bL
65006930 10330W0sBMdOL JobgBL (Nwaneri et al., 2014; Zinman et al., 2015).
(B9mMgds)

ym39wheoméo dbmgeomdo 3.4 doombo 5530560 00390y FodMm0sb
Q0509A™M0 3930060930 oM gdgdol  dodm.  TodMosbo  0sdgEHOm
1033000 056Md0L  Momddols 80% sdow s Bsdmoerm  Fgdmbiogergdol djmby
939946939 dmeolb (Huang et al., 2014 Zoungas et al., 2014). 3-Lolberds®zms
LobBgdol 93503900 MOl TodMosbo  OBYGHO® 49350 YOMEGdTO
1033O0BMBOL gPM-9MMO 3500 B0BgbBo (Go et al,, 2013; Dregan et al., 2014).

dmbml mbs3gdgdom, 583-do FogdM0sbo 0sdYEHOL 8jmby 353096@9d0L 80%-
ol bo3z3ool d0BIHO JSMPOM-35L3MIMOHO  S9350JOJ00s, Fo dmMol 75%
300l 03990996 5535009090 dmol (Bonow et al., 1996).

936m30L6  ©9a0mbdo  FodM0sbo  OsdYBHOL  JOMOMIE IO GdJOS©
d0Bbgmos  bgo®m3smos  (16-34%-80), bgg®m3smos  (8,5-16%), 69g@EHobm3smos
(10,5-45%) s 390l 0899000 s9350gds (4-26%) (NCDC-2014).

95J60560 ©0539E0 H030 2-0L SEMIME0 EOPRBMBEH03S S 83MbsEMdOL
OMMYwo  ©hygds  gho—gdmo  3bodzbgermgzsbo  d9M39G0s  8dodg o
d3060500MgdMwo  93Mboemdol  LoFoMmgdol  ddmbg 49O gdoL
36OMB0Esd3H0308m30L.  FodMosbo  ©osdgBHo  GHodo  2-0b  3OMBOoWsdBH03o
96003690 m35605 439as, goblis3m©Mgd000 B0 s Ladwmserm Fgdmbogerol ddmby
9399469d0Lsm3z0L (393 2015).

3oLOM35eoL0bgdgwos, MHMI FoJM0sbo ©osdgEBHO GHodo 2-0L 36939630
»dGo3wgl  9gdmbgzgzedo  glodrgdgeos.  s3sLmsbsgg, 98 5350 gdol  (dolio
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3900 q0900L) 83MMbIEMBOL boxgdo 4930wgd0m 5©gdsgds 369396300LS s
3MbGHOHMoLsmN30L LoFoMm botxgdl (American Diabetes Association 2014; Alwin et
al., 2017).

2. BabGHMLEGHIOMbOL Mo F9dH0s60 OBYEOL Jshm3z5do

MMamO3 B0mm 503608690, 3969MMEo OLBEPBLO FodMrosbo OsdYEHOL
396300569001 OOML OPILEYIMYOME0s FMOZIO G30EITOMEMPOMEMO 33¢J30M
(Fitzgerald et al.,, 1995; Grant et al., 2009; Siddiqui et al., 2013). doBRbgmeros, 03
35960560 ©0sd9BH0 MBO® 3dodg FMMIom F0MIMEIOS 35053539000 (Aregbesola et
al., 2016; Kautzky-Willer et al., 2016). 939, 0580096009 BsdEH™MOO 03538060900
3b™360900L  Falmsb, 2oMmdMLMID s LMEOsWE-93mbm3o3MEG  LEIGHMLMmSB,
3930gbsl obgbli 853535(390L5 S Jogdl FmMol FodMosbo osdgEOL [obolifo®
39609gmdoBY, gob30msM9dsLs s 3006036 259M306gdsBY.  Lolidglm 3mEIMbgdo
QOE 293¢ gboll bbbl 9b9gMRBH03M  33wDY, 9MBOYMBIBY, Lolberds®rmzms
RbJ30sBg o BMgdom Mgodi3090bg (Kautzky-Willer et al., 2016). s0fgbHowos
AIBAHMLEHIOMbOL  3m6396GHME00l  LOGOIMBbM  ©og390mgds  BmamEE  dod®mosbo
Q050930 G030 1, oby odMm0sb0 ©OsdgEHO FH030 2-000 95350 YOME F53535(3900L
Lbobberdo. Lobberdo  FHJLAHMLEGIOMBOL  3mb3IbEGHME00L  sdzgomgds  0fh)393L
030080 393HodMmEMM0 3MM3909d0L EMM3935L, FodM0sbo osdgBHO GHodo 1 s
G030 2-0b 9dmbg 85853539090 3039600399058 @5  0BLYEObMYBOLEIbEHMOSL
(Grossmann et al., 2008; Holt et al., 2014). @sbsd)NGOMYWs© F90dwgds dogzo0Rbomo
LoLgbm 3MEHBMbYOOL Qo3 gbs 35630MgoLOL PB-xM9gddo 0blwyerobols 1g3MgEosLs
5 ©30dwdo d0d0bsdg dg@sdmEe 3OmEqLgdHy (Morimoto et al., 2001; Shen and
Shi, 2015). o9 @g930m35w0obL{obgdm, MM 3935GHME0GHIOL s PB-YxMHIOIOL 530

MOMYMO3 Jogrol, obg 959535306 bLobdgbem 3mMHIMbYdOL M93g3EMMJd0, MMIGEMS3
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59300 M50 96MdMm030 9Ju3MLOOL (33w0EdOL (,3gdOLS s ,T93JdOL ) MbBs®O
Lbobberdo  Lobdgbem  3m3Mbgdol  3mb39bEMoE00LsRsb  ©IM30YdIMWgdom,
390dgds 303509 M®m, MMA FodM0s60 ©0sdgEOL F0dobsMgmdolsl, Labdobm
363Mbgd0L Jomgdsls 9dos 4s9mofjzoml 3563M9gLobs s w30deol BwMbdzom®mo
59BH03mdolL  33e0gds, Mo3g 9gBwdbgds o3 MMABMddo  Lobdgbm  3GHAMbgdol
693393GH™Mgd0L  9Ju3OHgLOOL  (3300dIL S FomPb  vIOHMI MY g
999560d900b.

960083690 m3560 353806M900L 5MLYOIMdS 03390095 SBOMYGbOL BoJergdmMdslss
s 0ogMmosbo  osdgBHo  GHodo  2-bL mMobL.  GHLEGHMLEIOMbo  bgdmddggdl
993906 LobEOMABY, 0blwobMGDBOLEHIEEHMBSBY, 89gas® 30 - byl »MHgmdl
LoLbEdoMmM3900L 35MMEIMAO0LS S TS0 FoMMIEGdgdoL (eols s GH30bol
00930160 593500905, 0000339 g00L  3500MEOMY0S,  JOWIOHIOOL  (30603)SFO0L
dmds, 96994300 OLGMBI(305) 396306MGOL.

AIBAHMLAHIOMbOL S0 ©EMbg byl MFymdL 0bLEob®mgBOLEbEHMdOL
3963000060905 - F9damdo 30396Mw039800m, OGHIOH0Mwo 3039MHGHYEbBooms ©
©obEr030Yd00m, 53, Mo30L dbGMO3, BOEOL  LOLbEdsMHPZM3560 535D JdOL
6oL3L (Simon et al., 1997; Stellato et al., 2000; Oh et al., 2002; Dhindsa et al., 2004;
Rhoden et al., 2005b; Pitteloud et al., 2005a,b; Corona et al., 2006; Kapoor et al., 2006,
2007; Selvin et al., 2007; Fukui et al., 2007,2008).

653969000, MMI 9bMmabmMo  EGHLEAHMLEHIOMbOL odowo  3MmbEgbEHMOE0s
3MOHgoMgdL Jooro sOGHIM0Mwo (6930l sh39690gdmsb (Kannel et al., 1972),
Mo3 BOHOL Jotsbgbs 356M3MmFol 303gMGHMMAoolLs (Kannel et al., 1969) s gm0l
©1305600LMdOL gob3z0msMgdol Mol3L (Kannel et al., 1972).

3560560  ©0sdgBHO ©@d  0bLYIOBMHIBOLEIBEGHMdS  AsBobogds  Gmymbs
39®90MmmH0 LOBEOMIOL MO IMNs35M0 3M3MbY6EO. MMM 90360869m, WL
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Abmiomdo 85dM0sbo osdgBHO FH030 2-0L og3M(3gwgdsd 33390005 0ds@s s qu
Do60moqbL dmem 5 smfergmeols 9ob3s3wmdsdo FoMdo {mbols s Lodbvydbol
9330000  FoBgdols  sbotg3wl  (Steinbrook R., 2006; Parikh et al, 2007).
0905030099905 0L Bog@o, MM JgBsdmmwmHo LobMmdo, Mol JoMmOMS©
3M33mb96EL  0bLYEobOIBOLEIBEGHMdS  FoMTmMmoagbl, 909gbodbgds  IMBIGLYdOL
4,5%-1 (Ford et al., 2008).

05053539030 5006036905 939935380600 BHILEAMUBEIOMbOL MbBLy s FogM0s6
05093L dmcMob (Saad et al., 2009). FogMr0s60 ©OdYEBH0 5350 JOM F5T535(390L
50960369050 FHGLEHMLEBHIOMBOL B MY, 00 8595353900LYsL 2oblibgsggdom,
OMAgmS3 9O 59300 FogMosbo osdg@o (Stanworth R. D. and Jones T. H., 2009;
Stanworth et al., 2009). 5b939 993939300600 5OLYIMIL  FJLEHMLEHIOMBLS s
2303mHBoMden 39dmamdobl dmMob (Stamler et al., 1976). bbgs 330939005 sB39bs,
O3 3500 BHILAHMBEGIOMboOL  dJmbg 85853539080  FodMosbo  OsdgEHOL
39630056Mm900L MHoL3Z0 42% - 00 MBOM EIBdsos  (Ding et al., 2006).

©OILEHMOGOM0S, (OION) 99@90MOHO Lob®mdo 069653
dm30603Mw5309 BHILAHMLGHIOMbOL MBI, bmwm sdswo GgbGmLEgmmbo of)393L
99Godmy® Lob®mmAl (Stellato et al., 2000; Laaksonen et al., 2004).

33193900 5Q3LEWMIOL, MM BIWo GJuEHMLEGHYOMbOL dJmbg 859535390l
5930 85d6M0560 ©0sdYEHO FH030 2-0L gob30mMgdOL Boroeo OB S MHMI IBSEO
ABAHMLGHIOMboL  ©mbg 8godwgds 0oymb  BogMmosbo  ©0sdgEHOL  gobgzomamgdols
3609009dBHMmO0 (fobsddmzs®mo) (Haffner et al., 1997; Stellato et al., 2000; Oh et al., 2002;
Rhoden et al., 2005a,b; Shores et al, 2006; Selvin et al., 2007) o 3oModom,
AILAHMLEHIOMbOL FoEsEr0 MboL G9dmbggzsdo Fod@0sbo 0sdgEOL gobgzomsdmgdols
Golgo 96009369wm3bs sdseos (Ding et al., 2006). gl 935653690 @OL336s
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993dbgdm©s 43 33w930L  Fodmborgel, MMIWgddol 6427 85053530 0WJIS
9dmbsfogmdsls (Ding et al., 2006).

LogOmm  GHIBGHMLGIOMBLS s 0blEobOHYBOLEHIBEGHMBSL MGl
©139935300600L 33¢0g30L5L (Andersson et al., 1994; Simon et al., 1997; Pitteloud et al,,
2005a,b; Osuna et al., 2006) 503mhbs, G®MI 5060360 3MOHGES3E0s MBOM ToWIWOS
05300585 BHILEGHMUBEGIOMbMD, 30O Lsghmm FHJuEMLEBHYOMBMb (Rhoden et al.,,
2005a,b; Basaria et al., 2006). 535139 5@BEGHMOIIL Moberglo 33¢939d0L F9wga9d03,
MOMAgEms  bsbdosg  Loghmm  Ggb@mbBgOmbol ©mby dgdgomgdwo  ogym
05d60560  ©0sdgBHO  H030  2-000 5350  Fodo3ogms  43%-80, bmeom
5306850 BHLEGHMBEGIOMboLs - 57%-00. dbgogbo  BH9bgbEos  5©0obodbgds
05960560 050930 3030 1-0b EOMLLE: 85953539008  7%-b 509gbodbs LogHmm
AIBAHMLAHIOMbOL  B53egdmds, bemerm 20%-U - 05306BsO  GHGLEHMBEGHIOMbOL
Q05¢0 by (Grossmann et al., 2008).

.b0dMmbol 33¢930L dobggom (Simon et al., 1997) LsgHom GHaLEH™LEIO®bO
306396¢ o305 8608369c0m3b65009 5353806900 MHIMm© Lobberdo oblvyobols
©MbgHY, bemgwm 15533900l J00gd0EIL 2 Lssmolb 899y - Lobberdo 0blwwobol s
30 30Hol E™bggdbyY.

6583969005, M3 0bLYEobol ®bOL dsFgds s  Bogmom GgbEMbBgOmbols
Q%50 mbg 89godegds 39300630 0ogml Bbgmebg 3bodol 25obsfiowqdslimsb.
X. Mbbsd ©o5Y0bs BHILEBHMLEIOMbOL Mmbol 36083bgwm3s60 M3IMIOHMIMGOE0S
Dgeol  496390mF9gM0wmdslmsb, Lbbgmeol dsbol 0bgdumsb, 0blmeobmsb o
HOMA o0bpgjumsb (HOMA obwgjbo - homeostatic model assessment of insulin
resistance). gMMOQE MO0, g  F9IRJO0  FoMDOMGOL, MHMI  F53535(39000
AIAHMLGIO®BL  Jgodgds  Jmbgl ©s83s30  BBJ30s  Fog@mosbo  ©OsdYEOL
Hobssmdgy (Osuna et al., 2006).
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gbolbs @ 00539 35309631 bdoMo  ML3sTgh  gOHOOOMMMS©
3030mbsoBdols s FodM0sbo ©0sdgBH0 G030 2-0b 0sabmbgdl (Dhindsa et al.,
2004; Kapoor et al., 2007). 535056539, 303mambsc0bBdo «Mudm 4530M(39gdI0s
bbgmeool  Fo6do  dsbob  3dmbg  FogdMosbo  ©osdgEHoL  8dmbg  3530963H90d0, b
35309639080 ImMd0wyero Lodlmdboo (Lbgwmwrols dslol 0bgduo > 40-%g). 1100 -by
d9BHo  05053530Lgo0  F90AeM  xamxndo, x. 3JOM™bHSI 309m0330s, M™I
30303mbs@oBAL  MBOM  FoIWO  IHPIO0MO  3MEIGES305  5d3L  30LEIMIW O
3b03msb, 300069 FodMm05b6 0sdgAHL (Corona et al., 2007). sdsbmobsgg, 658396900 0dbo,
M3 303mambsobdo 0blieobols s yer3mBol mbol ds@gdol MM Aoy
M0oL3 BoJBHMOL FomMoYgbl 30Oy FoMdo mbs (Pagotto et al., 2003). b. ©30bLSD
3b939 9B396s5, M™A 50 ool d989y 303MyMbooBIol d98mbzg3900L dogds Lvmen
RO 063H9bLOoYIMHO bgds ymzqgwo dmdg3bm 10 ferob gobdsgermdsdo: 50-59 fiemols
Sb53MIM03 xamido gu FoBgds 24%-b 99oagbl, bmenm 70-79 ferol sbs3zmdMog
X35do - 55%-1 (Dhindsa et al., 2004), 53 byl mbs Mfymdgls dmbwy3qddo fmbol
9539055 5 FodMH0560 0sdYGHOL 49B30m569gdsls (Cowie et al., 2011).

6. 351399508 5©IMoB0bs, MHMI  TogdMosbo osdgBHO G030 2-0l IJmby
5Q05305690L BdoMmo 509b0odbgdsm Lodlmdby, GMIgeros, megzol dbGOZ, Jgodergds
0ymb 3609369em3z560 M0L3Z-335BHMM0 0930LMBHE0 S LOgHOM FHJLAHMBEIOMBOL
390306M9d0Lsm30L s  MBIME  0bLYYEobol  MoMmgbmdol  IMTsEgdoLIMZOL.
53596539, BmMTser®o mbol 35353539000 Lgoo GOLI-BodBMMOL SOBYIMdS 56
©LAHWMOEYds (Pasquali et al., 1991; 1997). xsbdGgew, 5939 ©OS0YEHOL sGIJmby,
00050 FoMOHMB0sD 350535339008  XaMBgddo, OMIJ®OEg  JE3MBoL (33
99MHM350 0sHBMJLoOL Fowgdol T9IRS©, s0IMAbEs, GMI 0blmErobl 593l
in vivo  GguAHmbGgembols  §o08mddbol  LEG0IMWsEool @,  9893OMMS,
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b9gJu-3mE3mb 99353530060 9dgwo  amdmeobol  (SHBG)  3mbggb@®ssool
©59390m900bL bs®o (Pasquali et al., 1995).

5. 0LOEMMOT S MobsI3EHMMYDTS  HSILEHMGL, BT 08 5056,
G0dgems bbgmeol dsbol 0bgduo 303/0*-Bg dg@0s,  MHBIm© 9509b0dbgdsm
0bLeEobol, 0blvyeobMgHoliBgbEHmdol 0bwgduols s C-3g3GH0ol La®fdxbmo
3O 5000, bmem GLEGHMLEIOMbOL sdso dsb39b90gd0, 00 55305693 b
3905609d0m, 30L0 Lbgmol dsbol 0bgdboi 3032/0%-Bg bogergdos (Isidori et al,
2000). 3. 3Mobds 03565, MHMI Lbgol (3bodol gosbsfowgds dgbodgrms
39309bsl 9bgbgl LogMmm FHJLBMLEBHIOMBOL B E™bglls s 0blwwobols
935390 mbgl dmMol 3030069 (Blouin et al., 2008). owdss, b. 3o@GHgwrmds
3Bg9bs, MM  Lbgmols 5390990l 969Z30MM0  2o3egbs 943l 3EroBdsdo
AIBAHMLGHIOMbOL  3MB396GGSE0Ls @S 0BLYYEObolsdo TyMAbmdgEmMdsls dmEmOl
MOHM0JOM3539060Dg (Pitteloud et al., 2005 b). . os3bmbgbTs @S MBs53EHMEMNOTS
395835L9L  FodM0560 OsdYEHOL 9MBJMmbg Fsbbols 1896 3ods3530L Bobsoliosmgdargdo
39@90Mmm6  LObEMmMIMID 908560 905d0.  50dMmBbs, MM JESOMEYGO
Bob®™MIol dJmbg 306HgdL  MBIME IMIsEHdwo 3Jmbsm 0bbvobols mby,
b ©sgd39000909wo - Boghomm GHgLuBMLEAHIOMboL mbg (Laaksonen et al., 2003).
390 5oLy, 0. FMWgMTs O MBs93BHMMGdTs  MB39bgl, O™  FMTdE OO
ABAHMLAHIOMbo s BydL-3MEIME 890535300609090 demdmeobo (SHBG) of393L
0bbEobol d08s6mon  FYMABMOGMOOL  oBgdsl s  Fg@edmeMo  LobM™aol
MoL3oL 999306Mg0sL (Muller et al., 2005).

3bmMAbgd0L 90339000l MgMS30s, o3 bJoMms 06083bgds  3OMLESEOL
Lodbogbol MML, BMEOL  0bLwMEbMHGBOLEHIbEHMOIL, ImJdgEadl  Jarwy3MBol
99G90MmoBIbY @, Fgbodems, bgwl MHgmdgl Fogd@osbo osdgBHo GHodo 2-ol
396300006)905L. 8. WX 98 50FMB0bS, HMP F5JMH0560 OsdYEHOL 29630Ms¢gdOL GrolZ0
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3bmMqb9g00L 50339000l MYM300L ML Fgoagbl 1,36 (P = 0.01) oo H™I s
35309639080 B5d60560 ©0sdYEHOL 9b30msM9dOL Fomsero MOL30 SMLYGdMOL 1 ferol
396853 mdsdo, 85d0bog 30, MMLs3g 808EObIMYMBL  olgmo  3MBIGEMMYOOL
3694305, MHMIWGd0E 3930009 M0s SB53MD, LME XbIMMYEMBLMSD
39bL539M9d0m 303960 E6BosLD (Lage et al., 2007).

36OHMLEGEOL Lodbogbol dJmbg oligmo OsdYEH0b0 353095FGHIOOL AooY3560LL
3bMHMy9gb9gd0oL 503390008 MYMH305DY, OMIGWmsE 839MbsMdEIE 0blwobom,
3b®mMAqbgdol  s©339m0oL 8999y  0blobbg  FmdbMmzbs  MsbsMbmdom
0DMYdMs. 50b0dbMEolL byxdz39W DB 2939 OL336s, M  SbEMMYgbgdols
503390008 oMYmBomo  Bgaogwgbs  9dal 0bLEob®gBoLEIbEGHMdSDY s
2003930599 3OHMLEGHoGOL Lodbogbolb djmbg 35309639000 (Haidar et al., 2007).

BsB396900 0db6s, ™A Lolidgbm 3mOHIMbYdOL T9Fy393o0 2 330M0L gobdsgzermdsdo
259mofi305  0bLYErobols JodsM  YMIbMOYEPMBOL  ©IJ37J0MJOS  OPOMISPOMMO
303MmMbsmE®M3Mo 303mMmbsoHBIols dJmbg sHsER DM 805353900, M3
sblbgl 0dom, M GHYLEHMLAGHIOMbO 300306 B9ImJdggdsl sHEYBL 0blwerobols
9363dbMmdgmdsbg s MM gl d9JoboBdo O MOl IRMIbYdIMWO MEYRBOBIOL
539099900l (8o FmMoL  3B0dM3560 Jum3z0e0Ol  2ob30mMsMYdS-45sbsHowgdoL)
330 gdsbg (Yialamas et al., 2007).

dgmeg dbM0gz, 9MOLYOIMBOL  FMLOBEOYOS, MMI  SBOMYI6gdOL  ©33560LMDS
39G90Mm0BIoL 3OHMELOL 4999569g1gdoL F9EgR0s s 56> Jobgbo (Chen et al., 2006).

50gbs, o6 ML  odmEOoEbmwo, MMmI  Slgomo  MOPNOYMNJI)IdS
m®IbO0305. . BLAOGEHTS 450M03305 SBOMMYJ67d0L 503390l MYMHS300L 9539JEHO
0bLEobol  E™bgbg 3OMULEGOL Lodbogbol dJmbg 3530963 9dd0. 12 33060l
396853Mdsd0  ,3MbsMGHMM30b6 Howoboby 3mImbol” (GnRH) spmbolidgdoom
93790b5emdsd 85853539000 259m0fj300 03mbBoMGdMEo 39dmymdobols do@gds
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@5 0bbyerobol dodo®mo IOHAIBMBGEMdoL s HOMA 0bpgjlol sdzgomgds (Smith
etal., 2001).

0bLEobol E®bol 33w0Egds YIS 3MMY0MmYdL Bbgmeols 3bodols
ool 33e0gdsLbmsb (Dockery et al., 2003). GguEH™ULEIO®OOL Bogargdmds of393L
303960bbwe0bgdosl, bmem 6EMm™YgbgdoL s©3390L MgMs30s ofj393L “YHBIm©
239)3mHBol EMbol do?gdsl (Nishiyama et al., 2005). . 05699p0b 33¢09350 MMIGE03
85 Mg 3MIgIdMEs, B39bs, MIMT sBEMmMYI6gd0L 5033900l MYME305DY dymas
353096()9030 3mbBol s 0bLYIEobOHYHBoLEIbGHMdOL mby (HOMA o0bwgduo)
0053)90l. 53 33e9350 Sb530 s Lbgmol dsbob 0bgdlo 9BV 56O oym
(Yannucci et al., 2006). . 3556055 3309300 (boSE F9BOMPMWO 0gm SBS30
bbgmewol  dsbolb  0bgdbo) 03 353096¢JOL,  MMIWgdo3  03YmFBgdM©bIL
36mMq6900L 5033900l MYMH5305DY, 0blvEobol 360d369wm3bsw MAGM Bswswo
©Mbg 509608bs HIM, 300069 3OMBEIGHOL LOAL03b0sb 35:3096(3)JOL, BMIgdos
560 009mxygdmEbgb  5MmMY96900L 51339000l  MMS305DY; 03039  F9IR0
©55304LOMES X IBIOMYE Lo3MBEHOMWM Y aRol §9309ddo; (Basaria et al., 2006).

9L 33093900 5QLEHWMIOL, MM SBPOMAI69BOL 50339000l MYHS305, S G5
31530 s bbgmemols dsbol 0bgdlo, MOl 300306 3sLbolidygdgwo MHBIME
0bLEobol EMbols As@gdsby.

3905 BgIMobodberols, L. 0sLs60sd 35853539006 Lsdogg  5bodbwmem
X3MBA0  50BMBobs  Booro  MoMmygmBomo  3MMGoEos  NBIMO  Jy3MbBob,
0bbmeobol s HOMA 0bgdbol ©mbggdbs s Loghom ©s 0530L¥535¢0
AIBAHMLEHIOMbOL  MbBggdl TmEOL. 03  353096@9O0L  MOMIbMdS,  MMIGEMS
239)3mBoL 3mb396EME0s MBIM® 0ym 2126 Mo/, 8950039605 9bEMMYgbgdols
5033900l 3963009 dgmxzo  IOMLEGHOL  LodLogbosh  3530963Hgool  44%-U,
3bMHMygbgdol 503390l 9M305Bg 96  dgmxzo  3OHMULEIGHOL  LodLogbosbo
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353096900 - 12%-UL, begrm xsbIOmgE xanol §9300ms - 11%-b (Basaria et al,,
2006).

b. 853560l 396M59©Oom, 56EOHMA96900L 50339P0L MYMS305 SMIME 93Dy
(3-6 39 0f393L  T9BHodMEOBIOL  IMM39390L, O3  SLMEOMYOME0S
303960bbw)e069300L 2963005605dLD, beagwm boba®dwwog mgMadost (12 m3g s
d9®H0o)  003Ys35mm  Fogmosbo  ©@0sdgBHOoL o  FgBedmeymo  Lob®mdol
3963056905656 (Shahani et al., 2008).

3030m3mbs@oBAol O™ 85353539030  BHYLEAHMLGHIOMbom  83OBsMds
59306 90L 0bbmeEobol ©Mbyly H3m, dog™sd 31939 59306 90L
0bLEobOBOLEIOEHMIL.  0blobols 808sM0od  dMBsBgdmero  IPMdbMdYEMBS
350 “MHYMBO” 3MEOHGE9(305005 Laghmm EguEBMbEOMmbol mbgbmsb (Marin et
al., 1992; 1993; 1995; 1996; Pagotto et al., 2003). 3. dm0sbmgds sLggg 5B3965, M™I
35960560 ©0509EHOL IJmbg 08 859535390L, MMAd0E Lsdo ™30l gobTsgErmdsdo
0090696  BHgLEAHMLEHIOMBL, Lofiyols 539690 gdMsb  FgsMgdom T9MI30MHEm
MBINDY  gum3mbBol ©mbg,  Fodolb  Tgdamdo  ay3mbBol  ©mby o
3W03MmHB0MOME0 39dmymdobols ombg (Boyanov et al., 2003).

©. 393796M0L 33930l Mobsbds BHILEAMLEBHIMMbOL 839MHbsEmdOl Fggyo®
0bLEob HIM30YIMWDs 35309639035 T959;30609L 530560 MBs Lsdwmseme 7
9emngmwoo (Kapoor et al., 2006).

9. Bs3s6bod  sB39bs, MMI  BHLEGHMLEIOMboL  boby®dmogds  mgMs3050
300 Ix MdgLS 0blwEobols ods®or AYOHAbMDYMdS s 89933065 Lbgmeol bodols
dsLs. 81939, Bo35MLOL 33HI0EIO0M, M3 MTRMM Fo0s BHILEHMUBEHIOMOOL ,,geEs,
doo 9RO™M 095¢)gdL 0blyerobols dodsmo IMIbMOdgEmds (Naharci et al., 2007).
50539 9OLEGHWMOL b. 30GgwmMEOL 330039053 (Pitteloud et al.,, 2005a,b).
b 39BLogMEMgdom 3603369 ™M35605, MoEAD  JoMmomgdl, Gmd  LyFoMmMos
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AIAHMLEGIOMBOL  bmMIoL 9o B  Mbol  (Fobodowr®mo  sh3z9bgdeols),
565990, 3505¢0 ®bOL (BoduoToeMo dsbgz969dw0l) dowfigzs (Agbs®R69ds).
ABAHMLGHIOMBYL, gors 0bLbEobols Jodstrm TgMHAbmdgEMdIBY 9a39dE oo,
d9L5dEMd JMbgl 3063000 2o3wgbs 356536MgoLOL B-Mx9gdby (Morimoto et
al.,2005). 396dmq, 656396900 0db6s, , G JoLEGHMOMGdIMEO 3bM3gEgdol 356309gsLol
X 6909030, LEHMI3GHMDMEGME0bom  AsdmMf)3gMwo  9JudgModgbE o  dodemosbo

©05093H0L 3MmEIHBg BHILEGHMLEGHIOMbomD MgM305 BYIMYOL B-xM9JdOL SOOI
33M3GHMDBUL.

MOmamOE  500b0dbs, 9bEMHMYgbgdol ©IR0EOE0 356 MWL 1sd5dMBL
993Ho0m@mo  LobEM®AoL, TodMosbo ©osdgBHO  GHodo 2-0b s  0blvmeEob-
M9DBoLEIBGHMOOL  3o00Mm9bgHBTo; sl slg3g B0BzbgErmzsbo  (zeowo  FgodaL
503mygbgbLy s  30LEIMIMEMmO  3boTol  orMM390580, MLYE  80394s35MH™
LodLw)Jbols gob300569dsdY.

30L(3965Mo  (3bodo GMbd0mboMgdl Mmam®E 9bm3Mmobmwo MmMbM,
G0dgoi  9foMImgdl  dMo35¢w  Jumzowls @ MERYBmDBy dmddg  sbomgdol
Bofioboomdgam  303H™30690L,  HMIwgdog  BOHOL  0bLYIEobOHYHBOLEIBEHMdOU,
359600560 ©0sdgEHOL s F9BHodMmEMo  Lob®MAoL MolgL s gbMMYLME
obgMbd(300L. 0m3zegds, OMI 9BbEMmMYGbgdol bBo3egdmds FMoz5M0  BoJBHMM0S
965350 35MMAO0L  356305Mg00LIMZ0L, MHMIGELSE FMOEO3L  FYEHIOMEIMEO
Lob®MIo s  MmMIGLsS3 8039435000  LOLbEPAsMM3M396  Q9MMNMEGd9ds3Y
(Traish et al., 2009,I1I).

50 3500MMA0MM X9F380, 3¢00boEOLEMS 9M0sMGB0M, 935600 3MHMIEGTS
9M3omgmdL  BgdgBo fmbol 3mGmgjzosdo. Lodbwydbg, gl ol MMM,

GH0dgoi 930©9d0ologom  3OEIWEYdS  2ob30meMgdM s gb30mMdO®
d39469080.  Fgogdme  BHsBHIdTo 85053539006  63% s  Joergdol  55%
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Fod)mbosbs  0m3wgds.  FoMd{mbosbms  22%-ob  Lbgwmeols dsbol  0bwgduo
3033/0%%Bg 89@0s, 595Lmbogg gl FgRsMYds FBoMmEO EO0bsF0300 boLOSMYdS,
Gobo 999308 LYIOOMBMWMBOL FooRsligds dbgwos (Ogden et al., 2006). F56d
Pmbolomsb 539300090 Mmos  0lgmo 9935 Y0Jd0,  MMYMMGOOEsS  FodM0sbo
Q050930 G030 2, 30390390605, M-LolbEdsmMgms 93500 90s, Bowmzwrol
03B0L IH0sbgds, LodLogby s LoyMEYb-5dMIM539390 BOLEBHIIOL W35G
(5GOMHOEG0).

BOLOME  FoM¥Mbosbms 80%-U  50gbodbgds  Fomd  fbsboob
053930060900 9MMO 535000s 85063, bmwm 40%-U mMo 56 Bg@o 5350 Yds
(Janssen et al., 2007).

BOILOMEO 85953530 ©5 Jowo  doblbgszgds  3bodol  Ggyombormemo
2500565(0gd0l 530L939MH909d00 (Blouin et al., 2008).

996m357 B8  Joergddo 3bodol oo bsfowo gMHm3zgds d396Mdo,
09dmgddo s 356Mdsygddo. 85953539080 30, GMam®E (gbo, Mol dosdmdo
(3969390 5 30LEYMIWNMS). 5FLMsbs3g B53535:390L, 30L39MOMEo 3bodol MR
©OEO 356530 5930, 300MY Joengdl (Wells et el., 2007). 0dgsb go0md@obstyg, Gnd
Bbgmol  3bodob  wm3sobBs3os 0m3wgds  JgmMs  Lslggbem  6odbsco,
d9Lsdegdgos 3035M9MEMm,  MmMmI  Lobdgbem  BEAHYOHMoIdo  Fmbsfowrgmdsls
09099096 35953530L 5 Joeols 3B0TMZ560 Fo®s0l gowsbsfowgdsdo.

Qs ImboBEMYGOS ILEHWMEIdS 0dom, MHMI Lobdgbem LEIOMOEIdol ™bols
330 gds, M93MM©YIJ30Mo  3bmgMgdol bbgoabbgs 9@e3byg, msbbgg®msdos
3b0dol MH9A0MbIEMMO aMM3900Ls s FMBOWODBIEO0L (33¢0gdgdMb, d5806,
MOMEILSE  3909OGGMI  39OH0MPITPY  AMAMIO0 @S  d0F)00  do0sh 96
396Ub3930000056 30Ol MoMmEIbmdom s dobo MgroMmbosMHo 4930 3ggdom.
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39090G9GH0 39M0MmE0IL 30 goblibgzsgqgdgdo 339 935M0© 30bgds (Loomba-
Albrecht et al., 2009; Taylor et al., 2010).

15339O3EbOL FogH GuEHMMYIbOL @S 3OMYJUEBHIOMbOL 2odmdmTsgzgds 0f)393L
Logeomm 3bodol Ts@gdsl o sbg3g @bodol FgMHBg3000 Fowsbsfowrgdsl 9396 do,
LoxMALS s B3MIsYgddo. 00Fgddo 30, 39¥9OGHIGVI 39MH0M©T0, LHZOAbMdS©
0BOMEYds  5M5(3b0dM3560 by, Bs8ob MMELsg  @bodol Loghomm  MsMmgbmds
00mdJdob MiE3egwo MBgds (Loomba-Albrecht et al., 2009).

LBodLIbBg 3306039050  9B3gbs, MMI  3boToL  W3oMOBHILs©  FMEEEOL
9005dm8o  oM™M390s 5353006090 0s  0blvEPobEsdMm30gdgwo  FodMosbo
050930L s 2-LoLbEPdsMP3mS  LOLEBJIOL  559350JOGOOL  gob3z0mM YOOl
dm3o@gd)ew  MOLIMSD, ™Mb  9MS FBMWMmE  FoMd[Mb0osbgddo, 9689
Be®3ocr®imbosbgddo (Kannel et al., 1991).

905350 330935 5IBEGHMMGIL 3530061 53MA0bSE M 453b0dM3bdLS
399e-bolberds®mgms  LolEIoL 9935000l  0lgo  MOLI-BoJBHMMGOL  FmMol,
MMYMOOGESS 30396396 oo, ©obE030yd0s (JoegbGgOmeEol,
AG®0039M0YO0L, Bswo 10d336M030L WO03M3MHMEGHJ0bdOL ABOOWO E™bY
@5 Bopowo  10d33m030L  WO3M3MHMEHJ0bJOOL SO  E™bBY),  AW039gdos
3039600b6Lw0bgdoslmsb gems© (3bmdowos, MmamO3 ,,0bLvIEobMHgHOLEIbEH MBS
56 ,09¢3)90mMo Lob®mdo®) (Bjorntorp et al., 2000; Carr et al., 2004; Grundy et al.,
2004; Gans, 2006).

3993mo (X356090b0) 33093900L LoLEHYIoGMTs Fodmboergsd s dg@o-
3b5@r0Hds 5B3965, ™A FBHLEHMLEAEHIOMbOL ©Mbg FqLsdhbgzo WBdSEP0s TodMosbo
Q050930 G030 2-0b dJmbg 05953539000. VSO  BHILEHMBEHIOMOOL  dJmbg
05053539080 30 FogdM0560 ©05d9GHOL 2563050l 5EBIMBS FoBOOos (Ding et

al., 2006). 33e939%00m 51939 LEGHMMIYdS, M BHILEGHMLEBHIOMbOL B E™bY
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05053539000 85gM0560 053930 3H030 2-0l 35630050930l F0bs30MHMdss. SMLYGOIMIL
535% 909390 9300H0MEMAO0M0  3E 303900900, MHMIoL  Fobg30053
AIBAHMLGHIOMbOL @S0 ©mbg  bobsBImew  sbozdo  HoMmBmoagbl
533000909 MOL3 BoJEBHMOL, OMYMOE F9GI0MEMOHO LObEOMIOL s Fod®mosbo
050930 Godo 2-ob (Stanworth et al, 2009; Traish et al., 2009,II), slg3g dsoo
239MMMqdgd0lL - 0BLMEEHOLS O PoMsds35¢0 089300l Q5630MIMGOOLSMZOL
(Yeap et al., 2009).

MMAS (The Massachusetts Male Aging Study) (Stellato et al., 2000) co> MRFIT
(Multiple Risk Factor Intervention Trial) (Haffner et al., 1996) 330939035 563965, Gnd
LogODM  GILEAHMLAHIOMBOL IdsO ©MbY s  LBgdb-3MmEBMb F9ds35300609dgw0
30mdwobo (SHBG) s9m)3000009c0 HoL3 Bog@™mE0s 8995 bbol 85953539000 -
35960560 05093 0L dMmy3056900m gobgzomscmgdolomgol.

39wogmMbosdo  BsBoMgdmerds  33¢09390ds  9B39bs 3608369 m3zs60
MSMYMBOMO  3MJ5305 LOgMmMM  BHILAEAMLEGHIOMBOL LSfyol Mbgls s YHIMm
3W30Bol mbgl,  0bleobol Mbgly s, 91939, FWMIMBMEGHMWYHIBEHMW
AAHL ML (8 fewol ©s330603905) (Oh et al, 2002).  doBbgmos, G0
AAHMBEGIOMBoL s BgdL-3mOHIMb  F9853530060909w0 A MdMEobols  (SHBG)
Q050 Mby (oMmImsaqbl d9g@sdmmmHo Lob®MIoL s FodMosbo OsdYEHOL
24563000560900L 36:MabmDL (Laaksonen et al., 2004; Haring et al., 2009).

Ls0BEBHIOGLMS 50b0dbML, GmId MMAS-ol (The Massachusetts Male Aging
Study) 9mbs3g3900m, BHILEGHMLEGHIOMbOL 00 MbY FoMTMoYIbl FgESdMEYGO
LOBMMTIOL s FodM05b0 OIBYEHOL F9630MMGOOL MOLIZ-BoJBHMOL 0d F50535(39030,
MO0 093005639 56 0y369b FoOrdfmbosbgdo (Kupelian et al., 2006). NHANES III
33w9350 (the Third National Health and Nutrition survey), ®m89w8o3 dmbsfowgmds
doomm 1413 850535305, MHMIYdoE @Yzl dLv3IOL,  ®OLOL,  gmbozm®o
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Do0mBogwmdol s  FoMdo fimboll dobgzom, oB396s, ®MmI 08 859535390,
™I 9306RBW0  BHILEHMLAEHIOMBOL (s Mo LygMmM EguEHMLEIOMBOL)
Q5050 MbY 509608693MmEom, FodM05b0 OdYEBHOL FobgzomaMgdol Holigo MO
95050 3dmbom, 30Mg Fom, 30LoE 909b0TdbgdMm©s Lodlvdbg (Selvin et al., 2007).

s 33e93s 939stgdls MMAS - ol (The Massachusetts Male Aging Study)
330930l 990990L,  MHMIOL  MobobdosE,  FoMdo  fmbs,  msgzobmoge®, 96
DoM0mo9bl  MOL3I-RBoJBHMOL  TodMm0sbo  ©OsdYEHOL  gob30m5MgdOLIMZOL, oG
<BolMbAos  93LBHMHE0580  BoBHIMGOME  bsEMYoMHO EOBsobol  33¢0g35Bm5b.
(Stellato et al., 2000; Traish et al., 2009 (II; III); Yeap et al., 2009).

Lodbwdbg, Tsbsb SbmEEMgdmwo 303960blweobgdoom, mMAMbLgl Lgdu-
3mMdmb 990535300690 go  germdyeobol  (SHBG)  Lobogbl s  9d9sb
3900306569 ImE0M3womg GHILEHMLAEHIOMBOL Momgbmodsl (Kaufman et al., 2005;
Eckel et al., 2005). 2565 590ls, 0blbwyewobo (Pitteloud et al., 2005a) s ¢g3@Hobo
(Isidori et al., 1999) 3G 639ws© dmddggdl Lsmglerol dogh bEghmogdols
0o0ngddbsbg (Stamler et al., 1976). 5996 @50mB0bsMY, Loxgmdzgwo 93543l
300304OM®, MM Lodb)dbg MMM BHILEMLAEHIOMBOL OJ390mGdOL 83560
539405 40 Fersdg 959535390803 30 (Goncharov et al., 2009; Zitzmann M., 2009;
Mah et al., 2010).

50b0dbro dodmbor30sb 3bso bgds, MM GgbEmbGgHmbol ©dswro
©Mmbg 8635600  RFodBHMM0s  bsbsBIMEro 85853539008  0lgmO  8350YOOL
9GOMEMY0530, OHMYMOM03SS 9gBHS0MEM0 BLOBEMmMA0 s LMD ©Ws353806M9dMEO
QQ55350090900:  FodM05b0  ODYHO O SMGOMUIWIOMDMMO 95350090 900.
50009650, 39¢3)50MMo LobEMMAOL s JoLO JoMMNMEGOJdIOL - TogM0sb0 OSdYEO
G030 2 5 39-bolbeds®mm3zms ©s935©J0gd0 - 331IMbsEMdsT0 BHILEMLEIOMbOL
Bor30L 0B6TgfHmbowmdols 2obLoBM3Ms BMH0S® 5d@EsmMo Lszombos.
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965350 3330390900  LEGMOEIdS  BILEAMLGHIOMbOL  IdOMO
393w9bs  30L39MOEMMO (3bodol s 9ESdMEMMO Lob®mMIol Lbgs gugdgb@gdols
690130509 (Jones et al., 2009).

BoGo®@s 33e939, Loz d9MBgme 0dbs  303MmaMmbsoBT0m 535090 IO
32 95053530 39@90MEMH0 LobEOMI0m I SHESE YIBOWO TogM0s60 WOSOYEHO
G030 2-00. 9O®»0 XaBoL  93MgdL (n=16) TbMEMEO ©OYGHS @S FoMX0do
59608bsm, dgmeg xaMRBL (N=16) - OGS s 356X0T0 BHILAHMBEHIOMBOL 39 ™Mb
gbms (50 3y.  BHIVAHMLGIOMbo  ghobgw  ©Egdo, 52 330600l  dsbdoby).
33mBsBY 9mgddgo sOE 9Ooo 3M35MsB0 0dbs godmygbgdmo 33eg359g b6
330930 @OML.  GLEAHMLAHIOMbOL  oT53HJOsT  LoMABMDMOSE Yoo AR MOIYLS
30393060 95839690900 ©@s  39390MEMMo LOBEMHMIOLMZ0L WsTobslOSMYdYEO
bbgs 396599@ 900, 08 X3R056 F9sM9d0m, Looa FbMWMmE 0YEL s oMK 0l
dob93b9b (Heufelder et al., 2009).

31939 ©oEIb00s, MHMI FHJLAEHMLEHIOMbO 53306090L 0bLEobol EMbgl o
0bL0bmgBoLEBHIBEGHMdL F963fmbosb 050535390d0. O10) 33w935d0,
AIAHMBGIOMBOL  Bsbs33wgdomo  mgMsdool 9909y,  Loog  Imbsfogmdsls
0090bgb  BodMosbo  ©osdgBo  GHodo  2-ob dJmby @s  303mymbsoBdom
Q9535900 8595353900, 500b0dbs  BHLEBHMUBEGIMMbOL  dzoMgo  A93egbs
30393059 96 sbgmo 493agbs LogMommo o6 s0obodbs (Corrales et al., 2006).
Lo30MOL30MM  F9Ygd0  9B39bs Lbgs 3309350, MMIOMS3 RO, O™
ABAHMLGHIOMBOL BsbS(330 900085 MYM53058 T9593065 0bLYIEObMGHBOLEHIBEGHMDS s
25000xmdGLS a0 3gdo®o 353969090 303mymboobIom 99350 O
35309639080, OMIgEoms3 9509b0dbgdM©sm FodM0sb0 0sdgEHO BHodo 2 (Lee et al,
2005).
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596050, 30935 0doLs, HMT 56 SMHOL (35¢LObY 83303903900 0dols
5Md5DY, OMI IMEoM3MEomg GHILEAHMLEIOMbOL Mby byl MHymdl awrmzmbol
339mbEHOBOL bmMToe0BsE0sL, sMLgdMdL 33¢g3900, MHMIgdoE 993H303EJoL, M™I
ABAHMLGHIOMmbom  Bsbogawgdomo  mgMs30s ©IIdOm  OHMEL  SLOYIEGOL
3039300L5 s F9ESOMEMMO  3OM3gLYOOL  3MbEHMMEdo  TodMm0sbo  OIdYEHOL
QOMU.

50506539,  BHILAHMBEGHIOMbOL  dmddggdol  39dsboBdgdo  x9gH 30093
299mbs33eg305. o MBIM™M, MMI OmymeE Bgdmom 50obodbs, bs35Momgz0s S0
999560H3900L 30m33gJlmErmds.

356360950l 396dmgdo 8903536 dobodmad 5 Lobol YYxMgEIdL, MMIwgddog
30039353900 3mO®IMbgd0 300306  gooEol  Lolbeols  dodmdg35do0.
90MmMbgmgdols  35636Mgobols  396dmEgdo  5890o36gdL  BbogLigdsl  5@sdosbols
396360950l 3bdMgdmab. gl Aboglgds Jdbol  Logwmdzgerl, MmAd  dod®osbo
050930L  IMEIE0Mgds gobbmME30g9wgl LM JMEbgwgddo. g30Mmea30L
356369oLols 3996dmw9ddo, 96m360bmwo )X MH9JO0L LBLOEOYOO
Pomdmoagboos 99990 3Gm3meMiooo (Elayat et al., 1995):

MR 900,  MMIWgdo3  290m0ddsgzgdl g 3ombl,  d9509bL
3963 emzs60 M Mggdols 20%-U;

B-x 6900900, MMII003 259008853908 0bLYEobl s sdoobl, dgog9bl
"X YO0 303o3ool 70%-U;

8-mx 690900, OMmIWgdoE 399m0dMTs39dL  L@BsGHMUBESGHObL, Fgoagbl -
10%-U;

PP »% 690900, H©3gddo godmd«)dsggds 356360956v9c0 30e0393E0@0 -
5%-1s;
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e-MX 690900 (9x3boMb), HMIgddo 499333 Yds M9Eobo - dbmerm
1%-L.

50506539,  MIXMgOMEo 8995096 mdol  Abs3LgdoL  FoIbye3zs,
MIROIOMS LB GOMWO  3H039d0l  BHM3MYMOFB0s  39636Mgolol  3mbIMegdTo
29blbgo390emos. 35806,  OmEgLsg  IOEbYgdoL  3MBbdMEgdL  SHoLOSMGOL
0bLeEobol §o6dmaJdbgero B-xMH9gd0L M30MoE Lo 390EHMIMEOO goberoggds o
5xy, IEs @S PP ¢x®9ggool dfomo 396005396000 gobmsqqds, 5@sdosbols
39bdmwgddo a- @5  P-xggdo  2obwsygdmos  gMHmIsbgommsb  sberml
(B9%3MBMws©) (Brissova et al., 2005; Cabrera et al., 2006).

35d60560 039GOl 3500ygbgBoLs s BsbmygbgBol 8gdsboBIGdOL MsmdsbY.

dombgozo@  0doby, MM  TodMosbo  osdgBHo  BHodo  2-08 M™L
AIBAHMLEAEHIOMbOL E™bols 8993060905 OILEH™MMYIMWS© 0m3ggds (Haffner et al,
1996; Stellato et al., 2000; Oh et al., 2002), 0bg39, OMYMOG 0L BogBH0, O™ 3OMBEIEOL
LodLogbol ddmbg  353096390d0 56O My9bgdoL 5033900b 0965305
3Mb5MmGHOM3Nwo  3mMmIMbol  sgmboliGgdom, ofi393L P-MxMIgdol  BmbJzool
653090MdsL s 30396039005L (Inaba et al., 2005) s BOHEOL FoJM0560 OSBYEO
A030 2-ob ol (Keating et al., 2012), @gbGmULEGHgembol ©gnoEodol  Gmeo

B-x0900900L oLR6J30580 Mibmdo MRgdS.
300m30bsMg  0dgsb, M3  30396Mwo3gdool  qobz0msMmgds  dmombmal

B-1xO900900L ©sDB0s6xdIL, Bgdmo Qsbbowrmmo 33w93930L 899agd0 Lyxzdz9wl
»ddbols 39MomEL, MHMI GHILEHMLEHIOMBOL b53wgdMds 0f393L 96 bgel  MHgmdl

B-x690900L sB0sBJdSL F503539080.
©OILGHMOYOM0s, MM GgbBHMLEGIOMmbo  BgImddggdl  SbmM6-
69393G™MYdBY,  OMIGbsg  JgoEoglh  bbgoolibgs  mMsbmgdol  »xegogdol
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d900Mmsbgdo (Haffner et al., 1996). vy s 99ds60BTom ©@s G5 GHMEL  SLOHIEgdL
3bMMA96-09393¢™M0  B-x69ggdol  BbJ30mboMgdsdo  bmGIMmo s
AILAHMBEGIOMBOL 6530 gdMmd0L 30OHMOYdT0, 2560339010 56 SMoL (Stellato et al., 2000;
Oh et al., 2002). gl LygzoPbO WoMgLs© F60d369gEM35605, BoEYE BEHO0WOIBYEMGO
3bOMABMEo MgM5305, HMIJWoE 96O A3HBMHPOL 3OMUBEIGHOL 3039MEGHOMBOIEO
350MMA0900L 2963096900l MOL3L,  Fgodwrgds  0dzgl  LobmYsmgdMogzo
X 96053330l 36033690356 dmbodmgzMoc (Oh et al., 2002).

500530560l 35636950l Jumz0ol 3MEIEMMIODBY s 0LYo boBMZb MY390DY
Bo@o®mgdends 9Ju3g6M0d96@ 903y, GMmEgbysz 80HBsbT0TsM s 0ym d9d(306M90v )0
B-xM90q00L 3bMM96-69:393@ MM gdol 509bMdo, <B39bo, 60d
ABAHMLGHIOMbo  Imddggol  sbOMA96-09393@™MOL  Lsdmswgdom, MMIGE03
Do008mo0bL 0ysb-sdmMm30qd FHGMIBLIM0T300L GodBmemb. b5B396900 oym,
Mmd B-xm90q0do 903060900 MoMm©IbmdoL sbEMMYgb-M9i393GHMMgd0L dJmby
0596 3005239030, 01939 OMYMOG  95©ST0BOL  3MWEHMOOL Fgdmbggzsdo, b
69393G™M9d0 36093690356 ML 5859 GHguEHMLEGIOMBOL 3m@GHgbioMgdol
39903 9gbolomzol  aev3mbBom  LEGH0INWOMmYdMwo  oblmwobol  LgzmgEoolL
(GSIS - glucose-stimulated insulin secretion) 25de09gM9gd0LIMZ0L (BHILGHMLEIOMbO
33mBoL  sdswo 3mb39bEGMs300l 30MHMdgddoi 0()393L 0blyobols obgmogy
193609305 MMAMOLSE  A90mof)393ws  E3mBol  Fgomgdom  FoPOWO
3Mb6396GHM530900. 9B 91399GH0 xdbgdME0s B-IxM9gddo cAMP 30mb63396@ o300l
95%905%g 5 3MMBHJob 3065Bs A-U (PKA)-U 5J@035305g, H®Igeros, oegol dbéMog,
bMoolb GLP-1 (glucagon-like peptide-1) 9539J@L. 99 508mbgbsls 8g0dggds 3dmbgqgls
36003690 m3560  3wobozmMo o  BIMTSIMWMAOMMO  QOMGOds  TogMosbo
050930 3030 2-0b 369396300L5m30L sl53Mm356 5853539000 (Navarro et al., 2016).
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BMmQ09MmM0 2odMm339300, BHJLAHMBEIOMMbO, goms 0blwmwobols by3egzool
UEH0TMES300Ls, 30MHEI30M 353wgbsls SbIbL B-1xMgEqgdby (Mauvais-Jarvis et al.,
2016).  sbMHMygbgdol  IFMNOYMB3go  MgeMs3ool  d9dgy  3w0bgds
30396039905 5 B-MxM9©09gd0L BMbJ300L IMP3935, MOE om0 93M3EGHMBOL
25009650000 bs 0ymb 45dm{zgero (Inaba et al., 2005). 535639 50LEHIMJOL Ob
330939003, Lossg  65B3969000 v FHJLEHMLEHIOMBOL Bsbskzwgdomo mgMmsdoom
QM0 5003390905 LBEAHMI3GHMBMEHM30600 Fodmf)39wo B-1xM9IdOL SOMGMWO
333G MHBMMH0 IHB0sBYIOS JoLEGHOOMYOME 30OMoY39dd0 (Morimoto et al., 2005).

3 053560m @5 3965933HMMm900 03309300696 A 3MBol  3MTgmbEGHobL 12
33060l 3596 05339000, OMIGWMSE P-YxXOI©IdT0 5O  Jmbosm  sbMHMYgb-
693933060 (BARKOYbsbol 3bmggargdo). gb ol sls3os, Hmdganbsg dmbogll gbodol
6523006930 2963006905 s 0bLMEPOBOHGBOLEFHIBEHMBS - 9BEMHMYgb-M19393EHMEMOL
LMo 96 BoffoEmdMozo aroEOEHOL BmEBY. 9 330600l 2obdogermdsdo, OgEHOM
259m{1390 d9E9dMmmo LBMILOL 30MHMdYdd0, BPARKO"Y 05939005, Logmb@Mmenm
XANBOL  303900U96  2obLb3e3900m,  A9TMI3w0bgl  HmymGdE  0blvEobols
30b6396¢®o300l, oly  3039Maw039dool 8993060905, GmymeE doddowrols  s1939
0500MMd0L  9909y. 99, IILEGHMO®S, GMI P-MxMgIdTo  SbOMY6-
69393GH™MM9d0L  ©IRoE0GHOL dJmbg 0993900 93w9gbgb 0bLobol aTOEOEHL
A9b609gb3osl,  3sdob,  MmEgLss  ,western®  ©O0gEHOLMZOL  TobILOSMYOJOS
303000  LEHOIM0MIOMEo  0bbEobols bg3Mgsool (GSIS) dgdioMgds  ©o
33mBoLOET0  BHMWGMBGHMOOL  Qob30m06M9ds,  Jobgogs  0dobLsy,  MHMI
B-%690900L M5MmEgbmds 56 0;33egds (Navarro et al., 2016).

50Lsb0dbs305, MMI  9BEOMYIb-M9393GHMOOL  0blyobEMmdmwo 9i39d@EHo
50530560l 5b9M356Lob 3996dmwgddo 3w0bgds AILAHMLEGIOMbOL
Robomwmyom@o  3mbzgbGHesgool  9gdmbggzsdo. gl s9G3oEgdl,  Gmd

43



ABAHMLGHIOMbo 3609369 ™m3zob0s 358535339000  4Y3MBom LG0T OMmYOMEO
0blwmeobol  Lgzdggoolb  (GSIS)  Bm®dol  gotyargddo  Fgbobo®mbmbgdemso.
3bmMqbg00L 6530gdMds 30 0fj393L A 3MBoo BEBHOTMEOMmgdMEo 0blwwobols
L9390l (GSIS)  ©9d390mgdsl, Gog bgwliaghger 306>MmdgdL Jdbols Fod@mosbo
050930 3030 2-0b 35630056M930LbmM30U.

5305  36033bgarmgzsbos  0dol  Ao3bmdogMgds,  OMI Qg3 Bol
39®90MmwoBIby GHgbBHMLEAIOMbo 493wgbsls sbIbL  vE> Fbmerm@  39636MgsloL
B-1x 690900l 3bMHMy9b-69(3933H™M9dbY B90mgdggdoom. 3 30HolL
3Mb639bGHME00L  ©sd390mgds  BHLEAHMLEIOMboL  0bogdigool  89dgy  s0oblbgds
080m53, ™I BHJLAHMLEGHIOMbo Bgdmddggdl W30dol sbEMMYIb-M93E93EHMEMdDY
@5 byl Mfymdl  3935@Mm3039ddo 0bbyIrob-mgi39g3¢memgdol m-RNA Lobogdl,
MOmIgerog, 30l dbM0g, ofj393L  39353ME0GJOoL  IgmdbmdgEmdol  goBMEIL
0bLveEobol B0ds®mo. 538 3060HMd9ddo 0blwyeobols dobodscr®o  3mbi396EMsE053
15395M0L0s M o0BIMOML Q)3 BOL IMbTsMgds W30deoL YR MJIOOL Joge
(Kapoor et al., 2006; Sato et al., 2008).

50LB0A6s305, MMA 858535(3900Lsb obLL3s39d0m, Jowgdol P-xMHgEgddo
5bMHMy96-69(3933HMMOOL QB0 mby 56 330l 33 Bom
L3030 dMEo 0blobols bg3Mgagost (GSIS). do0BybBo dYMTscgmdl 0dsdo,
™3 99O 306009339000 SBEOOMYG6qd0L 3:b396MEGHE0s FMoGTo s Jumgzowdo
005%g b653Wwgdos 3069  LoFoMms  9bEMHMYgb-M19393BHMEMOL  5dE035300LmM30L
(Mauvais-Jarvis et al., 2011). gl dmbs399900 5QsLEHMIIL bbgs 33¢093900L T99gdL,
OmAado3  JoMmomgdl, MHmI  Lbgoolbgs  Ldgbol  MmMasboBAoL  mMysbmgddo
25bLbg0390o  MomEgbmdomss  (omdm@agboro  sBMHMYI6- s  guEGOMY9b-
093933 ™M9d0.
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MmamO3 503608690, GHLEHMLEIOMbOL owswo 3mb3gb@MoE0s 85853539000
3M695305805 0bLeEobol 0350 8o FM3bMdYEMILMSD. 58sLmsbogY,
ABAHMLGIOM™b 17b  9d399009g0561905 5MMToEH0Do305L  JuGEsommow (E2) s gL
09odgos  3600369m3zsb0s 85853539000  9bgMgB03mwo  3mdgm3zobybol
Q05 5bLgdoLsmzol (Navarro et al., 2015).

3LEH®0MGOM 3536 JMEbgwgdL, OMIGELSE  N39009db)b  “Lyygoms”
bOmmaqbl  (DHT), 6Mmdgwog 96  goMs0ddbgds  gbGMsQomms© 96
30050 JdM©s0  LBodbydbg, 00 IPOWDYGOOLAD  oblbgsggdom, MMIGELY3
1390990696  BHguEHMBEGHIOMBL. gl domomgdl 0dsl, GMI  3bodol  oYMHM3GdS
3oLE®Mo3ool 99909 3o8mf39wos GHLEGHMLEIOMbOL gotsddboo glGMmosommws,
®mIYEoE 1330 393WIBL  9BEIBL  JuHBMYIB-MY3I3GMOIBDBY. gL 330039
9m5bbdgds  sEmJbsbom  @odmfzgme FogdMosbo OdYEBHOL Mmool  33¢g30LsL
do0gde  3mbs3gdgdl, MMAEOL  Msbsbdssg  JuGHMIOMEolL  3mb3EIbEHMmEO0L
953900l 356159 IMO® JgdMEMdL BHILEHMUBEIOMbOL 3mbzab@GHMogos (Hayes et
al., 2000; Hayes et al., 2001).

Wistar-ob  xodol 8586 30000339030  sewmgbobol 200 3y/3
06@®539600FHM™bgomm®mo 0bogdaool 990wy (Latsabidze et al., 2016), oligzg GrmamOs
Sprague-Dawley x080Lb 8©9oM 3060m99390d0 ULEGHMI3GHMBMEGHME0bol 50 den/e0
06@M339M0@HM™MbgommMo  0bogdgool 8909y,  bsbobo  odbs  bgzdmbero
B-mx6900900. b53egdo  063)gblogmdol sHosbgds 0dbs bsbsbo  ©30dwol s
0003890 d0s3900L 930mMYEO MYXM9JOT0. STMO0YSO, ILEYIOIOIEO0S,
O3 semdusbol s BEGHMI3GHMBMEHME0boL 0bogd30s FmbBOEO F0HMoy39dd0

0()393L6 3d0dg s 899939390 F5dM056 ©OdYIAL, OMIgErog FoJM0sbo WOSdYEHO G030
1-ob AbgogLos (Portha et al., 1974; Wilson et al., 1990; Haligur et al., 2012).
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B-x690900L 3300M3s, HMIGero 99odergds odmbo@mwo ogmlb 693OMboo
96 35U35P (caspase) IMI0YOMO 33M3GMBom, oMMy IbL 9Ju3gM0a9bEHwWwO
05460560  ©05dgBHOL  LodMmWMmm  BAHOIOSL,  Mo3g  MobbggMmsdos  y3MbBol
39@90Mm0BIol 360369 m3zs60 IMAsbomseb (Haligur et al., 2012).

3b™doE0s, GMI 0bLeobl s Jar3o9mbL LadomoldoMm dmJdggds oJ3L

239930mHBoL 3FgMLEHIBYY 30dedo. 0blvyerobols sdso MY s Jary3sgmbol
dooero  ©mbg  doddoerol  OML  30dwdo  0f)393L AW 3MbgmygbgBL o
3030M3960m0BL, Mog byl «dwol 303mym039800L gob3z0msMYdl. 5dy356M5,
MBI  2e3mbol  ©Mmbg  gobolsbzMgds  ®30dwol  dogh  29bgMHoMmgdMEo
33mBol  mbol dobggzom. Fs80L 99y FW3MDBS BMO35M0  FodBHMEO0o,
Mmdgog  SBEHOINWomYOL 3563095L0L B-)XM9gddo 0bLYIEobols LobmgBL s
1936093056,  LObMgHBoMGOMwo  0blerobo  MOPOYHNJIJIOL  39M0TIMOO
Jumgz09d0L  0bLvE0b-M9393EHMMGOMb  (BmbBbol  39bmgdo s  (3bodmzgsbo
Jumgowo), 0f)393L GHMBLIGIDdMIBME O MR MGEOT0ds M75d(3090L, Mog byl MHymdl
3030B0oL F0obmddsls s a3mbBol MEGHO0WoDBsEosL 1533900l BoMgdol d90YY,
(0053 0656MBMBIOL e 3mBol 3mIgmliGsBL (Rovira-Llopis et al., 2017).

95J00560  ©osdgBHo  Godo  1-0b  OML,  356309goLol  3mbImegdol
3H05690M0 B-mxM9Gd0 506 sbgbl 0blwyeobols LobmgBL s bg3MYEOsL.
05d60560  ©@osdgBHo  Godo  2-0l ©@OML 30, B-MxOI©IO0 39603l MbIOL
50093350  M3sLbMb  oBOOW  3gM0zgHoMw  0bLYYWobMgHBOLEHIBEGHMBL.
Lobberdo 4y 3mBol IMBoB oo Momgbmds byl »figmdl 3Om-sbmgdomo
3oG™30bgool  1g3Mg3osl  P-IXOIEYO0ED, M3 ofiggzl  Imbmbyzwgno
X MIGO0L 59BH035305L S SOYOWMIM0Z5® 30EHMI0bJdOL 3MHM©MIEool 3093
MROM  20BOELL. gl bmgdomo  Mgodios 0f393L  B-xM9gdol  Jgdyma
3H0569dsLs.
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5093565, 85dM0560 ©0sdgAH0 333 gdlyMmo  8YEBHIOMWNIOO M3,
3903 bsbosmgds 0blmeobol 3Mm@vYd00Ls s LyzMEoolL 39830609d0m, o3

50bObgds MO390 MXEMGEOL  53Mbd30mboMgdsHY.  DBmgoghom  Fgdombggzsdo
3W398mbol  AsBM©Ooo  3mb3gbEGHMogos bl MHymdL 30396039d00L
UEHOOOODIEOSL.  Boa®od,  29MS  JOMmbozMo  3039Myer03gdools,  dsd@osbo
050930  bsloomgds  babdomfiyegdol, Ebodol s (30egdol  d9@ES0MEroHIol

QMM3930Mm, M3 259Mf3990s 0blyobols 1193Mg300L IROEOEH0 /56 dolo
9mgd99d0lL 39JobobTol sB0sbgdom. ©993509ds OGN LES0sDY Y39wsBY

bdoMs 8900w qds A59M3e0bEgl A 3MmBoLOEI0 BHMEWYOBEHMOOL MHM39300m.
05d60560  ©0sd9B0  0fi393L 39350056  IB0sBYIGOL, T390 MEYSBMU

3H056905L @ @OLGMbY305L,  MMIgErms FMMOLsE, OMAMOE Bgdmo 500bodbs
39BLS3MPM9d0m 360336935605 MZoEgdoL, MM 3TGEgdOL, W30dOl, w90l @
LobbePdsM3900L sB0sbgds (Bennett P.H. and Knowler W.C., 2005). 9sd@osbo
050930l O™ MEORBMMS EIB0sBYOOL Zsmmyagbgbdo  IMSZ50  FogEMMo
dmbsfoergmdls (Cheville N. F., 2009), doo 99u6m, 0w s30m35¢0obobgdm, Hma
45960560 ©0509EOL ©OML B0sbgds OIQEYQION 3 30Bol
0bL»0bsdm30 Mo BHOBLIMOGHOL  (35y.  3Mbomzsbo  Jumzowo), obg
0bL¥E0bEdMY3000939w0 BHMIBL3MMEOL MEMAbMIdO.

090l 250m, MM FodMH0sbo OsdYBHO 3MA3EgJuIMHO 935 YdsS s 0f)393L
9653500 MMRSBML RO IHB0s6JOsL, FoLo JsmmygbgbmMo 99dsboBdgdo
L539MMNOME  0bBHYMOJBHOME0s. TodMosbo  ©osdgBHOL  @OML  3563695L0l
36dMgdol  B-x9gdo0L  IH0sbgdol  dggoboBdgdol  33ag3s  MILLE
5935 0s. 96»N-9OH” 960393690 ™356 999560B8o0s doRbgmemo
39U35HIM300900  53M3EGHMBoL  d9doboBdo. 3o135Bs (caspase) [oMBMoYIbL
3oLAJob 3OMFBHYoBoL boflowl, GMIgoE JoMHOMOIE BIMMMWOs  53M3GHMDBOL
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3Om3gbol  Lofigol 9BHo3bg (Thornberry N.A. and Lazebnik Y., 1998). y39wws®by
»989JAHMM0s“ Caspase-3, MOmIgwog §oMdmoygb  36093690m396  3MIMEHGoBIU,
O0Igeoi 000536 3M035¢0 YOI MEo  LmdLlGHMoGol,  sbgzg  ©bd-ob
509655 (N 92953058056 0535380690 ew 3™33mbgbEgd0L
wOHMO0JOHMNMIL, Momsz 0fi393L YIxMIOL ,I3OMAMIGOM* bozgwowl (Woo et
al., 1998; Zhang et al., 2005). »%69©9gd0L sH0sbgdsdo 51939 96003690 M356 HMEL
05350md96  3030m™mJboggbsbsls  9bB0dgdo. sOLYdMBL Losdo  Lbgsslbgs COX
96%0d0, M®Agdos 3bmdoos MHmymei COX-1, COX-2 s COX-3. gb 96%Bodgdo
3sbbolidggdgwos  olbgmo  3MHMBEBMmoEgdol  (860dzbgermgzsbo  domermyomeo
09950530 900L)  99JabsBg, OMAMOOES 3OMBEYMIb0bgdo, 3OMLEIE03wobo ©
06O@IdMJusbo. COX-ol  goMmTs3memaon)® 063080609dsl Fgw9dgros  sbmgdol s
330300l Lod3EHmdgdol 99alwndmdqos (Morita 1., 2002).

306330600 9330390990930 0dols, OMI  FogM0sbo  OsdYEHOL MM
GOAM3sBIMMo  Ca*  ofj393l  obbyeobols  AMbMgdol  gabmEoGH™MDBL,
QLG YOYONE ogbs B-xMIEIODY - ©0BYHOL JFu3gM0dIPvGHY dmEgergddo.
50 MxMH9IooL  3sBdMEmo  993d6sbs  FgeMgoom  5©30MOE  T90g35000,
99006560 3m@GH9bEosmo  35M0MIOL  BoOMM  E0835BMBIo s vMgM3Y,
d9L5d909g 05 FOGHMBMEMHO 35@9MS B399 gdol 3mb396EMsEo0l 3MBEGHMMEOo
(Tamagawa et al., 1985). G 3Mm@39gobmsb sfiyz0egdmwo Mg3gddmmo (GPCR)
Do0Mop9bL 3o E0dol dodsdom IAOHABMBOIOY M9393G™EL (CaSR- calcium sensing
receptor), Mmdgwos dmbsfogmdl  Joaw3omdol  OHMaMOE  MYRMJT0ds, 0obg
X900 gs 30TgmBEGsbBol CaSR-msb 393006093 M9gaes30580, MMIEOL
9MM39353 96003690356 Gl 15359MdL X MgEJOOL ©sB0sbgdsTdo. MMI(3,
31939 bsbsbos  Lbgoolibgs mMasbmgddo, GMImgdos G 00gdL Imbsfogmdsls
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39 3030L LoLEgdn® 3mdgmliBsbdo (Brown E.M., 1991; Chattopadhyay et al., 1996;
Brown E.M. and Macleod R.]., 2001).

303mgbool 250md(393 BodBH™O - 1la-b (HIF-1a) 8608369mgzs60 Hmemo o3l
939696530085 S  BHMIBLIOO0TE00L  A59dBHOMYdsd0, MHMIJoi byl MHymdl
3bg0ma9bgHob 59@035:305L (Brahimi-Horn M.C. and Pouyssegur J., 2007; Semenza G.L.,
2007). 3039603980000 399mf39meo 36 -5bmgd0m0 30@™3069%0L
39909Mm90wo  AsdMYmBs byl MHgmdl HIF-1lo-b Ho6dmddbsl o 39636gsLol
B-xM9009000L, 51939 b3S MEOYBMMS MR MIOIOOL IBOBYI. s5lsb0dbsg0s, ™MD
HIF-1a -ob 9dudGglbos o939 0b300@©9ds b®mdsem®  3060mdgddos, MMES
MXO90900  BEGH0IMWOMHJds  BOEOL  FodBmMom, sbogdomo  303H™30bgd0m,
©5dBHOGH0M 9b 3OMLESobobgdom (Laughner et al., 2001).

Usbidglm BEHIOMoMEo 3m®m3mbydol Gg3g3GHMmMmgdo s 500 gsdm3gzemg3oL
9900 m@900.

330939005  3bosym, 6MHmd  gddMOMbolL  35636q5L0oLogsb  Qoblbgsgzgdom,
BOHELOMWOo  MOYS6oBIoL 3563609530 Lobdgbm  bGHYHMOYdOL  M9393GHMMYO0
3m639bGHM0MmgdMEos  3bdMermgzsb  mxMggddo  (El  Seifi et al., 1981).
53LBEHMMGOM 0dbs FmEoMm3IMwotg Lsbdgbem LEgOMogdol 3mbagbdMmogools
393w9bs 39636950l Boge 0bLbyeobols s bbgs 3mGmIMbYdOL  45dMmd 3539059
(Lenzen et al., 1984). Ls50bEHgMGLMS 500b0TbMUL, MMI S6EOMYIB-69393EHMMJd0 MBOM®
3930 M5mYbmdom 3w0bwgds Lodbogbol OML (MMAMME 35630gsLol Jumzowdo,
olg 3ol 39w EH©sdo), 30O bmMIMWs©, GG 5LEHIMIOL dso I60T3bgEPMdSL
(59EHome ImbsfioErgmdsls) 3sommermaome 3Mmigbdo (Greenway et al., 1981; Andren-
Sandberg et al., 1982; Corbishley et al., 1984).

3bMHMy9gbgdol  3mb396GHME05MS (330 gdgdoL  3MMHYs305d  35636Mgsliols
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B-x©90900L sB056gdLMD S TodM05b OdYEHB, 3b5Os, Jodmofj30 Lobdglbm
3063mbgdol  M9393GMMJOOL  450M33¢g3000  I0bBHYMLYds.  5dMBBs,  M™I
3963609060 4569379036905  9.5.  ,JomEF  MmMsbmgdl, OmIgerdog  JuEGHO™96-
093933 ™MM9d0L MomMmE9bmds 3609369 ™3bs 50953 gds sbMMYIB-M9393EMMgdOL
M50MmEIbMBIL. 2506335, MM JuEGHMMY)b-M9393G™O®0 ERax  {o®mdmoagbl gbm-gbhom
doMomo©  IMg3Msl, OMIgeroi  BsdIMEos e g3mbBols S W030YdOL
39@90Mmobddo.  35636M950L  B-MxMH9EIO0L JoMOMOEO BbI30ss 0bLEobols
00mbobmgbBo o edmbmz0LBWgds.  0BLYEobo  ghmogMmo  3mMImboo,
MOmdgog 3060306 59300906 Lolbrdo  ge3mBol  E®bIL.  guEGMMY96-
09393GH™MM9d0 ERa ©@s ERP  gobmoggdmwos B-mxcgogddo. ERB-U gmbjgos
999 MEbmdos, bemwm ERa  8608369m3s6 M@l sbevwqdl oblwwobols
00mbobmgBol,  0bbmobol  Ly3Eggoolbs @S  P-YxGIIOOL  F9MRYBOL
M9395(305d0. JUEGHOMYIboL s 3OHMYILEIOMbOL M9393EMMGd0 sdmbgboe 0465
500530560l 3563695L0L  509bM3oM(306MA0L  Jumgoddo.  Lobdgbem  LEGHgMMOYdOL
69393G™M9d0L 330930l sbowo  FZOIBMB0SMY 8036005b65¢00Bol  Bgdbozol
3990mgqbgdsd 81939  90MO3w0bs  SBEMMYIB-M9393BHMMJPOE bmo  5©sTosbols
35636950l 5@gbm35M306mAols 60dmBgddo, Tood TmEOL Lsd 8sds3s3d0;  ge”
d90mbgggsdo 3bMM96-6M9:393@H ™M gd0 5dmBgboqw 0gb6s 3963695L0l
JU9bMEEbL3BESGHT0,  TMY305690000  SbOOMAIE-09(393BMMJd0  godm3w0bs
DOHOILOIO 3563095L0L by bodvddo, doo GOl MM 358535330 S MmMH039 bglbols
Bogmaol 35636950l Jumgowrdo. 58sLMsbogg, om0 MOMEIbMds  BsBMOBYdM®S
BGHMMY9b-M9393EHMOIO0L 50 bMdL (Corbishley et al., 1986).
bOMAb-09393¢™M0  (AR) 56MH0L  0gyob-sdm30q0o  GHMIBLIMOBEOOL
B9dBH™M0, OMIgwoE gob3smo3L 13g30803MM0 396900l gJudMGLOL. SBMMA6-
69393G™M0L 3530060 Jobmzol  1B3930R03MG  ©s  dMBYdMHO3  WOoRsbEMb
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AIBAHMLAHIOMbDB s 5-E030OHMEJBEGHMLGHIOMbSE (DHT), byl  «{gmdl
059535306 LJgbmdGmOg  49B30MYOIL O  WORIMIBE0S30L.  BJuGMLEHIOHMbO
do60ms©o© BobmgBgds LyogleEgl WgoEoyol MYXM9EIdTo, @s b 3OHME9LO
69379006005 5 mg0boBoMgdgwo 3mMHImboo (LH), Gmdgwog, oogol dbéog,
2503935300905 303mB0bBol fobs Jowols doghH. LH UgzMgisos, oogol dbdog,
9390005 3MmbsMEOM30b6  35605bmog0lMBgdgo 3mMdmbor  (GnRH).
BobMgHBoMYdMo GHguBHMULEGIOMBO MO 353d0MJds LOLbEOL 3esBsdo
3OLgdMe Bgdu-3mEGIME F9ds35300M90ge QMdYobl (SHBG) s 5¢0dw9dobl o
domsb ghmo@ Jdbol Lolberdo JmiEoM3Mwszog 3mA3egdul  (Rosner et al.,1991;
Baker et al., 2002).

X OIo0L 0abom FGHLEGHMLEHIOMbO gomrs0gddbgds FHgLEMLEIJOMBOL MRM®
3096 5a-6530me 99@90ME0EHI®, 5a-030OMEJLEHMLEGIOMbs (DHT). DHT
39309060005  SBOMOMYI6-M9393GHMOL  Fowo  970BNOHMOdOm,  2365306MHMdJOL
969602393500  (LOMDdML  A5dMIYMAR0)  30EgdOL  EOLEBEFOMPIL  SBMMY9b-
(9393GMM0D, 55dBH0MMIOL  sbMHMY)b-M9393GHMMOL N-ol s C-ob 899339wo
©HOMWMIOJd0L M0 YJOHNJINIOL s 035300690l 083MOGH0b-a-l, Mo
MBOHMB3gYmRl  BOMYIB-M9393GHMMOL o5 R0GOSL doM™M3do. doMm™M3do
3900950 GIMo  bMMYIb-M9393GH™Om0  dMbsffogmdl  dmeng3meErme-
00MmMA06 303969080 S BYRS39bsls sbEgbl BT-0by s MB3-0l LobmgHBbY
(Srinivas-Shankar et al., 2006). 3sdGmdomo Ldgbol oxBgIMBE0sE0s F9dwgdgwos
3bMMA6-609393GMMOL  5GOLYOMDOOLOL.  F5853539000  9BEMHMYgb-M19393EHMEOL

937bJ300L Lo 39635 0f393L BEMHMYgbolsdo LMo Ma®MIbMBYEMdOL
Lob®MAL (McPhaul et al., 1991; Brinkmann et al., 2001).
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Lobdgbm  BEIMMOEYdo bdoMs Asbobogrgds Mmymes MH93MHM©YII30Eo
LobEgdol BoBomEMyomMo dmddggdgdol dmIMsEHMEMYd0. om0 093933 MMYdOL
3993w 9bs §ergdolb 256353 ds80 bgdm®s domdodommo, 0dwmbm3olEmdodom@mo
Q5 53¢ MMOOMYMIR0I0 FJ0MEYdOL 45dMmYgbgdom. domdodomMo 33eg30L EMHMUL
LsFOBBY  MERBML  Jumzowrgdo  3MIMYgboDBIds @S  bgds  MY(393BHMMYdOL
M50MmEIbMOM030 30MJ0d0MEMO 565E0DO. 9BHMEMSPOMYMIGOS 03935 LETNSEIGOSL
d0MHM3MWo  MY3I3GHMOJOOL  WMIdODO3o0l  DlEo  goblobwzmobsmzol
U39308B03MO  YXMJOId30, FogMsd 396 LOBOZMOZL FOGMBMEIOL  MY393GHMMHJOL
(Winborn et al., 1987; Ruizeveld de Winter et al., 1991).

56MHMY96-M9393HMMYdOL  MomEIbmdMogo  FgBslgdolismgols  Lsdobby
M550 0d9bm3obBHmdodomMo 3gegas.

3bOmMAb-09393G™M0L  9Ju3Mglools  AsTMBOgEgbs  094gbgdgb  MmG®Tsyo
00mbmng®Mdgb@ Mo  Ggmgdgzol  dgomEl.  33wgzs 9x8wydbgds  30MTMabols

3960duosBsL s AMBY BOLBIGHIDL AoTMZWgbsL. 0b3mds3ool F9dwgy bgds
553000530600 36000900 39MMJLoEsDOL FgmMmEOL  49dmygbgds. boFMHgdo

0632990600905 8bm3wmbmMo 563 0glidobwm®mo sbEolbgmwom, Hmdgwois Bogzqds
1:20 36m3mOEgoom 37°C-Bg 30 ool 356d53crmdsdo.

(5000M0BMGHM3MOO 33e0935 9B3v)dbgds M5EOMadBH0MM0 GHILEAHMLEIOMbBOL 56
G500l (5a-030O™M  EguGmMLEGIOmbo ([*H]DHT) ®s qu@®oomen-17p
([FH]E2) 9580bbogqdol 69a0L@EHMogosl. 250mygbgdmwo 99mm©o3gdols dobggom
3965609396 M5O0MAMIR0ME @ HOEOMIGEHMOE0 IGNMEIIL.

50MIgBHMool MMl 4 dozmhmdg@®mo Loljol bodwmdgdo ©osFMoer 0dbs
360LGHGHOM, ©3MbEG9dY 0dbs Lobogbg 90bgdbg o @IGsOM odbs NTB:2
»0063290 d0030L™ 5dLobgwo 9dMELoo.
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3bmMAq69g30L 56 guBHMMYgbgdol, 56 MmM039 93933 MMJIOL MM IbMdGH030
9b65¢wobo bgdmEs FGmEMmbBg dgledhbgzo (FoLaMmBg30) doOHM3BY Fobewrsagdmwo
3963bol Jom33wgdol dozmmbim3do smzwom (Arnold, A.P., 1981).

65©0MIgAHM0Mwo  bswobo  gxumdbgds  sbOMYgb- (b  guBHOMY9b-)
0939336 93000 MooMIdBH0MM0 EHJLAHMLEHIOMBOL (56 guE®mIsLomEols)
dog6 959mlboggdmeo gbgMaool ,oFgesl” b3gEgosw® dmgzergerdo F9dymado
50MEIbMdMH030 sBsoBom. 53 FgOMPOL IGO0 50[gms obowgm mszdo
»39LOS S F9MEYdO®.

3bMMA96-M9393@GMM0  Imbsfowgmdl  MxMHgIwo  3OMm3gLYdOL  BoODHM
139430,  OMYMOOESS  IOMEOGRIMS(305,  ORIMNIBE0sE0d @S d3MIGMDbo.
36mMQ06-609(393G™MMgd0l 33e9358  3563609oLol B-X 9GO0 FoJM0sb0 OSdYEO
Aodo  1-ob  9Ju39cm0db@GHmeE  FmEgby,  OMIgwos  AdIM(3gMwo  oym
LEHOI3GHMDMEHMEFO0BOL B0 PMHYOOL FMSZ5WKIMSPO 0b0gJ300m, FoBMOz3E0bs
3MOE9305 SBEOMHMYG6-M9393BHMMLS s P-XMJOIIOL 33M3EHMB/3OME0gGMS309L
dmeol.  390dm©,  s0dmBbs,  MHMI  sbmMY96-Mg3a3G™MoL  gdudMglosd
B-1x 6909030 3038 doomfios 9HMM0s60 FogMm0sbo ©OsdYGHOL 30MMd9dT0, 909y
30 036 bMdom s 36083690 m3bs J93(306009, s LEGMPMPI PoJMs FodMosbo
050930L dm30069000 350090%D9. 5d5bsbs3g, TUNEL (Terminal deoxynucleotidyl
transferase dUTP mnick end labeling) - 3m%o@om® B-9x6Hgogdl 06 sbews
36MmMA96-6093393G™Mgd0lL  A5dw0gmdImo  gJudcmgbos, bmwm  Kib7-sgdom
B-mx 6909030 30  bOMAIB-609393GMM9d0 do0sb LMLEHSE, 96 momddol o6
3@0obgdmes (Li et al., 2008). Bmyoghomo 0330935006 sHDOHOom  sbcmmyqb-
M9393GH™M0  Jgodergds  4obgl By ©9gdol  93m3GHMbol  ghHm-9H o
bgwdgdfigmdo, bmwm  bOMYI6-M9393GMMOL  9BFGRMboLGHO B sdoo
B-1x690900L  3OMWORIMHS300lL  bgedgdfymdo. Fod@mosbo @osdgBHo GHodo 1-ob
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39630056M900L5L, BEMHMYGb-M9393EHMMGO0L 9Ju3MgLoOL T9dE0MmYdS JMMYES3E0530S
B-xM90q00L 53m3EGMbob 399306M9d5Lmob Qo 59539 "X )00
3OM0xgMH30sLbmsb (Li et al., 2008).

3. @obds 25003305 9BOMHMYG6-M9393GHMMOL  MHMEo 30600033930l
©30dedo. 3sb  Fmbgbms JoBbMdMOz5  ,00mgmm”  9bMMYgb-M9393GH™M9d0
3935¢)M303G9000, ®ol Fgogassg 99Jdbs 30MHmoa3900L 9.5 H-ARY bsbo.
8 33060560 Fo@og3ommMormo 33900l 909y, 3596 H-AR”Y 306060093900
39b6m30ms6msm LodLvdbg s w30dwol bEgoGmbo (Lin et al., 2008).

@bmdowos,  GMmI  ©30dwol  LAHJOGHMDO 9939000908 0blEobolodo
9363dbMdgermdsl (03938  0bLYYWObMYHOLEHIBEBHMOOL  FoBOIL, o3 3w0bgds
0bbEobol B0 30deoLdoYMO A 3MBOL 3OMEYIJ300L 396M- 96 bs3zergds
oM Mb30m.  Fo0oW3oMMomE  ©0gBsbg dymgy H-AR-bL  xodol 8596
306000939830 25dMm3w0bs MBImE 303960039005 S 0bLwobMGHBOLEHIDEHMDS,
653 J0MDomMIdL  2e)3mBoL 3mIgmbiEsHBol s 0blmErobolado JyMdbmdgwrmdols
©M03935L. 535LMbs3g 658396980 0g65, HMB BMLGsEH0OWObMBoGHME 3-3065%B-0b
399300900 5JGH035309, 3MMYEs(30505 ©30doldogMHO Ae)3mBOL 1g3Mg3E00L
39909690536 s 0bLYIOBbMHGDBOLEIEEHMOOL 39630569356 (Lin et al., 2008;
Yu etal., 2013).
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osgo 111
3sbogms S 3g00MJd0

33935 BoGos 03569 x 93560330000l Lobgermdol mdowolols bobgwdfogm
<603960L0EJEHOL 5 ggLsbMg bs¥0dz0ol JMOHBMEMY00L 0BLEOEGHEGHOL doBIDY.

99b3960096¢0 gobbmMEogs Wistar-ols x0dol mgm® 300ms2390b9, sB939
399mygbgdme  0dbs  Lostdogm  dsLoews  (domermyool  @md@méol - bgwro
©0EJOodol  9Ju39©MH0dgbGHgd0; J399mo domomgdmeo 0dbgds, vy 33930l
3900 RMST9I6E0 2obbmM09e©s Lsstgogm Fobosby).

33930l 29305 9330300 0dbs  segduobmg  Bommodzools
dmOBME™mao00L  0bLEHOGHMEHOL domgmozol 3mdolool Lbbmdsby (2015 ool 3
09996030l bbmdol 0530 MIs6] - 3OHMR. brnsc F03obsdy).

99b39M0096F Mo 33¢0g30L  OML IGO0  0YM  SOMEISEHMMOIENO
3b™39gdol  ImzErols s 309000  250mygbgdols  dmombmgbgdo,  H™IgEros
M gdos 583 gmHMm3beo 53509g30900L gOHM3bme 339300 LOdFML FogH
59(%)30(390990 o0 s0bom (Guide for the Care and Use of Laboratory Animals (8th
edn) by the National Research Council of the National Academies Washington, DC:
National Academies Press, 2011 - NRC 2011).

3300935 Bo@ots 353Mmdomo Bggbol dgmeg 3mb330999MEGH™MEo 39MomEOob
DOHILO Wistar-ols x0dob 100 306:00535%9, Hmdgarms {fmbs dgopqbos 180-200
3M50L. 3bmzgmgdo  gobmoglgdmmo 0943696 303500830,  0bEO30©YSEIME
2509030  LEHIBIOEHMW 39I3gMe¢ Mg 24°C, Lobsmrols s Lodbgwrol 12-
L5060 MB35 gMdOL Mg50Td0. 339008 Mo30Mmbl F9oyagbos 3mddoBoMgdmEo
1533900  JMPbYgdoLsM30L (333605 KIKI -ob 36Hmnd30s). 3bmggergdols
593995 153390056 5 Y56 0gm Msz0LGso.

15330930  XdMBJdOL  3bmzEgddo  FodMosbo  OdYBHOL  BMEYOMmYdLs
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396 96@om sermJusbols (Chemos GmbH & Co.KG (Germany)) 96ox 960 99935600,
0633900 ™bgommMs©, @mboom 2,0 3y 10 g (mbsbg (Furman B.L., 2015).
0609930900 bmO 309w ©gdm©s boMdom gogHol b6 3MBol 3omMddTo.

Lo3MBBHOME™M  Xamaol  3bmzgwgdl, sbgzg  BoMIMBolL  306MHMdYdO,
06@®539600GH™bgo M5 913900 JIMOIm BODOMEMYoE0 blbstro;

3539900, HMIGNSE 2969930005600 SEMJLsbOHO EOdYE0, WIYMBO
0965 mmb xama3o:

I xamgo 99500065 20-05 3060009359, M®IgEoms 250m33093d (306
309my3565) bgdms  9emJubsbol  0bEHMI3gMHoGMbgowmmo  0bogdaoosb dg-15
QI3

II xamxz0 095090065 20-05 306000350, GMIGEOms 250M3300935 (3000050
39909g3565) bgdms sermglsbol 06@®a39MH0EHMbgswmo 0bogdio0sb 30-9 ®aU;

III xamxz0 dgoaobs 20-05 3060009350, M®IgEms 450M33w935 (30D
299My3565) bogdms senmglobols 06E®Ms39Mm0EMbgsw Mo 0609j300sb 45-9 wqls;

IV xam530 895009065 20-85 3060053359, H™IJms3, ©)Yg0mwo sermglsbols
06¢®539600FH™bgom®mo  0609d300056 31-9 ©Egl, 15 ©EolL  gsbdsgzenmdsdo
"39009dm©s 0,5  dy.  LobmgbBmdo  MHsEomMobydEmwo  sbdmyqbo -
99000 EM09bMEMbo. 58 X3MBoL 3bMm39wgdol 2odm33zeg3s (30IL odmY3zsbs)
bodms  5wmdbsbol  0bFH®ma3gmoGmbgowmMo  obogdioosb  45-g,  sbw
99000 EM09bmEmbom 83Mbsgrmdols 89-15 wgl.

300056 259my356597g 1 L-00 5EMY, HMYMOG Lo3MbEGHMM®WM, olig Lo3zwgzo
X3BJO0L Y39 3b™39U, 996M0L Bo®3mbols 306H™d9gddo
06@M339M0FGHM™bgs M5 3900©Jdms 3,7x104 Bg LobmgBmmo Gowomad@Eom®mo
3b®mMaqbo - IgmowGHGogbmermbo [17a-METHYL-3H] (R-1881).

656H3mBJo dgmxzo 3bm3zgegdol J390m M) 396096 300gdom Lobbels dsldo
3 3mbBol,  03MbmOgodBHomo  obbewobols  (IRI),  3mOEGH03MLEHIOMbOL,
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IBEHMSQOOMEOLS (E2) Qo ALEHMLEHIOMbOL (T) 3Mb39bEH®o30g00L
249BLsBEzOOLIMZ0L.

LobmgbmMo  MsomodBodmo  bMmygbols - FgomowEH®mogbmembol
0609930056 9H»0 Bosmol 939, OMAMME Bo33g30, 0BY BoZMBEHMmMEEM X AMROL
3H™390gd0l 3000050 353MY3565 bgdm@s goghols 656HZMBOL gom®dsggdom.

3bmggmgdol  Logzwowol ©5Mdobmsbsg3y, 30360mJoMmMH0wo
bgbsfgmgdol  godmygbgdom  bgdms  39630golol s  M30dwol  $3M3zgme.

3563609obols  98m33eg3s  bgdms Lo ©O0sdgGHMM0  (33€0E)d9gd0L
53LBEGHMMGOOLS s 98 (330 gdgd0L botrolbol gobloBMzMOl doBbom. wzodwo 3o
3960Bgme 0dbs, MMamGE MMM, MHMAEOL MxM9gddo3 Fer3mBoL GHEMBL3MGMEHO
5055 306093060  ©M30JPMwo  0blobby  (FoLSD  sTMY30IOMOE
bmO 309w 909).

50m339000  MmMAsbmgdo 99390 gdsMgdMm©s  F9damd 53339050
3OBMEMA0O0 5 MEOMIgGHOHMo 33¢g30L doBbom.

96396000896 G o 3bMzgXgdOL  sbsfoergds  bagzwg30  XBNBIOOL o
Bo@o69do g58m33193900L B39bgd0m FoMdmygbowos N1 gbGowdo.

Lolberdo 3 30D5L 3LBP3M3O0M UGObIOEGMWO
330 HBMMJlLoEOMEOO 990M©Om (Christensen ~ N.J,, 1967; 2009),
09mbm®gsdGHomwo 0blmeEobols Qo 3m6HIMbgdoL 3Mb39bGHMoEool
39bLOBOZMOLIMZ0L 30996900 3MTJMHE0E 30E)-b536M9d9dL:  0BMBbMEMgodE oo
0bbmeobolby o LmAsGMEGM™3obolsmzol - SEA-IRE-SORIN-ol  go®dol
(LogM9b390);  3MOEHOIMLEHIOMboLsm3zol - RSL.Inc. go®dol  (35¢oxmMboys),
APAHMLGIOMbolbomgol - SORIN  BIOMEDICA -  go®dob  (0@swoo);
EGH®50Mmeolomzol - ORIS Industrie S.A. International GIS go®3olb (bLogMsbygmo).
51939 3000300 IEIEOOLS S FsIMOL Loldglm 3m®mAMbgdOL 3mb3gbGGSE0sMs
05658350 M™dSL Lolberdo (E2/T).
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40

20

3MB&6G. 5q-15 5q-30 5q0-45

0536595 N6.0bd s %60 bobogBob sgh030280b s sbGmagbrIcro G393 980b 97b36gbools
958396989¢7005 ©©0b5J035 G960 206500583980 3300¢7d0 - bea®Femsco, s¢rfbsbrdo os8gBdol

bbgosbbgs 35039 @8 89020¢BG0gbercmeboo> 8ze3bseredol F9dgs. (99603365 Fyg930e0
bs B9800 b5K3969805 965390980 4396:65¢»m80b G99093).

505b06539,  smdusboll  0bogdEoosb  45-9 gL ©5530JL0MYOMEO
dmb5(399900L goblbgeg90s 30-9 @Ol IMbs39090m96 - LEBSEHOLEH03MMI© LsOFIMbm
SO 5GOOU.

b, GmmeE Bgdmnm 5036036gm, godwrgds 353006 9dMEIL  SeEMdlsbols
©535H056909wo  95399BHOL  ,00mfOH35L“  45-9 Eobsmzol (Lenzen S., 2008).
0bbEobol  3m6396@GHMo3ool 89033060900l 35M9EgEMS©  BHJLAHMBEGHIOMbOL
3Mb639bGHME00l 8993060905  0bbAMBdsT0s  FMs35e0  A5dM33eg30L  F9EIRb,
03003 595139 B0mOmMYdL 565 FbMEm© 9Ju3geHdx6EHT0, 5®53gE 3eobozsdos
(Pitteloud et al., 2005b; Kandeel et al., 2007; Grossmann et al., 2008).

3039600399008 30039080, AW3MDOL  AIDBOHPOO  MomEIbmds  S©F93L
3935¢)m30390do  (0BLmErobo  sMss  LoFodmm gy 3mBol 39353 ™303Jdd0
39L30oLIM30L, oL LsFomms YYrMgEoL Foabom dobo MEHoWoDbszoobmzol) (Kelly
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D.M. and Jones T.H., 2013), 3 byl v{gmdl oo Hsm©gbmdoo 3omOmdlowols
5©035¢9gd0L  Fo0dmddbsl. gl, mogol dbMogz, BOHol BAX  (Bcl-2-associated X
protein) 36MH™M@Egobol  MomYbmdsl. BAX  sbGodmwomgdl  dodmdmb®oosb
3OA™JOHMB-C-b 459M530LvYIBGdL, M3 M3V 53M3BHMBOL 3oL35L: 5dEHO0MOIYdS
3oL3sBgdo (caspase) O 30MMPYdS 53Mm3GHMDbo (Francés et al., 2010).
303m0blwobgdools o,  GgLsdsdoLs©,  3935@M30GJ0d0 A y3MbBol
53309008 ©5d390m9d0L  306HMdJOTo  SOIOMWO  53M3GHMBOL  godm  Mbo
39d9md©EIl  ©bd-ols s ©®B3-ob  Lobmgbol xsdMGo  dsB3zgbgdgero. gL
3LAHMO©Yds  B3z9b0  9Ju3gMBYbBHJOOL  T9IYAJO0m,  OMIGMs  MobsbTo3
5emgbsbOHO 00 EHOL IMEYErol 99Jdb0sb 39-15 ML M30ddo JEgdmEMBL
OH0amO3 ©bd-ol Lobmg®o (44%-om), sBggg ®63-0L Lobmgbo (29%-om). gseglo
3000560905 5006036905 odM0560 ©0509EHOL LbZs 350090DE (0sMTs N4;6).
500M0bgHEHIo  IgDOWEGHM0gbmErmbols  d9g3560L 990wy y3mBols
9563969090 LoMfIMbmo 300 MEMdL s LBEIGOLEOZMMOQ SV AsBLb3S3YdS
99b396M0d96@0L 39-15 oL FsB39bxdOLOYs6. gl Fgodegds s0bLBSL 0dom, Gmd
AILAHMBEGIOMbo 3935@™3E0GJdT0 SBEGH0TINWoMHgdL 0bLYIEobols Mg3g3GH™mEmOL -6
ol LobmgBL, Mol TgIROI3  3935GMEOGOL BY30MHDY dE0gMHEYds 0blwobols
69393GH™M0L  9Ju3Mglos s 9800  0HBMPYds  3935@M30GHOL  IMI6MBY MBS
0bbEobol  80dstm.  sdob  Fggas©  0bleErobol  83390mGs  99330MYdYICO
509gbMdsE 30 L3OO BYds, MM OLEHOTNWOMmML 39353)M3E0E9dd0 dgbveo
3300l MEGowobsos (Kapoor et al, 2006; Sato et al., 2008). 53sbmobsgy,
0bLeEobo  SLEH0TMEOMGOL 53MIGHMDBOL F50b30d06Mdger 3ol - XIAP (X-linked
inhibitor of apoptosis protein), GMIgo3 ,9d9bMHYFIBL* 35U35DIOL o SBYMHGOL
33m3GHMbBol  3Gm3gbl  (Frances et al., 2010). Bggbo 9mbs3999d0, G™Iwgdogs
801®0mgdL, HMI gaBMYgbMo sbMm™mqbols 9993560l 9999y FoGvmdl ©bd-ols
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(24%) 5> ®BI-0ob (8%) LEbmgHBoL 0bEIBLOMBS VW30dwWOl MY EMIIdT0, SEIBEHYOIOL
50 9byBOYOL (0oyMsds N 4, 6).

B3gbo  9mbo3gd9gdo  s@ILEHMMGOL 0  33¢g3505  F9IRJOL,  OMIGEMS
bobdoog  BoLEAHMLGHIOMmbom  83MMbseMdOLLL  0BMPIIMEs  0blEb-
®9393GH™MoL mMRNA ©mbg s g3y 0blwmwobols dymdbmdgermds  5@sdosbols
®30deol  yx@gdo  (Parthasarathy et al, 2009). 399303, GHILAHMLEGHIOMbOL
B9B5(330900000 0965305 35UGHMOMGOIM 300 Ms390d03 BOEos MRNA 0blverob-
(9393G™O0L @ 300l ©MbL  M30dWwdo s 93MEYJ3090®S  JVBGGHE000
39939 430 HBol 9@ 9dMmoBdol sMM3g35L (Moverare-Skrtic et al., 2006),
00139309 M5 ge03ma9gbol LobmgBL (MMmamGmE 0bEodM® s1939 JoLEGHMOMYdME TG
3060m09398d0) (Bergamini, 1975; Kelly D.M. and Jones T.H., 2013).

3bmdoo0s, MM FHLEGHMLEGHIOMbO 5350036988 0bLEobols Abgogl 9n9JEBL
30900l 5BsdME@OoBIol  2od0gMgdol mzslsbGmolomsi (Shahidi N.T., 2001),
099939, 50 dmddggdol gdsboBdo Jsblb3zs39390s s 98wmdbgds GHIuEHMULEHIOMbOL
9mbsfogmdsls GLUT2-ob G®5bL3IM03(300L5 (N 39Jbm3065%Bobs (N
RLBMROHNJEHM30b5D0l 96B0IMMHO 5gdE03m00L BEMsTo (Sato et al., 2008).

35657©MdY6 MM GHYLEHMLEAEHIOMOL Fgodwgds 3dJmbogl 3o6Hs3oMo 9x39d@o
GLUT2-0b @®MsbligMoxgEosbg s mRNA-ol GH®moblms3os®g. dombgosgs@ 0dobs,
MOmd  5bOmM96-M9393GH™M0  oO Mol 0gbGoxgogomgdwo  GLUT2-ob
3OMAMGHMOME  Mga0mbdo,  sbOMA96-69393G™ML  Fgmdwos  Bmbdiombotgds
MMamOE  @oQob  2ods0dG0IMgdgw  BHMIBLIOOREOOL FBodEBHMOL s GLUT2-ob
99L3MgLooL Yodmf393s, MMYMEOF ETMM30IOS, 0L bb3s 2o8s5gE0IMdGdMSD
3003065330580 (Yeh and Chang, 1996; Mcewan L.]. and Gustafsson J., 1997; Aarnisalo et
al., 1998).

50LsB0dbs30s, MHMI  gaBmygbmMo  BEOMYbol Tgyzsbs o6  dmgddggol
0bbEobol  3mb63bGHMOE0sDY:  FgmowEH®mogbmembom  339Obswmdol  Bmbby
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0bbEobol  3mbBEgbBH®SE0s 96 033Wgds. ol 9O  Aoblbgozgds  seEmdLobm@o
©05093H0L dmgeol 563 30-9 EOL, 563 45-9 oL 5839693 0LYSE (bMowo N4;
0530535 N2). gl 5sbGHMMIOL Mg 50b0dBMeE IMLsBEOYGOL, G 356536M9sL0b
3M6dMwgdol  B-oxGgEgdo 306y Mdm©gbmdom  FgoEeggb  9bMHmygb-
M9(393GH™MGOL. 530l  godm, SeMJLobMO  OsdYGHOL  306MHMdYdT0, JAbMAEMGO
3bmMAqboL MIMsem 9x839JE0 9bMIM0bM 35630g5LDg (Fol gosMbgbow s/s6
653e0gd50 ©B0sBYdMem B-mx69090bg) bogergdos. s8sbmsbogg, LodbogbmGo
553509008 @OML 3963695l B-xMggddo  9bMM96-M933EMMYdOL
50Ebmds Fo@Memds (Li et al, 2008), Gog 5©ILEGHMMIIL 58 M9393EGH™MHJOOL
»00000030L“ o ,396600030L“  TglodegdEMdLL.  sEmJLIBMGO  OdYEO
LodLO3EMMO 55350YOOLRYD AoBLb3939d0m, 56 0fj393L 98 MY MYEYdOL SbEOMYYE-
093933™M9d0L Mom9bmdol BOL.

bbgs  byyGsmos  ©30dol  Jumgodo.  sEmdbsbMo  EOsdYEOL
9mgo®mq00s6 31-9 @Il sfYgdero IgPOEEHMOgbmEmbol ym39w®omMo
0b60gd30900, 9379MbsEMmd0L  ©sfYgdob 15 Eol d9dwgy SILEHMEMYOL, G0J
©b63-0b @y GBI-0b LobmMgHBOL A3IMOYMGOSL ™MD  sbEsgl  FMEO3WMOMGO
39353™303900L  MomEYbmdol  bBMEs  sEmJusbm®o  osdgBHoL 30-9 s 45-9
OILMsD  FgsMgdom (LMoo N155,8); 53sb0obogg, 96 godboMgds Ki-67
5©YB0M0 39353 M3E0EGHO0L M5MEOIbMdOL BMH..

50009bs, Lobg®gs ,894oM0“ 3MWO3MOEOs - 3935GME0GHJOOL JoGHMbdOL
3999303900l 3569389. gb  BogBHo, MMIWOl  Sbsewmyosg B3zg6 396 dmzodogom
oA 9M3GM580, 090aMd 33¢0935L5 S 5009335@1I6 06EIO3MGEHOSF0L L FoMMYDL.

Bggbo  9Ju39M0ax6EHOL  TggAgd0  B0OMIOL  SMJLsbMMo  OsdYEHOL
300039030 gLGHMSOMEOL 3:mb:396EHMS300L Bo®dMbmo Fo@gdsl BHglGMLEIM™bOL
306396G®o3ool 9993060980l  Bmbbg. gl Mbs  Sboboggl G
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3500MB0DBOMEMY0v)O/3500MmJ0T0E M9god30sms 899aL. 39M3M, sermdlsbols dogH

3960 MMgdme B-mxMH9gddo 833900M5© 8306@360 061)(3@0601) 509bMBdSL.

Q."\—.‘-' :\ e \ .".
V. .A. % .’.’ 1.Q .'."
o0 &% ¢ o)
’ “'.1 .‘"7‘.’ 04 “’. ..q
te ..4 ¢ .0 lete ® % @ >

b@somo N15. ) merodermoos, 3935¢9030Ag80b dodm 980l 3ss7(903980b 35659389. 50206036985
QO30 IO0 OS5 AIHPIF0OL)H0 3935H30HIO0L 9HMB0mds. H&E. mbogddozo x20,
M379¢360 x15. 8) 08039 brytsoo, ©sd793539829¢70 ReaHIm3000. QOSCP0IG0 805033980l
6099980 Jgdeabs braeros 35690, AIAOPS3r20IH0 806023980b - fooremsc.

0bLEobol 653wgdMdOL oM 39096  LEGH0TMOMYds  BHILEGHMLEIO™bOL
Lobomgbo.  BHLEGHMLGIOMboL  F9d30MgdMwo  3mb3gbGMsE0s  3gMe®  sbgMbgdls
03903963  @03Mm3OHMEHJob  03sBsll  06300030sL. g §gMTG6GHO, Od™IgEros
95390905 3b0dM3z560 Jumz0wOl 3530wl gbEMmmMgEodol dgddMBsBY,
35099300 8O0 JomBozmMmbols s  doosh  @idswo  1od3zzem030L
©@03m36MHMmGHJobgdologsb  (VLDL)  250m5m306mx3emgdl  G6Mogeo3)togdl,
MMAq003 50H93L @O WsRYds 5E03M30GJOT0. Sbgm 3060HMdYIT0, SEO03M(303HJOT0
5dBH0mM©9ds 539MH9BEGH0 5OMBo@ oo, MHMIGE03, 930l IbM03, g3 F99(30609dMeE
AIBAHMLEAHIOMBL 2om5dabol guEmmaqbs (Hayes et al., 2000; 2001).

505b006539, 50Ls60Tbs305, MMI JuEGHMOOMEOL 3Mmb39bEHMSE0s, BMIgwos
9m353H90wos 9du39MH0d96E0L  yz9ges 35oYY, FgmowEHMm0gbmembols 0bogdzools
89997 03€gdL.

Domdmygboo  dmbs3gdgdo  sSLEGOIOL, MMmI  Lsldgbm  LEIOMOYdOL
50 IbMdM030 (3300090900 3603369 m3zbs MOl ITMI0WIdMEro 0BLYYICObols
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@S 3wo03gdool  mbgby. Lol 3mMHIMbgdol  ToBgds o bgdu-3mE@IMb
09053530060909000 aemdmwobo (SHBG) 353306305 30390M0bbvyerobgdostorsd (Haffner
et al, 1988), bmwmn GabBHmLEGIOMbol ©sdswo  ©mby byl  Mfymdl
0bLobmgBoLEBHIHEH®IOL 2ob30ma0gdsl (Pitteloud et al., 2005a).

B39b Boge  MooMIgEHMoo  FgMmEom  BsEIMdMEo  9JudgM0dgbEol
39099900 5839690L, M 5¢mJLbsbmMo 0sdYEOL 89-15 EEIL V30Ol MY MgEYdTO
594BHoMM0  3bmMYgbmwo Mg3a3@™MgdoL gJudMgliools 3sB3969dgwo To@ M mdL. gls
539430, 3830J0Mdm, 890dwgds s50blbsl 0dom, MM EgLEBHMLEHIOMboL d90306Mgds
03936 9JBHOMmO  M9393GH™OMYO0L  39TMMOZ30LIBGdL @S FJEOIRS© o
dm35@ 90 9Ju3MYLOSL MoOoMdBHomMmo H3 GHbEHMLEHIOMbOL ©sdsEHgdol J99®gy
(0b. Bsbogrs s FgNMEYO0). 585LMsbs39, FodM0sbo OsdYEOL Jgdamd 35090y,
AIBAHMLEAHIOMbOL ©IBR0E0EOL F9bs0MbMbgdol BMbYY, sbOMYB-M9393E MM OOl
99L3Mglbool sB396939w0 3e0gdMMBL, o3 FgodErgds S0blbsl dsmo 89bomdgzom
(«mackupoBka») (Moudgil V.K., 1988; TennepmeH [l. and TennepmenX.,1989). 15 o@ob
396853mdsdo  BLobmgbMMo  bOMAbom  F3MOHbsMds s BHILEAMLEIOMbOL
306396¢®5300L  2BM©OWwo  MomEgbmds Lobbwdo o0f393L 98 ©9393GHMMIOOL
»3ob600d35L“ («AEMACKMPOBKA») Q05 Bom 5J@035305L. 395d@0Mgdvero M9393EHMMJd0
393006000005 ©50Mmdd@Gome H3 9900w @HMH0gbmembl, o3, 3bsos, s0Lsbgds
3bMmMA b0 M9393G™MgdolL gJudmglool dobMowo BsBz9b9dom ©V30dEIOL
Jumgodo.F

Bggbo dmbsggdgdom, IgmoEEH®0gbmEmbols 3993960l o 3sBINOO
AIBAHMLEHIOMbOL 3mb396E G300l b0l 35B396939wmsb  Josbermgdols ggas©
5006086905 560MHMY96-M9393G™MGO0L QoMo gdudMglos, mwdas, ol beaMdol
958396909l 396 dGMBEYds (0saGsds N4,6). d0mbgszs 0dols, ®Mmd dobo

50EIbMdMH030 YOS byl Mfigmdl ©30dwdo g3Mbd30MH0 s SI3GSEO-
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3™0339bLoEoMEo 99doboBTGOOL  S©ABOL 3OMEILYIOL gosdEoEmqdsl (CMMPHOB H.,
20009).

099939, 96EMHMYg6-M193933MMGO0 BoMME ML FoMdm®ygboo 85353530l
5 ool ©30dedo, 1939, 9GO s dEIEMO FMOEbgdol ©30dwdo, doLo
M5MmEIbMds  ©odM3000s  bdgbbyg.  OILEHMGOME0s, OMT  SbMMY9b-
©9393G™M0L 9du3MHglos IMDBOHEOEO FsTIMO 300533900l 30000 B MO0
20-x96 MRO® Fo©4E0s, 3000609 IEIVOO 3060ms339d0L w30dwdo (Chatterjee et al.,,
1996). 5358056539, 9B6EOMYIB-M9393GH™MHOL 9Ju3MgLlos ©30dwdo MmM039 bglolmazols
©53M300900s sb53BYE. 36937909MGIGI s15359Y SBOMYIB-M9393EMMJOOL
994b36gLOS 50D  BOW0S, FYBHOE, BA0MOIE® MOMJIol 9O 3w0bEgds. oo
50E9gbmds 8339060 BoGHEMdL  3mbB3¥IOGGVI  39M0m©do, ™3,
0900pma, bobsBAME  SBv30  MIBPIMIbMOOom  FJ30MEIds s 22-24 ™30l
30600939330 00mJdob d9wdegdgeo bgds om0 dodmzargbs (Supakar P.C. and Roy
AK., 1996). gl 5LEGHMOIOL, ™I  BMOMYIb-M93I3GH™MmId0  ©0bsdozmemo
BAHONIAHINJB05, 5boll0smGd [oBmddbs s WS (RoJMMdS) 96, MMYMOE Bgdmm
5006086 - 89600035 @ ,296600035%. 535Lsbs39, om0 FoMTmgdbs s .MM
3M6O95305805 BguEMLEGHIOMBOL 30639DEGHMIEOLMB.

4m39wogg s0bodbmeol gomzsobfjobgdom, Bggbo Lozzwrgzo 3Ebm3zgegdols
LJgbo o 530, 3330dMMdM M3EH0T>IMSE F9gLods39dMmE 330930l sTM35690b.

09y B3960 33w930L 9909ag0L 939%IMIOD OoEBHIMOEIOOL dMbs39090mob
(Shen M. and Shi H., 2015), 890dqds 35033650, @A 35969ddo GHgbBH™ULEGgM™bo
3bMmMA96-6093393@™MgdoL ,aBol“ d9dz9md0m BOHOL  0blMEPob-M9393EMMgdOL
99L3MgLOSL S A03MRg60L LObMYDL, SFEF0MIIL Ae039005L5 S 03MYgbgbL
byl MPgmdl  JmeglGgemeol  ©oM™m3gosl  ©30dwwdo.  s0bodbmemols
3°0350b{iobgdom, Lobdgbm 3mEmAmbol M9g393GHMMgddY, 39MHdmE,  SbGmM6-
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09393GHMM9dbg  Bgdmgdggds 390dqds 89033930096,  FogM0sbo  ©0sdgEHOL
3™03¢9dbmMo 8390BsMmdOL sboe, 3m@HgbE0IO 396ML39gdEH035L.

3 mdlobmMmo 039GOl E0bsd03sd0 Lolbdo g3MBol 3mbizgbEHMmEooL
353905  9bb3z9MsTos  5@I3BHOE0IOH0 3mGIMbol - 3mOGH0ZMLEHIOMbOL
3Mb639bGHMS300L F5EHOsLmb. gl Bo3gds G90dEgds 459M{3goIero ogml X M9ggdols
909 A3mbBol  39M-5m30Lgd0m: S  30MMYdSd0 3O E0ZMBEHIOMbOL
(5m©gbmdol  Fo@gds Fgodmgds 0oyml  30m339bLoEMOMEo: ol SbiGH0IMEoMIOL
33069 MmaabgBL - 3OHMEqLL, HMIgEoE 0OHM390s )3 BOL 53w gdMBdOLLL, ©d
Aol EOHMULsE 300D s 580bMB:153900056 YN MJIO0 1535 Ho®BdmJdbols
3<)3mBsL (Imai et al., 1993; Andrews R.C. and Walker B.R.,1999; Kinote et al., 2012).

d00gdmwo dmbs3gdgdo 930639690L, MMI  SErmJusbMHO Osd RO (33Ol
Lbobberdo  MHmymemE  Lolggbm  BEGHYOMOoYdOL, olg °9I3GH30OO  3mMIMbol -
3MOEG030LGHIOMBOL 3m639bGHME0L, oG 5IBEHWMIOL ,,d9ESOMEMMo LEHMGLOL®
56LYdMdSL  (CenatnukanB.l., 2012). ga®maqbmds dggyzsbocro  sbdmyqbo 30,
Bo®(Imbm 531v9939d9gdl 53 LGGgbol 9i39dEU.

930M96mM0  sbOmygbol  Fggzsbs  I60d3bgemzbo 5 TxmdYLYOL
RbJgocs  9JBHomeo  BMMAIB-M93g3GH™MOL  9du3cMglosl,  GMIwgdos
dmbsfoergmdls  3935@M303H9ddo ©bd-obs s MBI-0l LEbmgHBOL  AsdW0gMHdSTO
0009bs@, MMI 53 3MME9LYdOL 0bFBHIBLOZMBdOL F5B396909L  MobeMgdl Bm®dol
(LogzmbEH®™ xaxz0l Imbs39dgdol) dshgzgbgdgenls.

506050, B3GHIMOMO 33093900 5QLEGIOOL LobMgHBMGOO sbMMYBgdOL
QY0  HgImJdggdsl 383G 30605339080  5EMmJLIBMMHO  OBYEHOL MM
39630005098 B0 33O IdYObY.

595056539, 3oLsmz5olfobgdgwoy, 60d 39000 GHM09bmmmbom
93790bsemds  sbabl A 3mBol  3mb3gbGHME00L  bmMTooBsEosl, obg, Mmd
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365JBH03MNo© 56O 33eolL 35630950 0blvwobol mbgl. 04039 dggao 0dbs
6583969%0 Lbgs 93310350900l dogmsi (Didebulidze et al., 2015).

50b0dbosb 2409m30bsmy, mbo 303565990 MO), OIUT]
99000 GHM09bM™bol  (BHguGHMLGHYOMb0) 0bogdgogdo  Bogargds  dmddggdl
03o@0E F-xOIEIPBY ©s Jobo ©IEYdomO FgBHadmEco 9BIIHO 9B
bbgs, bsfowmd®mog Hgdmom s0fgmoe 39dsboBdgol. sdsl bgerls «bs MfHymdgls
b90mm  50b0odbMo  BogBo, 3J9OdmE, 35630golol  B-MxMgddo  SBMMyqb-
(9393G™M9d0L  LodzoMg.  LsorogPMmE,  BOOHMYID-M9393GHMMIO0 b3S
3Mbmgddo, dso dmGoL ol 3Mbodo (Ruizeveld de Winter et al.,, 1991), (6w
Jumg30d0/MmEMQs6MTo, GMmIwol MXMHggddos Y3 bBol Lolbeosb  assligars
»0bLYE0bsdM30©JOIMWO™ 3OM39L0s), 939 ©30dwdo (Shen M. and Shi H., 2015),
M@AEoL X 609090d03 (3935¢™M30%90d0) Lolbosb 2 3mbob
25005L30olLsmM30L, 0blwwobo 96O MOl  LsFomm  (,06bv0bEITMM30gdgE0”
36MOmEqLos).  0blmEobol 653w gdMdOLLL,  GJLEAHMLEHIOMbo  DBOHEOL A 3Mbol
A®5bL3MOEOL  LoBstgl FMMEBYgdol BmbBRbol 3Mbmgddo. ob, oblwmeobolysb
©59M300090¢5©,  59dBH0MdL  cAMP-©s9m30090wo  30m@GHgob  3065Bsb,
GHmdgoi DOHEol AMP 3065%0-1-U, Mg byl ¢figmdl geomzm®Bol GGMmobldmemEu.
ABAHMLAHIOMbo  Bgdmddggdl BmBRbol 3Mbmgddo s®LYdIME sEgbmBob Al-ob
09393GHMODY, OHMIGoE 99IxMOgLgdL A Y3MDBMEHMEIMBEHMIL FoMHMoy390T0
(Kelly et al., 2016).

o3 099bgds  BHgLAHMLEHIOMbOL  Bgdmddggdol  99doboBAl  w30dols
Jumgoedo, ob Bgdmo 0gbs smfigHowo.

50009650, 990305 93913360, MM FJuEMLEBHIMMbO SIOOM Fo3egbsls
bgbl MmM039 #Ho30lL Jumz0wol/MmGmYbml FgEsdmmoHBdBy ogddosbo ©osdgEOL
306d90d0.
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V msgo
39058905

993Ho0m@mo  LObEMmMAoL, FogMosbo  OsdYEHOLS O bmMYgbgdOL
©IBOGEOGHOL MOMN0IOM 3538000 RsMM Jobboz0l Logsbos.

Q9LBEGHMMGOIMO0s, O™ FJuEMLEGHIOMbOL IRoE0GH0 0§393L FgEIdMEYE
LBobEOMAL, 0bLEObGYBOLEHI6EHMBL, TodM0sb ©0sd9E GH03 2-b, 303960390050,
51939 ©OLEP030@YI0SL @S SMEGHIMHOME 30396MEIEDOL, MoE, Megol IbMH3Z, BGOOL
LobbedsM3M3560 9350 dgd0L GoLL (Simon et al., 1997; Stellato et al., 2000; Oh et
al., 2002; Dhindsa et al., 2004; Pitteloud et al., 2005a,b; Rhoden et al., 2005b; Corona et
al., 2006; Kapoor et al., 2006, 2007; Selvin et al., 2007; Fukui et al., 2007, 2008; Stanworth
et al., 2009; Traish et al., 2009; Yeap et al., 2009; Keating et al., 2012) s 3o6ojom,
AIBAHMLAHIOMbOL  FoEswo 3mb3gbEHMsgool 30MMdIddo  0blvEobmgBOLEI6E MBS
93060905 5 odM0560 OdYEHOL gobgzoMaMgdol Holizo 3603369 ™M3bs B0
(Ding et al., 2006; Lage et al., 2007). 5356056539, 0bLLIobOHgBolEIbEGH™MdOL
958396900l 3egds MBOHM FoPow 3MEMYES(305805 M530BB BJLEHMLEHIOMBMH,
30069 BgOOM BLEAMLEIOMbMs6 (Rhoden et al., 2005a,b; Basaria et al., 2006; Selvin
et al., 2007).

©O3LEAHMMIOMwos,  Gmd  Lodbwdby @  BLMIB  SLMEoMYdMEO
303960bbeobgdos sbgbl BHLEBHMLEIOMbOL {oBdmJabol L 0droEosl, Fs6sd,
06O2bogl  Lgdu-3mEIMb  Jqds3og3d0Mgdgo  Qermdmeobol (SHBG) Lobomgbl o
5990096  299Mm3@0bsMg 5330MgdL  Fm3060390Mmg  BJLEAMLEHIOMBOL  MoMEIbMOSL
(Kaufman et al., 2005; Eckel et al., 2005). SHBG-ol @osdscro mbg 8ooBbgzs
39®90MmmHo LobEOMIoL s FoJM0sb0 EOsdgGHOL 396305 GdOL  3OMABMBME
958396909wos (Laaksonen et al., 2004; Haring et al., 2009) @ 3o6ojoo (Muller et al.,
2005).
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95460560 ©053930L 8mbg 95853539000 BHYLEAHMBEGIOMMbOL doEgds 58306090l
39)30HBoL EMbIL MmO E MBI, obg F590b G90YMa, 1939 F03IMBOMYdMEO
3900w mdobol ©mbgl (Boyanov et al, 2003; Ho et al, 2013), oblwwob
©53m3090ME  3530963H9gddo 30 0dwg3s  0bLYYEWobol  MmBoL  Fgdi30MgdoL
L5 qdsl (Kapoor et al., 2006; Naharci et al., 2007).

50 gmbbg, UBsob@Eghgbms 5©00bodbml, ®md  33e93900L gOmo X YMBOL
39093900 Mo®ymxzl bLAEASEGHOLE03YMs© LoMHIMbm goblibgeggdsl BHgbEMLEGHIOHM™bom
@5 ol 90989 b6s93Mbserg3  353096@JOL  FmEOL, GMIGEMSE 50960 dbYdsm
993o0m@mHo  Lob®mMIo s FogdMosbo oLdgBHO Godo 2. gl dowmomgdls o3
90850079000 253M33093900L 493MIJGIOL S30¢GIMASL.

3bmMqb900L  ©gB0EoGOL 30MMd9ddo 0blvyobolsdo Mm7BOLEHIbE MY,
b5396MOMPOME, 535300090 0s  0blErobol  dodstrd  BmbRbol  3Mbmgdols
9363dbMdYrMdOL G933l b. 300023930l 3oLEHMOE0s PMBAbOL 39609080 0f393L
259mbs@e 0blvEobmgBoLEI6EMBL - br®mImaEr039300L s 3039MH0blmeobgdo-
ol 306Md9ddo. FGHLEAMLEIOMbOL BoboMEMAOMOHO EMDIdom T3MMHbsEMdS 30
9000565 50596l 0bLvobols oBsrm M3 AMHAbmdgEwmdsls (Holmidng
A. and Bjorntorp P., 1992).

AIBAHMLAHIOMBL, 456Ms 0bLbYobolsdo dMdbMdIEMdsbg Bgdmddggdols
99539dBHoLs,  Fgboderms  3dmbgls  MBmsem  gogwgbs  396309oLBg s 39MIme,
B-mxM90900L 36 30mboMgdsDY. SLgmO 3G9 mOL Lsggwydzgel 0odenrglzs ol, MmI
3bmMaqbgdol 53390l MgMs300L 0999y 3wobads  @odmbsdeo
3039600039905 s B-xMH90900L B36J300L 305MOLMds (Inaba et al., 2005), 35906,
OT0Teely|IRYE! 3oLEMOMYdIMOo 3b™39egdol 3963695L0l X 609090d0
UAHMI3GHMDMGHME0b0m  2odmfi3gME MM 33M3MEGHMDBNO  IB0BYdIL
59166 F9OL BHYLEHMLEHIOMBom Bsbsz3egdomo mgemsdos (Morimoto et al., 2005).
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ABAHMLGHIOMmbo  Imddggdl sbMMagb-M9393GH™O0L  Lodmewgdom,

Mmdgwog FoMdmoygbl woysb-sdm30qdIe FHMIbLIO0TE300L BodGHMOL. 0d
9596 35939000, 55939 505d0560L 3563950l Jumz0Ol 3OO, HMTIWNS3
Dobolfot ©od39009dmwo  3Jmbsm B-MxMgJOolL  BOMHMYgb-M9393EHMM9gdoL
MomEgbmds. Bsbsbos MHMI gl M93a3GH™Om9d0 36083690 M356 MM 05TSTMBL
3W30H0m  bGH0IMNEWOMHGOMEo  0blmEobols LY3Mgzool  (GSIS)  AsdwogMgdsdo.
99496030 9531996905 B-MxM9gdd0 cAMP  BOEIL s 36MmEHJob 30655 A-U (PKA)
593H035305L, MHMIgeroE, mogol  dbGmog, BeMol GLP-1 (glucagon-like peptide-1)
9939dAL. 99 50dMBGbsL T90dwgds 3Jmbgl 300bozMMO s BMTSIMEOMYOMEO
d6003690mds  sb3M39b 85053539000  TodMosbo  osdgBHo  Bodo  2-ob
309396@300Lomgol (Navarro et al., 2016). dod®mosbo ©@osdgBHo GHodo 1-ob ML
abaogbo  39gdoboBdo  Bogergdo  LogsMomms, ghmo  dbM03,  P-x69©gdoL
360036900m3560  @IB0sBYdIOL,  bmem, Jgmeg  dBGO3, domdo  bMmy9b-
©9393G™69d0L Lod30MoL godm (Winborn et al., 1987).

330BoL 3mFgmlEobol gbfogarsd 12 33060l BPARKO-/y 8596 095339080
(9L ol sb305, MHMIOL F98EIRSE 079339030 30M5MYOS 3056930 Lodlydby
@5  0bLYEobOHYHBOLEIBGHMBS GG Mmo (6 bsfowmd®moz0)  sbGmMmy9b-
69393GHMM9d0L IBOEOEHOL BmEYDY) 9 33060l 496393 MdsTo ,western® OYEHOM
9.9. 399mf39mwo  39F0MMMo  LEAMILOL 30MMdGOT0  edM30bs  0blvwobols
3Mb639bGHME00lL 9993060905 s 3039Mae039305 - OMAMOE MDBIMDBY, olg L3390l
900900l 8999y 99965, OILBEMMS, MM 15339080, HMIGWMSE 509b08bgdsm
B-0X0J©g0d0  56EMMY96-0x333HMOIOOL  ©IBOEOHO, 3L0bEIds FoMY30w DS
0bLEobol gxzoEoEOLYT0, bmem ,Western® ©og@Hol 9909y -  500bodbgds
GSIS-ob (e3mboo LbEH0IMEoMmgdMEo 0blwwobol bg36Mg30s)  899306MHgds ©d
3W3M0BMEGHMMIOBEGHMO0L 496300050905, 080l F0Mbg35©, MM B-9xMHgIdOL
M509bMds 56 033egds (Navarro et al., 2016).
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96003690m35605 ®MT, 5bEOHMY96-69(393F™MJd0L  0blobmEHm3meo
a3mbdi30o 9580560l 39630goloL  396dMEgddo  3wobgds  BHJLBHMLEGHIOMbOL
30DBOMEMYoMH0  3mb6390EGHMOE00LSL. gl s@ILEHYMGOL, MM BHJLGHMLEHYOHM™bO
360393690 ™35605 85953539000 bMEMTse®0o GSIS-Lm30L. s6EM™Ygbqdols bs3eqgdmds
of3936  GSIS-0b gBOEOAL s bgEbogMger 30MHMd9dL Jdbol FogMmosbo OsdYEHO
A030 2-0l 356306900 30U.

33mbBol  3mb6396GH®300l  ©9d3909ds  BJuEMLEGHYOMboL  0bogdigools
9900099 90blbgds 0dom, MM EgLEBHMLEHIOMbo Hgdmddggdl w30dwols sbMmmMygb-
69393GH™MM9dbBg bgl Mfymdl 3935@M3039ddo 0blwwob-Mg393@mMmgdol m-RNA
LobMgBL, HMIgErog 0f393L 3935@ME0EGJOOL FgMdbMdGEIMIOL oBOIL 0BLYYobols
90056Om. 53 306OHMdGdTo 0bleobols dobodsrmmo 3mbi396@MoE0sE Bo3dsmoLos MMI
390DsOEML ) 3mbol IMbIsMds 3030l WYxMHggdol doge (Kapoor et al., 2006;
Sato et al., 2008). Bg3960 330930l F9Iagd0 53 TMLIBOIOOL  IILEWYOYOSL
Dom0mopqbL.

0596M900lgob  aoblbgeggdom,  8YGmdOL  B-MxEgddo  SBGMMA6-
69393G™M9d0L b53wgd0 MomEgbmds 396 (33cwol  GSIS-U (Visakorpi et al., 1995),
59653, L3509 ME, dIOMYdTo bEOMYI6gd0L 3MmbEgbGGSE0s MG ©
Jumgogddo  005Bg  bogargdos, 3067  LoFoOMms  SbOMYIb-M93Eg3GHMMOOL
3oL BHOMEMGOWs©  (Mauvais-Jarvis F., 2011). 58sb05b539, 000l  go0m, ™I
AIBAHMLGHIOMbo  496M©o04dbgds  guGHMMYgbs©, 9BgdAHo  OmIgoi  dmbgaL
ABAHMLGHIOMboL  0609d3ogdL, ©OEO  SEBSMMO0m  Fgodergds  [otmBmoqbL
AILAHMLEHIOMBOL SOHMToE0D3000 J0MIdEo GuEHOMYI6OL Bgdmddggdol 99wl
BGHMMY9b-M9393GHMMI0bg (Wong et al., 2010).

AIAHMBEGIOMBOL  Fomoo  3mb3gbGHME0s 85853539000  3MHYE530500
0bLeobols 0dsmm gobMEo FMAbMOYEIMBLMD. 5639, BHILEGMBEHIO™D
17b  5GMIsGH0Bs30s  gu@GMoomes  (E2)  86003b69wmgsbos 85953539000
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96960293030 3mIgmbi@sbolomzgol. gdudgModgb@do  3oLEHMOMYdME  FodMYBL,
OHMIgGEm3 3930900090 “Lrgzms” sb®myqgbl (DHT), Gmdgeroa 96 go6s0ddbgds
PBE®sommo  (E2), 96  930000©09dm©sm  Lodbwmdbg, 00  Fs9GMgd0LY6
3obLbgogqd0m, MMIGELLE 39090096 BHGLEBHMBEGHIMMBL. gl dowmmomgdls 0By,
Mmd  3bodol saMm390s  3LGHM300L 8909y 398Mmf39Eos  BHILAEHMLEHIOMbOL
2390M5Jdb00  GUEHOIOMWOE, M3 293gbsls sHIBL  JuEBHOMYIb-M9393EHMMODY
(Hayes et al., 2000; Hayes et al., 2001). gl 533063905 gomsbbdgds sermdubsboom

399139 FogM0sbo  ©0sdgBHOL dmgeol  33eg30lLsls B39bL dogH  FJogdmen
9mbs(39990L, GMIWol  Msbsbdooz  JuEGMIOMEOl  3MbB39bGH®sE00L  Bo@gdol

356595 0390L BHLEAMLEIOMbOL 3mb396E®s300.

B396L  9Ju39M0T9bEJddo Wistar-oll xodol 9536 g0Mmmoa39ddo 200 dy/3
5emgbsbols  0bEGHM39M0EGHMbgmws Tgyzsb0l 999y, olggg Gmymes Sprague-
Dawley x080lb 0096 30600330030  LEHMI3GHMDMEGHME0bos (STZ) 50 98¢/
06@®M339M0FGHM™bgsmMo 0bogdgool 998gy, WsbagM3sblol 3996dmEgddo bsbsbo
0465  69360™BMo B-Mx6M©Id0; 5396539, LEHMI3BHMDBMBHME0bMMHO 0BG
9mEby  08M6Mm3obGHMJodom@ds  33g358  8dodg  IHB0sBYOGdO  2oTM3e0bs
3500560 ©osdgBHOL s gM  BES©05H939.  bogemgdo  0bEgblomdol
0939696053090 (330w gdgd0  0dbs  s0dmBgbowo  ®30dwdo s 00 3gEoL
9053900l 9300m9wom30@90do.

5emgLsbols 96 BEBHMY3BHMBMEHME0bol Tgyzsbs BOH@ILEOM 3060 Moy390d0
0(3936 3dodg 30GHMEAMJLO3MO0 TodM0560 OsdYEHOL 2963000509dL,  MMIgEo;s
o056 203l FogMm05b ©0sdgE GHo30 1-b. 30MHM3900L 35630Mgoldo B-w9xMH9gdOL
ImOBME@MAO0MOH0 sH0sDJOGO0 MbIOMME0s 23N BMMOOm.

B-mx 690l 3300Mds 90degds godmzwoboql 6930Mmbom b6 s3m3GHMboo.

96350 in vitro 33wg3900L  Loxgmdzgabg, doBbgmeros, ®MI  B-x6ggdol
333G MHBT0 JoMH0M505 39L35D M30YOMWO 33M3GHMBMGMOo dBs. Caspase-3
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33m3GHmbol dmogeo®mo Jo®3gMmos (Morgan et al., 1994; Morimoto et al., 2005; Furman,
B.L., 2015).

0bbEobol doMomo@  39gEodME BMbJzosl HoMTmoaqbl ) 3MBol
AOBL3MOEHOL  2oBOHS  2ob03BMmErosbo  3Mbdgdol MxMggddo (Fsod  TmEOL
d0m3oM0mdol Yx©9gd0), LSSE FWY3MDs 0bsbgds MMM gerozmagbo 6
0355562905 5@B-0L [o®mIMLoddbgers, s 903M30GHJ030, Loz 0blmErobo sbgbl
03000l LObMYHBOL LEHOTMEISE00LS (E03MmAg69H0) s W030IdOL sTol
(©03m0b0) 9983960bgdsL (Kelley et al., 1996).

©30dwdo  obbmeobo s Aavyzsambo  LadoMmolLdoMmo  dmddgwgdab
33mBol  3mFgmbBHIHYY. 0ddool M™L  0blbywobols sdswo Mby s
3W358mbol  Fomowo ©mbg byl  Mymdl  ©®30dwdo AW 3MmbgmygbgBL s
303mygbmEoBl, Moz byl MIwol 303myo3gdool 49630ms69dsl. 589bo,
MBI  3mBol  Mbg  oboloBOzMgds w30dwols doge  godmdw)dsgzgdEo
amombBom.  Fs3ob 89009y, 3 Y3mbBs  Fmo39M0  BodBHME0s,  MHMIGE03
SbGH0Mom7dL 0bLEobols LEbmMYBL B-)XMYEIdTo s Aol Lg3eMgEosl. 0blmwobo
39600839600 Jumzowgddo  (BmbRboL  3Mbmgddo s  (3bodmzsh  Jumzowdo)
11353806905 0bLEobols M9(393GHMOL, 0fj393L X OgTogs M19sd30900L 3oB3OEVL,
Mm3gwoa bl MPymdl 4ag3mBol sm30L9dsl s 3MbEBH3MBOMEo A 3Mmbol
IGHOW0BO3E0sL, MHoMsE 065MRMBIOL ey 3mBOL 3mIgmUEsDL (Ozougwu et al., 2013).

0500560 053930  BHo30 2-0L EOHML P90 356o3L  MbIOL
500933515 “935bbml 39MH0RGM0ME 0blEobMHIBOLEFHI6E™MOSL s 0blwwobols
19369305D9 25dW0gMHGOYIE FMMHMZDIL. M 3MDBOL AsDBMHPOO MomEabmds bgerls
wHgmdL  3OM-36mgdomo  303H™30bgdol B3IMg30L B-MXM9LIO0ID, Gz 0f393L
9mbmbv 3 gsro MRMH9OIOOL 255dGH0MOIL O SPROWMOM030 (303HM30bgdOL
36>©MJ3o0L  8mdo@GgosL. 53 35mMEMA0MMHO  bmMgdol FggRe© PB-9xOHgIdOL
©obRBY6J305 3OMYMILOMIOL S PGOS 500 033OO.
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9oRbgmos, ®mId  Fodmosbo  ©osdgBHo  GHodo 2-ob dJmbg 385353900,
MO39  AILAHMLGHIOMbOL  sdowo  Mmbg  509bo8bgdom,  Fgdeosm
AIBAHMLGHIOMbom 3MMbIEMd00 Q50MAXMOGME BYMTMGMds - Sbgmo L1336
0gbo 259m@sbogro 656 M30boMmgdwo, Mm©3oy0 Mo, 3E5(390M
30bGHOHM0690500 33930l §90939©, LOsE BHILVEAHMLEHIOMbom 39MHBsmdBI6
35960560 ©0s0gBH0 G030 2-00 ©935JIMY 3535353908 S LOIYMBOS©
03319300696  0bLEobOHgBoLEHIBEGHMOOL s BMYdOL “MEL  EgLEGHMLEIOMbom
93960boemdsdg s  93MMbsermdol  990®9y.  ©OEILEHVMGOIME  0dbs,  MH™I
AIBAHMLGHIOMbOL  ©dso  mbg  sbmEoMgds  0blwobol  Fodsero
9363dbmdgemdol 3609369356 ©d390m9dsLMsb (Batra et al., 2014).

535096539, 50LB0BBSZ09, OMA M 3¢00b03MMO 33093900l SBLMEMEWMMO
mA53@gbmMds  BHOz3mdL guBHMMYgbgdol gRqd@L FogdMosbo osdg@o GHodo 2-ob
3060HMd0d0, FodM0sbo 039GOl 9Ju3gM0dgbGH I FmEIEgdbg 9BEMMYgbgdols
QY00 9839dGH0, 0dol Fom35¢olfjobgdom, MMI 9Ju3gMH0dgbEH™wwo OsdYEHO
MRGM 99L5059905 0539E) G030 1-b, B0POMGOL, MM 5353530 Lalidgbm 3mE@Imbo
©5Y00m5© dMmgdggdL 565 FbMmErmE 8500560 O0dYE G038 2-BY, 56539, GH0J 1-
B93. 99 80985OmMMEGd0m  9dMBbEs 300390 3¢06037M0 5330603709003,
MMAI003 5IBEHWMIBL 33¢093900L 2oaMdggdOL 930 gdMdSL (Saad et al,
2015).

08 33193990l  sbsgrobo, OMIwgdoi  dgolfogerol  sbMmygbgdols
9mgd99dol 3949b0BaL FodMosbo ©osdgBHo GHodo 1 @s GHodo 2-ol 3s;mygbgbdo,
00935 Logymdgzgerl  o35L3365m,  GMI  SbEMmMY)6q00L  ToEJds  FJodEgds
bbgosbbgs aBom sbgbgli 453egbsl Fod@M0sbo OsdYEHOL ML Fomdmmdogn

UBbgoslbgs ©oM39390%Pg.  9du39M0dgbGH e  BmEawgddo  sbMmygbom
93790bscmdol g1gdBo 9godwgds 93938060 JOMEIL 58 3mEIMbol  bgyoz3wgbsls
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®30deol M9 gdol  0blMEobOHgBoLEFIBEGHMOSDY @ oo A 3MBOL
99390 @0BIbY - 56OHM96-69(3933MM9dBg B9gdmJdggdol yBoom.

4m39wo3g 9904 osb  4s9maobotg, 9BbMmMYgbgdom FodMosbo
05093 0L  bbgoolbgs xmMTgOol 09gMms300L  Tgbodergdwmdols 3393 5dGHowe
1539 (36096MM 5 3M9JEH0IME 3OHMOWGAsL FoMMOYIbL, GMmIgerog sboew Jmbsoizqdgdls

Q5 LOdME MM 39MHOJGL gEMmEIds.
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©al3369%0

semdubsbom  2odmfizgwo  9du3gm0dgbG o  FodMosbo  ©OsdYEOL
L533MOBsEM@ 853535306 Loldaglm  3mEBMbol - BHLEBHMLEGIOMbOL -

299my9gbgd0ol  sIdOMO  9xBgdBHO  FoMPOoMGOL, MHMI  BHILEHMLEHIOMbO
39000y §o®mBsBgdom  0dbsl  godmygbgdmeo M5  dbmermE  dodcosbo
©05093H0 G030  2-0L  BsMmMZ0LOL (M3  OIWILBEGHWOOME0S  TMHFIWO
30bozmeo 33wq30m), 96599, 939 BsO 0gbsls Fod@Mosbo osdgEHO
A030 1-ob 3m33egdum® 83mMbsgrmdsdoi (0dob dsmgzaoljobgdom, Gma
sermglsboo  godmfizgmeo  9Ju3gm0dgbE o FodMosbo ©osdgBHo LHimGmgo
&030 1-0b ImEgeb Homdmoaqbl;

sermglsboo  edmfizgmmo  9du3gM0dgbE o  TogdMosbo  @OsdgEHOL  dJmby
3H™39 930l BHLEHMLEIOMbom I39OBsMdS 530MMgd3090L FgEdME0BINE
©OMM39390L,  Mog  S0Lobgds  MMAMmOE  domdodowm®mo  dsB3z969degdol
(3@m3mBol, 0896mMgodBHomwwo 0blvmeobol, Lsbdglm s LEgOMmoMwo
3m6H3mbgdob), oy 35636M95L0Ls s M30dOl FMOFBMEIMAO0IHO bEAHOIEHIOOL
299X Md9L9gdOm;

5emgbsbmo  @O0sdgGHOL  IMmEIbHg  GHILEAMLGHIOMboL  bgdm]dngds
IMGH0MOYbMos s  890dwgds  bmM309wgdm©gl  2sblbgs39dmwo
993o60bdgd0m, o  FmEOOL  ©30doL  SbOMYIB-6M9393EMMH9ODY
b90mddggdoms s 03 99doboBdol Bommz00m, GMIgwos bgwl MfFymdl
0bLE0bmBOLE Y6 EMIOL OJ390079d5L S Er03MPIBOL LObMYDBU;

3¢ mgLobMO OdYEHOL MY 0Md0EL 15 EOL gy 3935FM30GHJOOL
594BHoMM0  sbMHMYgb-M9393GMMGO0L  MoMm@IbMds  Lo3MbEGHMMM™ X 3MTBoL
35390900l 3mbs39890m9b 99sMgd0m dMmToEJO0s; F5gMm0sB0 OsdYEOL

9mgo®mqdosb 30 s 45 Eolb 890y 30, SJBHOMOO  SbOMY9b-
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093933™M9d0L M5MmgbMds 9930090 0s MMYME 3 BoZMbEHMMEM X3RO,
oy 15-osbo  BogMosbo ©osdgEolL dJmbg  3bmgqgwgdol dmbs3gdqdmsb
39056M9000; 3bmMY96-M9393GHMMO0L 509bMdOL 3993306905
5bbggMs8os  30dwol  MxMggddo ©bBT-ol s ®BT-ol  LobomgbBols
3903069035 sb;

sermdboboo  459mfzgero  9Ju39MH0dgbEGH o Todemosbo  OosdgEOL
15939MbIEME F5353530L LoLJgum 3MMTMBOL - FHGLAEHMBEHIOMBOL - 459mygbgds
01393V 994G sbOHMYgb-6M9:393BMMIOOL MromMm©YbMdOL Fo?)Jdsls, MOLSE b
b3l 30Ol YR ®YdTo BT-0l s MB3-0L LobmgBOL Fode0gMgds;
ABEAHMLEGHIOMboL 0bogdE0gdol ggas® 39353 ™3E0E0d0 ©bT-0ls s MBT-0l
LobMYHOL A3IW0gMHYds S50LObGds 56> V303wl X MYEOJdOL doEMmbgool,
565990 3M0E®dOL Jo3)JO00);
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gbMowo N 3.  d0omJodmmemo 33¢093900L (3ey3mBs, 031BMEY59dEH0o 0blmwobo (060), JuEHMoomeo (E 2), Ggb@mb@g®mbo (T), 3060@030bEHg0Ombo (3m6), bd, Mbd, sb®mmygb-M9393EHMOmgd0 (AR)) 890093990
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SUMMARY

The Role of Androgens in Correction of Metabolic Disorders Caused by Diabetes Mellitus.

(Experimental Study)

Introduction

According to World Health Organization data, the incidence of diabetes mellitus
(DM) has been obviously increasing over the world during the last decades. Both types of
DM (type 1 and type 2) are characterized by chronic hyperglycemia and disorders in
metabolism of carbohydrates, proteins and fats (American Diabetes Association, 2009),
with multi-organ involvement in the pathogenesis (Hotamisligil G.S., 2006).

The gender difference in the population affected by DM has been demonstrated by
numerous epidemiological studies (Fitzgerald, et al., 1995; Grant, et al, 2009; Siddiqui, et
al., 2013). It is considered that males have higher prevalence and diabetes type 2 risk
(Aregbesola et al., 2016; Kautzky-Willer, et al., 2016). In addition, the risk of men with
type 1 diabetes by cardiovascular disease mortality is approximately 10 times higher that
of men without diabetes (Orchard et al., 1990). It is well established that sex hormones
have a great impact on energy metabolism, body composition, vascular function, and
inflammatory responses (Kautzky-Willer, et al., 2016). The credible decrease of plasma
testosterone concentration has been shown in males affected by DM type 1 as well as
type 2. The influence of sex hormones on the insulin secretion by $-cells in pancreas and
metabolic processes in liver has been proved (Morimoto et al., 2001; Shen & Shi, 2015). It
is also reported that the reduction of blood testosterone concentration leads to the
changes of hyperglycemia, insulin resistance and metabolic processes in liver in men
with both types of DM (Grossmann et al., 2008; Holt et al., 2014). The low level of blood

testosterone is related to worst outcome in advanced liver diseases (Sinclair et al., 2016).
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Considering, that hepatocytes and B-cells have the receptors for both male and
female sex hormones, which in turn, have the ability of changing their quantitative
expression (“down-regulation” and “up-regulation”) accordingly to their blood
concentration, it could be expected that sex hormones supplementation may have the
repercussions on pancreatic and hepatic functioning in DM.

It is considered, that the reduction of blood testosterone leads to the changes of
metabolic processes in liver (Grossman et al., 2008; Holt et al., 2014) and alteration of
DNA and RNA synthesis (Didebulidze et al., 2015). The functions of liver in males are
changed more dramatically than in females, confirming the assumption that the sex-
dependence (sex-association) of male livers are genetically more determined in compare
with female livers (Zhang et al., 2011).

Alloxan selectively targets Langerhans islets and induces the damage of p-cells.
Single injection leads to toxic effect and apoptogenic changes, hypoinsulinemia, and
hyperglycemia (Elayat et al., 1995), which in turn stimulates a cascade of dysmetabolic
mechanisms, including the processes that activate apoptosis of the p-cells (Bonner-Weir
S. et Weir G.C. 2005).

It should be mentioned that the Langerhans islets are not the only targets
damaged during diabetes. Histologically and immunohistologically confirmed changes in
liver and kidney tissues were revealed in experimental models of diabetes. These damages
are caused by the mechanisms such are hypoxia, apoptosis, and calcium influx (Maedler
et al., 2001).

The efforts to determine the expediency of using various substances and
compounds for treating diabetes are permanent. One of such substances is testosterone.
Numerous clinical and experimental studies show a positive effect of testosterone in DM
type 2 (in most of the studies) as well as DM type 1 (in certain studies), however, the

final verdict with respect to its effect has not been reached yet.[l
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The aim of the present study was to investigate the possibility of restoration of

metabolic imbalance by the exogenous androgen supplementation in the experimental
model of alloxan-induced diabetes (AD). The influence of exogenous testosterone
supplementation on the expression of androgen receptors (AR) and DNA & RNA
synthesis as well as the morphological changes in pancreatic islets and liver tissue in AD

was studied.

Materials and Methods

The experimental model of diabetes was induced in male Wistar white rats
(n=100) in age 2-2,5 months, weighting 180-200 g by a single intraperitoneal dose of
Alloxan (Chemos GmbH & Co.KG (Germany)) - 2,0 mg per 10 g of body weight. The
animals were divided into 4 groups: Control Group (n=20) received solvent; Group I (n =
20) studied on 15 day of AD; Group II (n = 20) studied on 30" day of AD; Group III (n =
20) studied on 45" day of AD; Group IV (n=20) received daily 0.5 mg of synthetic
androgen - radioinert Methyltrienolone - beginning from the 31 day of AD. One hour
before sacrifice, all animals underwent to the intraperitoneal injection of 3,7x10* Bq
radioactive androgen - Methyltrienolone [17a-METHYL-3H] (R-1881) obtained from
Perkin Elmer, Inc., for quantitative assessment of AR in liver.

Subsequently, the animals were given ether anesthesia and the blood samples were
obtained from inferior vena cava to further measuring the levels of glucose,
immunoreactive insulin (IRI), corticosterone, estradiol (E2) and testosterone (T), in
parallel with studying of histology of pancreatic islets and liver cells in all above-
mentioned groups. The study corresponded to the principles of the Guide for the Care
and Use of Laboratory Animals (NRC 2011) and approved by the Commission on
Bioethics at Al. Natishvili Institute of Morphology, Iv. Javakhishvili Thbilisi State

University.
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Measurement of hormones

The levels of hormones were measured by commercial kits. IRI was determined
using the assay from SEA-IRE-SORIN (France); corticosterone was assessed using the
assay from RSL., Inc. (California, US), T - by SORIN BIOMEDICA (Italy) and E: - by
ORIS Industries S.A. International GIS (France).

Measurement of hepatic DNA/RNA

The quantity of DNA in liver was studied by radioactive H3-thymidine (I.U. 8.14 x
10" Bq/ml) in the dose of 3.7x 10° Bq/ml, while the RNA was measured by radioactive
H3-uridine (I.U. 8.8 x 10'"! Bg/ml) in the dose of 3.7x 10°® Bq/ml. For this purpose, the
fragments of liver tissue were weighed and placed into 5 ml 799 solution vials, to which
the above specific radioactive components were added.

The vials were placed in thermostat at +38°C for 90 minutes. Later, the fragments
were rinsed in cold (+4°C) nourishing buffer with subsequent homogenization and
placement in scintillating fluid container vials (according to previously published
recommendations Didebulidze, et al., 2015). The frequency (quantity) of radioactive
impulses (imp/gr/min) was calculated by the “B-2” device (produced by the Enterprise of
Academy of Medical Sciences, Russia).

One hour before removing animals from the experiments, the intraperitoneal
injection of 3,7x10* Bq radioactive androgen Methyltrienolone [17a-METHYL-3H] (R-
1881) was performed for the assessment of amount of androgen receptors in liver
(Didebulidze et al., 2015).

Morphological studies

For the histological investigation of pancreatic and liver tissues, their fragments
were fixed in 4% formaldehyde prepared on 7,2-7,4 pH phosphate buffer and later
embedded in the paraffin according to standard protocols. 3-4 pm thick samples were

stained with hematoxylin-eosin (H&E). The slices were studied by light microscope
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(Micros) equipped with a digital camera. 5 animals from each group were subjected to
morphometric analysis; 10 samples were studied from each animal. Adobe Photoshop
software was used to determine the average size of the pancreatic islets (the area
occupied by the islets, measured in pm?) as well as to measure the areas of necrotic foci
in the islets. The degree of the liver damage was assessed by 5-points "visual scale", where
“1” corresponds to the norm (practically without changes) and “5” - with severe
degenerative (necrotic) changes.

Additional liver tissue sections were studied immunohistochemically for
assessing Ki-67 expression. After deparaffinization and rehydration, endogenous
peroxidase was blocked in hydrogen peroxide solution. For the antigen restoration, the
samples were placed in 0.01 M citrate buffer (pH 6.0) and were heated in a microwave
oven (1000 C at 600W) for 15 minutes. After incubation with bovine serum to avoid
unspecific binding and blocking of non-specific bonds, mouse monoclonal antibody anti-
rat Ki-67 diluted 1:50 (clone MIB-5; DAKO) was incubated for 1 hour at room
temperature. For the detection of bound antibodies Novolink Polymer Detection System
(Leica, Germany) was used, and visualized using diaminobenzidine (DAB, Leica) and
counterstained with hematoxylin.

To determine the ploidy of hepatocytes, the computer program Image ] was
used. The nuclei of 500 hepatocytes were measured on the corresponding histology
sections. Based on the obtained data the diagrams were built for the squares roughly
similar to their size. The first peak corresponded to 2C, subsequent peaks - 4C (2Cx2) and
8C (4Cx2). Tissue samples (3x5x5 mm?) were taken from the central and peripheral areas
of all liver lobes.

Quantitative assessment of AR

The samples of liver tissue being weighed, homogenized and placed in scintillation

fluid, were placed in a scintillation counter "Beta-2" (Scientific-Research Institute of
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Medical Industry at Russian Academy of Medical Sciences, Moscow, USSR) for
determining of the number of AR in liver (counting the radioactive impulses).

Statistical analysis

Median values are provided with respective interquartile ranges. Comparisons
were tested using Mann-Whitney U test. P values less than 0.05 were considered
statistically significant. Statistical analysis was conducted using SAS 9.2 software.

We preferred median over mean because of concerns regarding the normality of
distribution and small sample size of our study. Therefore we thought that median values
are more appropriate to describe our data and make comparison between groups, which

consisted of 20 subjects each.

Results and Discussion
AD was accompanied by the increased plasma concentration of glucose,

corticosterone and Ex. This increase appeared to be statistically significant compared with
data of control group and groups with lesser terms of AD as well. The plasma
concentration of IRI and testosterone has significantly decreased at 15 and 30 days of
the experiment but on the 45% day their further changes compared with previous terms
were not statistically significant (Table 1).

This could be related to the reduction of damaging effect of alloxan at 45% day
when pancreatic -cells entered into regeneration phase. The reduction of intensity of
IRI decline is accompanied by the reduction of intensity of testosterone decline as well as
it was described by Kandeel, et al. (2007). It is established that hypoinsulinemia and
decreased glucose utilization inhibit protein, DNA and RNA synthesis in hepatocytes. In
our study, hepatic DNA synthesis was decreased by 44% and RNA synthesis by 29% at
15% day of AD. In case of hypoinsulinemia and hyperglycemia, the glucose, which
abundantly penetrated into hepatocytes (insulinis not required for the entrance
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of glucose in the hepatocytes, but only for its utilization by the cells - Kelly & Jones,
2013) promotes a significant increase in the production of hydroxyl radicals, which
increase the amount of Bcl-2-associated X protein (BAX-protein). Besides, BAX protein
stimulates the release of cytochrome C from mitochondria, caspase-3 activation and
induction of apoptosis (Frances, et al., 2010).

After injection of radio-inert methyltrienolone, the glucose level significantly
decreased being not statistically different in comparison with the data obtained at 15%
day of experiment. This can be explained by the fact, that testosterone promotes the
synthesis of i-RNA of IRI receptors in hepatocytes, which leads to increased sensitivity
of hepatocytes toward IRI. In this conditions the minimal rise of IRI is enough to
stimulate the glucose utilization in liver cells (Kapoor, et al., 2006; Sato, et al., 2008). IRI
exerts anti-apoptotic properties based on the stimulation of XIAP, which inhibits
caspases and suppresses the apoptosis (Frances, et al., 2010).

Exogenous androgen supplementation significantly increases DNA (24%) and
RNA (8%) synthesis in liver followed by a raise on the amount of polyploid hepatocytes
in compare with 30®* and 45% days of AD model, although no increase in the number of
Ki-67 positive hepatocytes was observed (Fig 1).

Testosterone shifts insulin signaling toward cellular protein anabolism (Shahidi
N.T., 2001). It increases Glut4 expression and downstream signaling such as Akt and
PKC-zeta/lambda phosphorylations and the main glycolytic phosphofructokinase and
hexokinase enzymes (Sato et al., 2008). Injection of methyltrienolone, had no effect on
the concentration of IRI: the latter was not different neither from the data obtained at
30% nor 45™ days of AD model.

Due to reduction of rat B-cells derived insulin by alloxan imply, the synthesis of
testosterone is not stimulated adequately. Reduced testosterone concentration can no

longer afford inhibition of lipoprotein lipase enzyme. This enzyme, located at the
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endothelial membranes of blood capillaries into adipose tissue, releases the triglycerides
from fat rich chylomicrons and very low density lipoproteins; these triglycerides
penetrate and deposit into adipocytes. Under these conditions the enzyme aromatase,
located in adipocytes, is activated and converts already diminished testosterone to
estrogen. This observation is confirmed by our data in which the marked increase in E2
concentration paralleled the decrease in the testosterone concentration (Hayes et al,,
2000, 2001). However, the E2 concentration which was increased at all stages of the
experiment still declined after methyltrienolone injection and was not statistically
different from indices of 15" day of AD (Table 1).

The presented data confirms the results of Shahidi (2001), Haffner, et al. (1988)
and Pitteloud, et al. (2005) that the variability in the steroid hormone concentration is
dependent on insulin and glucose levels and vice versa.

At the 15% day of AD it was observed an increase of liver AR expression. This can
be explained by active consumption of testosterone during alloxan-dependent stress that
increased the number of free AR enabled to interact with radioactive androgen H3-
methyltrionolone (R-1881). At subsequent stages the increased testosterone deficiency
induced by experimental diabetes was associated with drastic down-regulation of AR
expression and signaling (due to their “masking”) (Tepperman J., 1968; Moudgil V.K.,
1988,1990).

However, the administration of synthetic androgen during 15 days followed by
increased testosterone level in blood plasma lead to up-regulation and activation (“de-
masking”) of AR. Data showed that receptor binds to radioactive H3-methyltrienolone
and cause further increase on the AR expression in liver tissue.

Despite the expression of liver AR after treatment with H3-methyltrinolone does

not reach the control level, an increase in their number significantly supports the
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restoration of liver function, including adaptive-compensatory activities (Smirnov A.N.,
2009).

The increased glucose blood concentration during AD may be related to reduced
glucose-related metabolism caused by enhanced corticosterone signaling. Under such
circumstances, the increased level of steroid hormones stimulates gluconeogenesis from
protein and amino acids metabolism (Imai et al., 1993; Andrews R.C. et Walker B.R,,
1999; Kinote et al., 2012). The supplementation of H3-methyltrienolone reduced IRI
resistance, hyperglycemia, corticosterone and E: drastically altered during experimental
diabetes in male rats.

The structure of pancreatic islets and liver tissue of the rats in the control group
were in full compliance with the standard morphology of these tissues in rodents,
described in numerous studies. In particular, the pancreatic islets are distinguished as
non-encapsulated, comparatively pale-colored round or oval areas formed by the various
cell groups separated by the capillary network. They are well isolated from the adjacent
exocrine tissue. Mainly p-cells are located in the center of the islets, however, rarely
they can create the row (cell line) bordering the islets from the tissue of the exocrine
pancreas (similarly to "bordering plate" in the liver) (Fig 2-A).

Hepatocytes are organized into plates separated by vascular channels (sinusoids).
Majority of hepatocytes contain the single diploid nuclei, except for some cases where
the nuclei are tetraploid.

Destructive changes in B-cells were revealed in the animals of all experimental
groups with Alloxan-induced diabetic model (AIDM). This can be explained by the
targeting damage of P-cells by Alloxan (this specific effect serves as a basis for the
modeling of diabetes) (Lenzen S., 2008).

Within 15 days of AIDM, the degenerative changes and necrotic lesions were

mostly expressed in the pancreatic islets which are adjacent to the large blood vessels.
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The necrotic changes were revealed in part of the f-cells; some of them underwent
vacuolization, while others expressed pale-colored pyknotic nuclei. Sometimes the
degenerative changes were vividly seen at the periphery of islets, where the “white”
vacuolated cells formed “bordering plate”, however, more often the changes were seen
centrally — were vacuolized or foam-like cells with transparent cytoplasm were grouped
in the clumps. Despite colliquation of the part of the damaged cells, the islets were
shrunk, due to which the identification of capillary lumens as well as the endotheliocytes
was difficult. At the same time, the epithelium of pancreatic acini, blood vessels of
various diameters and connective tissue structures maintained the normal structure
(vacuolization of the cytoplasm in the cells of some acini may be regarded as an
exception) (Fig 2- B).

All described changes are typical for AIDM in rodents and indicate that substantial
damage of islets directly correlates with the changes in insulin and glucose
concentrations in blood, as it was shown previously (Lenzen S., 2008). It is assumed that
death of B-cells, which may be expressed by necrosis or caspase-dependent apoptosis,
represents “well-established” stage of experimental diabetes (Haligur et al., 2012).
Considering the fact, that on 15th day of experimental diabetes, the number of cells with
necrotic changes evidently prevail the number of cells with apoptotic bodies (these
bodies were revealed in only small number of B-cells), it might be concluded that
diabetes has not still reached the peak of its development on the 15th day of the Alloxan
injection.

On the 30th day from AIDM, the morphology of pancreatic islets revealed the
changes of the same type as on the day 15th. Hereby, the intensity of damage in some
islets was significantly high, which was expressed in alternating necrotic foci and less
damaged cells (Fig 2- C). The number of apoptotic foci was also increased on the 30th day

of AIDM.
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On day 45th of AIDM, the morphologic picture of pancreas practically does not
differ from the picture seen on day 30th. Stalling the intensity of the damage may be
associated with the plateau of Alloxan’s damaging effect (Lenzen S., 2008).

After 15-day treatment with testosterone (methyltrienolone) (from day 31 to day
45 of AIDM), the recovery of structural changes in the pancreatic islets was revealed: the
number of cells in the Langerhans islets and therefore their density was increased; the
number of vacuolized and necrotic -cells cells dropped significantly; the contours and
compositions of the majority of pancreatic islets were almost similar to normal cells (Fig
2-D).

In total the area of islets on days 15th, 30th and 45th after AIDM was
convincingly diminished compared to the value of animals in the control group,
however, these do not differ from each other convincingly. The necrotic areas in these
islets (which basically corresponds with the summary areas of necrotic [-cells)
convincingly increased on days 15th, 30th and 45th after AD compared to the data of
animals from the control group, however, these do not convincingly differ from each
other. In addition, total area increased and the area of necrotic foci decreased in the
pancreatic islets of the animals in IV group (including the animals with AD received the
treatment with methyltrienolone from day 31st to day 45th) while the characteristics
approximated to the values of the control group (Diagram N1).

Both the areas of pancreatic islets and necrotic foci were measured taking into
account the existed experience (Elayat et al., 1995).

The liver is one of the most important organs involved in the regulation of energy
homeostasis. Therefore, it is natural that in case of experimental diabetes it developed
certain changes. The damage of liver tissue (degenerative changes, decomposition of

plates, stasis, and infiltration) was assessed as score “2” and “3” for all terms of AD.
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The granular degeneration of different degree, rarely fatty inclusions and
vacuolization, as well as the development of apoptotic bodies, were revealed in the
hepatocytes. These changes represent the outcome of Alloxan induced dysmetabolism.
These data are in unison with the data described by S. Lenzen regarding liver damage in
streptozotocin-induced diabetes, however, after streptozotocin injection, the progression
of diabetic changes is significantly higher (Lenzen S., 2008). The lesions of liver tissue
revealed on day 15th, 30th and 45th after AIDM, do not substantially differ from each
other (Fig 2- E). During 15-days treatment with methyltrienolone (within day 31st to day
45th of AIDM) normalized the histological features of the liver (Fig 2 — F): its damage
was assessed as score “1”, while the changes that corresponded with score “2” were seen

only in several foci.

Conclusion

Positive effect of male sex hormone — testosterone - in treatment of Alloxan
induced Diabetes, indicates that testosterone can be successfully used not only for the
management of Diabetes type 2 (as it is confirmed by many clinical studies) but also in
the complex treatment of Diabetes type 1 (considering the fact that Alloxan induced
Diabetes represents the model of Diabetes type 1).

In the animals with Alloxan induced Diabetes testosterone improves metabolic
abnormalities (concentrations of glucose, immunoreactive insulin, sex- and steroid
hormones) as well as the morphological structure of the pancreatic islets and liver.

Effect of testosterone is based on various mechanisms, including its influence on
the Androgen-Receptors of liver cells and induction the pathways supporting the
decrease in insulin resistance and synthesis of glycogen.

After 15 days of Alloxan-induced Diabetes the number of active Androgen-

Receptors of hepatocytes is increased compared to the animals of the control group; after
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30 and 45 days of experimental diabetes, the number of active Androgen-Receptors is
decreased compared to the control group as well as the group with 15-days Diabetes; the
decrease in the number of Androgen-Receptors is accompanied with the diminished
synthesis of DNA and RNA in the liver cells.

Treatment of rats with Alloxan induced Diabetes with testosterone causes the
increase of the number of active Androgen-Receptors which correlates with the
intensification of DNA and RNA synthesis in the liver cells.

This intensification of synthesis of nuclear acids is accompanied by the increase of

ploidy of hepatocytes but not the number of mitotic cells.
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Table 1. Blood concentration of glucose, immunoreactive insulin (7RI), testosterone (T), estradiol
(E2), corticosterone in rats; activity of nucleic acids (DNA and RNA) synthesis; expression of
androgen receptor (AR); the hepatocytes ploidy.
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Figure N1. Figure N2.

Figure N1. Ploidy of hepatocytes at 30th day of alloxan in-duced diabetes (a, b), and at 15th day of
exogenous an-drogen supplementation (c, d). diploid nuclei - X tetraploid nuclei — )\

Figure N2.

A. Pancreatic islets with endocrine cells. Control group. H&E Obj.x20, Ocx15.

B. Disrupted normal architecture of pancreatic islets on 15" day of Alloxan-induced diabetes.
H&E Obj.x20, Ocx15 (necrosis of f-cell - +; swelling of the intercellular substance - ¥ ;
hypertrophy and vacuolization of f-cells - {I ; p-cells nuclear pyknosis (irregular hyper-
chromic nuclei) - §.

C. Structure of pancreatic islets on 30" day after Alloxan-induced diabetes. Combination of
necrotic foci with less damaged cells. H&E Obj.x20, Ocxl15. Degenerative changes of the
islet -A\.

D. Structure of pancreatic islets after 15-days treatment with methyltrienolone. The cellular
composition is almost similar to normal. H&E Obj.x20, Ocx15.

E. Liver tissue on 30" day of Alloxan-induced diabetes. H&E Obj.x20, Ocx15.

F. Liver tissue after 15-days treatment with methyltrienolone. H&E Obj.x20, Ocx15.
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Diagram N1 Change of islet area and areas of necrotic foci on various terms of Alloxan-induced

diabetes and after treatment with methyltrienolone.
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Abstract

Aim: The aim of the study was to investigate the restoration of
metabolic imbalance related with deficiency of insulin by the exogenous
androgen supplementation in the experimental model of alloxan-induced
diabetes in Wistar male rats. Methods: The experimental diabetes was
induced by a single intraperitoneal administration of alloxan. The
concentrations of glucose, immunereactive insulin, corticosterone,
testosterone and estradiol were examined in blood, the intensity of DNA and
RNA synthesis and androgen receptor expression were studied in the liver
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tissue — at 15™, 30" and 45™ days of alloxan-induced diabetes. The synthetic
androgen methyltrienolone was administered to rats with 30-days diabetes
during 15 days. All data were compared to control group received solvent.
Results: The induction of diabetes increased the concentrations of glucose,
corticosterone and estradiol while decreases insulin and testosterone
concentration in blood as well as DNA/RNA synthesis and androgen
receptors expression in hepatocytes. The administration of exogenous
androgen significantly restored the metabolic imbalance and the expression
of androgen receptors and increased DNA/RNA synthesis in liver cells
maintained close to control level. Conclusion: The administration of
met Wrthne | oceedt hebect o f'di addsetsrseéh dr £ted th e
hormonal dysfunction induced by alloxan.

Keywords: Alloxan-induced diabetes, testosterone, liver androgen receptors,
hormonal disbalance

Introduction

According to World Health Organization data, the incidence of
diabetes mellitus (DM) has been obviously increasing over the world during
the last decades. Both types of DM (type 1 and type 2) are characterized by
chronic hyperglycemia and disorders in metabolism of carbohydrates,
proteins and fats (American Diabetes Association, 2009), with multi-organ
involvement in the pathogenesis (Hotamisligil, 2006).

The gender difference in the population affected by DM has been
demonstrated by numerous epidemiological studies (Fitzgerald, et al., 1995;
Grant, et al, 2009; Siddiqui, et al., 2013). It is considered that males have
higher prevalence and diabetes type 2 risk (Aregbesola ET AL., 2016;
Kautzky-Willer, et al., 2016). In addition, the risk of men with type 1diabetes
by cardiovascular disease mortality is approximately 10 times that of men
without diabetes (Orchard, et al., 1990). Moreover the diabetes is considered
as one of the strongest independent predictors of left ventricular hypertrophy
(Greaves, et al., 1994).

Sex hormones have a great impact on energy metabolism, body
composition, vascular function, and inflammatory responses (Kautzky-
Willer, et al., 2016). The credible decrease of plasma testosterone
concentration has been shown in males affected by DM type 1 as well as
type 2. It was shown that the low concentrations of endogenous testosterone
correlates with increased risk for left ventricular hypertrophy and heart
failure (Kannel, et al., 1969; Kannel, et al., 1972). It is also reported that the
reduction of blood testosterone concentration leads to the changes of
metabolic processes in liver, hyperglycemia and insulin resistance in men
with both types of DM (Grossmann, 2008; Holt, 2014). The low level of
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blood testosterone is related to worst outcome in advanced liver diseases
(Sinclair, 2016). The influence of sex hormones on the insulin secretion by
B-cells in pancreas and metabolic processes in liver has been proved
(Morimoto, 2001; Shen & Shi, 2015).

Co ncseE i, dp leep  @ytes an B3-cells have the receptors for both
male and female sex hormones, which in turn, have the ability of changing
t hequnat at expes sn(dowegu !l at anodit pegul at)i on”
accordingly to their blood concentration, it could be expected that sex
hormones supplementation may have functional pancreatic and hepatic
repercussions in DM.

At the same time it's shownt hma 1 &viecomp adrt éemal ,e
is more dependent on the genetically determined androgen levels in blood
(Smirnov, 2009).

The aim of the present study was to investigate the possibility of
restoration of metabolic imbalance by the exogenous androgen
supplementation in the experimental model of alloxan-induced diabetes
(AD).

Material And Methods

The experimental model of diabetes was induced in male Wistar white
rats (n=80) in age 2-2,5 months, weighting 180-200 g by a single
intraperitoneal administration of alloxan obtained from Chemos GmbH &
Co.KG (Germany). The animals received alloxan 200 mg/kg body weight in
accordance to the pattern of experimental group. The animals were divided
into 5 groups: Group I (Control) (n = 20) received solvent; Group Il (n = 20)
studied on 15" day of AD; Group Il (n = 20) studied on 30" day of AD;
Group IV (n = 20) studied on 45" day of AD; Group V (n=20) received daily
0.5 mg of synthetic androgen - radioinert methyltrienolone - beginning from
the 31 day of AD. One hour before sacrifice, all animals underwent to the
intraperitoneal injection of 3,7x10* Bqg radioactive androgen -
methyltrienolone [17a-METHYL-3H] (R-1881) obtained from Perkin Elmer,
Inc., for quantitative assessment of androgen receptors (AR) in liver.

Subsequently, the animals were given ether anesthesia and the blood

samples were obtained from inferior vena cava to further measuring the
levels of glucose, immunoreactive insulin (IRI), corticosterone, estradiol (E2)
and testosterone (T). The study corresponded to the principles of the Guide
for the Care and Use of Laboratory Animals (NRC 2011) and approved by
the Commission on Bioethics at Al. Natishvili Institute of Morphology, Iv.
Javakhishvili Thilisi State University.
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Measurement of hormones

The levels of hormones were measured by commercial kits. IRl was
determined using the assay from SEA-IRE-SORIN (France); corticosterone
was assessed using the assay from RSL., Inc. (California, US), T - by SORIN
BIOMEDICA (ltaly) and E> - by ORIS Industries S.A. International GIS
(France).

Measurement of hepatic DNA/RNA content

The quantity of DNA in liver was studied by radioactive H3-
thymidine (I.U. 8.14 x 10! Bg/ml) in the dose of 3 . 1 ®Bg/ml, while the
RNA was measured by radioactive H3-uridine (1.U. 8 . x8L & Bg/ml) in the
dose of 3 . T ®Bg/ml. For this purpose, the fragments of liver tissue were
weighed and placed into 5 ml 199 solution vials, to which the above specific
radioactive components were added.

The vials were placed in thermostat at +38°C f 09rGnin u t leatsre,
t hfegme nwes e i dise | (¢4 °)@ orui s biaiwi s b retq u
homogenization and placement in scintillating fluid container vials
(according to previously published recommendations (Didebulidze, et al.,
2015. The frequency (quantity) of radioactive impulses (imp/gr/min) was
cad cueébgt h'g2"dei ¢ pd eddbyt diE nit | soefA ademy o f
Medical Sciences, Russia).

Statistical analysis

Median values are provided with respective interquartile ranges.
Comparisons were tested using Mann-Whitney U test. P values less than
0.05 were considered statistically significant. Statistical analysis was
conducted using SAS 9.2 software.

We preferred median over mean because of concerns regarding the
normality of distribution and small sample size of our study. Therefore we
thought that median values are more appropriate to describe our data and
make comparison between groups, which consisted of 20 subjects each.

Results and Discussion

AD was accompanied by the increased plasma concentration of
glucose, corticosterone and E. This increase appeared to be statistically
significant compared with data of control group and groups with lesser terms
of AD as well. The plasma concentration of IRl and T has significantly
decreased at 15" and 30" days of the experiment but on the 45" day their
further changes compared with previous terms were not statistically
significant (Table 1, Diagram 1).

This could be related to the reduction of damaging effect of alloxan at
45" dw whrep acatci B-cells entered into regeneration phase. The
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reduction of intensity of IRI decline is accompanied by the reduction of
intensity of T decline as well as it was described by Kandeel, et al. (2007). It
is established that hypoinsulinemia and decreased glucose utilization inhibit
protein, DNA and RNA synthesis in hepatocytes. In our study, hepatic DNA
synthesis was decreased by 44% and RNA synthesis by 29% at 15" day of
AD. In case of hypoinsulinemia and hyperglycemia, the glucose, which
abundantly penetrated into hepatocytes (insulinis notrequired for the
entrance of glucose in the hepatocytes, but only for its utilization by the cells
- Kelly & Jones, 2013) promotes a significant increase in the production of
hydroxyl radicals, which increase the amount of Bcl-2-associated X protein
(BAX-protein). Besides, BAX protein stimulates the release of cytochrome
C from mitochondria, caspase-3 activation and induction of apoptosis
(Frances, et al., 2010).

After injection of radio-inert methyltrienolone, the glucose level
significantly decreased being not statistically different in comparison with
the data obtained at 15" day of experiment. This can be explained by the
fact, that testosterone promotes the synthesis of i-RNA of IRI receptors in
hepatocytes, which leads to increased sensitivity of hepatocytes toward IRI.
In this conditions the minimal rise of IR is enough to stimulate the glucose
utilization in liver cells (Kapoor, et al., 2006; Sato, et al., 2008). IRI exerts
anti-apoptotic properties based on the stimulation of XIAP, which inhibits
caspases and suppresses the apoptosis (Frances, et al., 2010).

Our study, supports that injection of exogenous androgen
supplementation significantly increases DNA (24%) and RNA (8%)
synthesis in liver (Diagram 2).

T shifts insulin signaling toward cellular protein anabolism (Shahidi,
2001). T increases Glut4 expression and downstream signaling such as Akt
and PKC-zeta/lambda phosphorylations and the main glycolytic
phosphofructokinase and hexokinase enzymes (Sato, et al., 2008). Injection
of methyltrienolone, had no effect on the concentration of IRI: the latter was
not different neither from the data obtained at 30" nor 45" days of AD
model.

Due to reduct o ro frat (3-cells-derived insulin by alloxan imply, the
synthesis of T is not stimulated adequately. Reduced T concentration can no
longer afford inhibition of lipoprotein lipase enzyme. This enzyme, located
at the endothelial membranes of blood capillaries into adipose tissue,
releases the triglycerides from fat rich chylomicrons and very low density
lipoproteins; these triglycerides penetrate and deposit into adipocytes. Under
these conditions the enzyme aromatase, located in adipocytes, is activated
and converts already diminished T to estrogen. This observation is confirmed
by our data in which the marked increase in E> concentration paralleled the
decrease in the T concentration (Hayes, et al., 2000, 2001). However, the E>
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concentration which was increased at all stages of the experiment still
declined after methyltrienolone injection and was not statistically different
from indices of 15" day of AD (Table 1, Diagram 1).

The presented data confirms the results of Shahidi (2001), Haffner, et
al. (1988) and Pitteloud, et al. (2005) that the variability in the steroid
hormone concentration is dependent on insulin and glucose levels and vice
versa.

At the 15" day of AD it was observed an increase of liver AR
expression (Diagram 2). This can be explained by active consumption of
testosterone during alloxan-dependent stress that increased the number of
free AR enabled to interact with radioactive androgen H3-methyltrionolone
(R-1881). At subsequent stages the increased testosterone deficiency induced
by experimental diabetes was associated with drastic down-regulation of AR
exprse® nan ds ingnig( d uex h ema snkdi (Tepperman, 1968;
Moudgil, 1988,1990).
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Table 1. Bl alc oc et a tniofaluc se |RI, T, E,, corticosterone (Cor); activity of nucleic
acids (DNA and RNA) synthesis; expression of AR.

1 1. 1. V. V.
Control Diabetes - | pvalue Diabetes - 30 | p value Diabetes - 45 | p value Diabetes - 45 | pvalue
§ (n=20) 15 days days (n=20) days (n=20) days (15 days
o _ .
5 (n=20) getting
methyltrienolo
ne) (n=20)
5.10 12.30 <0.0001* 13.35 <0.0001* 15.00 <0.0001* 11.35 [<0.0001*
§ = | (4.90- (10.80- (12.90-13.60) <0.0004** (14.55-15.60) | <0.0001** (10.54-12.11) 0.08**
% E 5.20) 12.85) <0.0001*** [<0.0001***
[<0.0001****
o 23.30 12.42 <0.0001* 5.00 <0.0001* 4.72 <0.0001* 4.90 <0.0001*
§ (22.35- (11.89- (4.70-5.40) <0.0001** (4.63-4.88) <0.0001** (4.59-5.05) <0.0001**
2 | 24100 | 13.06) 0.05%* .14
E 0.32****
2.63 1.73 <0.0001* 1.38 <0.0001* 1.38 <0.0001* 2.40 <0.0001*
E (2.59- (1.68-1.80) (1.34-1.44) <0.0001** (1.31-1.41) <0.0001** (2.34-2.47) [<0.0001**
2 2.69) 0.61*** [<0.0001***
- 10,0001 %
0.015 0.019 <0.0001* 0.023 <0.0001* 0.032 <0.0001* 0.019 [<0.0001*
g (0.013- (0.017- (0.021-0.025) <0.0001** (0.031-0.034) | <0.0001** (0.017-0.021) 0.18**
8: 0.016) 0.020) <0.0001*** 0.0001***
i}
[<0.0001****
12.83 18.58 <0.0001* 22.15 <0.0001* 23.90 <0.0001* 20.45 <0.0001*
_E | Q172- (17.90- (21.24-22.53) <0.0001** (22.05-24.85) | <0.0001** (19.60-20.95) <0.0001**
S E’» 13.45) 19.03) 0.005*** [<0.0001***
[<0.0001****
180846 101276 <0.0001* 121163 <0.0001* 106698 <0.0001* 150096 <0.0001*
c
< ‘E | (180816 | (101272- (121157- <0.0001** (106683- <0.0001** (150086- [<0.0001**
% \g - 101283) 121170) 106711) <0.0001*** | 150106) [<0.0001***
= | 180872) [<0.0001****
324909 230701 <0.0001* 259956 <0.0001* 243700 <0.0001* 282696 [<0.0001*
c
< ‘E | (324870 | (230671- (259949- <0.0001** (243687- <0.0001** (282683- <0.0001**
E \g - 230712) 259962) 243714) <0.0001*** | 282707) [<0.0001***
= | 324963) [<0.0001****
1673.17 1885.95 <0.0001* 1121.86 <0.0001* 1003.43 <0.0001* 1509.53 <0.0001*
c
. ‘E | (1636.69 | (1876.15- (1109.23- <0.0001** (997.68- <0.0001** (1498.20- <0.0001**
< \g - 1894.55) 1135.32) 1013.45) <0.0001*** | 1516.34) [<0.0001***
= | 1705.25) [<0.0001****

Number of (*) indicates the group which data is compared to the data of given group
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Diagram 1. Concentrations (in percents) of glucose, IRI, corticosterone, E; and T in blood
of male rats.
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Diagram 2. Levels of DNA and RNA synthesis and AR expression in the liver tissue of
male rats.
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However, the administration of synthetic androgen during 15 days
followed by increased T level in blood plasma lead to up-regulation and
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actvimo n( dema s g ) onfAR. Data showed that receptor binds to
radioactive H3-methyltrienolone and cause further increase on the AR
expression in liver tissue.

Despite the expression of liver AR after treatment with H3-
methyltrinolone does not reach the control level, an increase in their number
significantly supports the restoration of liver function, including adaptive-
compensatory activities (Smirnov, 2009).

The increased glucose blood concentration during AD may be related
to reduced glucose-related metabolism caused by enhanced corticosterone
signaling. Under such circumstances, the increased level of steroid hormones
stimulates gluconeogenesis from protein and amino acids metabolism (Imai,
et al., 1993; Andrews & Walker, 1999; Kinote, et al.,, 2012). The
supplementation of  H3-methyltrienolone reduced IRl resistance,
hyperglycemia, corticosterone and E drastically altered during experimental
diabetes in male rats.

Conclusion

The present study showed that AD alters IRI resistance and glucose-
related metabolism as well as the levels of both gonadal and adrenal steroids
i nbl opldas oban mh gt hprsee of “me b acl § tsrseTh e
administration of exogenous androgen r ccoed t hef ect o f“s esrsah d
recovers the hormonal dysfunction induced by alloxan.

Restoration/functional activation of liver AR by methyltrienolone
accompanied by increased DNA and RNA synthesis in hepatocytes plays the
significant role in restoration of metabolic imbalance caused by AD.
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Methyltrienolone Influences on the Androgen Receptors and DNA&RNA
Synthesis in the Liver Cells of Male Rats with Alloxan-induced Diabetes
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Abstract

Introduction: It has been revealed previously, that metabolic imbalances during the diabetes, occurring with multi-organ par-

ticipation, are accompanied by the decrease of corticosterone concentration in blood and with the depression of DNA & RNA

synthesis, and as well as expression of androgen receptors in liver cells.

Aim: The purpose of our study was to examine how exogenous testosterone can correct mentioned liver cell disturbances un-

der the conditions of experimental diabetes.

Methods: The concentrations of glucose, immune-reactive insulin and testosterone were examined in blood in parallel with

studying of histology of pancreatic islets - on the 15t 30th and 45t days from intraperitoneal injection of Alloxan - to confirm

the development of adequate model of experimental (alloxan-induced) Diabetes in Wistar Rats aged 2 months and weighting

180-200 g. DNA and RNA synthesis, proliferative activity and androgen receptor expression in the hepatic cells were studied on

the same terms of the experiment — to confirm the involvement of liver in diabetes-caused metabolic disturbances. All above-

mentioned investigations were repeated in animals undergone to exposure of exogenous synthetic androgen — methyltrienolone

during 15 days — beginning from 31st day of Alloxan-induced diabetes.

Results: Methyltrienolone supplementation reduces the alterations of blood concentration of immune-reactive insulin, glucose

and testosterone and supports the regeneration of andr
However, the increase of nuclear acids synthesis is accompanied by increase of hepatocytes ploidy but not their proliferation.

Conclusion: The administration of methyltrienoloner e duces t he effect of “diabetic st
thesis in hepatocytes might be realized through the regeneration of active androgen receptors of liver cells. TCM-GM] May

2017; 2(1):P10-P13)

Keywords: Alloxan-induced diabetes, Testosterone, Liver androgen receptors, DNA, RNA, Pancreatic B-cells disturbance

Introduction
and causing various complications of diabetes. Deteriora-
ntraperitoneal injection of Alloxan in male rats  tion of sex hormones and liver metabolism is one of the
provokes the long-term injury of pancreatic  well-known features of both types (type 1 and type 2) of
islets followed by chronic hyperglycemia and  diabetes in common and Alloxan-induced experimental
generalized metabolism disorders. This model  diabetes, particularly.
of experimental diabetes is widely used for investigation The reduction of blood testosterone leads to the
of different pathways based on multi-organ involvement  changes of metabolic processes in liver!:2 and alteration of
DNA and RNA synthesis3. It is considered, that the func-
From the Medical Faculty, Ivane Javakhishvili Tbilisi State University tions of liver in males are changed motre drarnatically con-
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Rocio/IBiS/CSIC/University of Seville, Seville, Spain and Centro de In-  in compate with female livers* Considering, that hepato-
vestigacion Biomédica en Red de Enfermedades Hepiticas y Digestivas cytes as well as B—CCHS of pancreatic islets are Widely pro-
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pancreatic B-cells metabolism vie the pathways developing
with involvement of these receptors.

The aim of the present study was to investigate how the
exogenous androgen supplementation could influence on
the expression of androgen receptors and DNA&RNA
synthesis of liver cells impaired in alloxan-induced diabetes
model.

Material and Methods

The model of alloxan-induced diabetes was developed
in 80 male Wistar rats weighting 180-200 g. Administra-
tion of alloxan produced by Chemos GmbH & Co.
KG (Germany) was performed as it was described be-
fore3. 4 target groups with 20 animals in each one were
created: the 1t group was studied on 15% day after alloxan
intraperitoneal injection; the 20d group — after 30 days, the
3rd group - after 45 days, correspondingly; the 4% group
was studied after exposure of exogenous synthetic andro-
gen — methyltrienolone - during 15 days, beginning from
31st day after injection of Alloxan. The control group with
20 healthy animals received solvent. The concentrations of
glucose, immune-reactive insulin and testosterone were
examined in blood obtained from caudal vena cava in pat-
allel with studying of histology of pancreatic islets and liver
cells in all above-mentioned groups.

One hour before removing animals from the experi-
ments, the intraperitoneal injection of 3,7x10*Bq radioac-
tive androgen Methyltrienolone [17a-METHYL-3H] (R-
1881) was performed for the assessment of amount of
androgen receptors in liver (the method was described in
details earlier 3.

Paraffin sections of pancreas and liver (4 pm) stained
by hematoxylin and eosin were studied to assess the struc-
ture of pancreatic islets and ploidy of hepatocytes. Addi-
tional liver tissue sections were obtained for assessing Ki-
67 expression by immunohistochemistry. After deparaf-
finization and rehydration, endogenous peroxidase was
blocked in hydrogen peroxide solution. For the antigen
restoration, the samples were placed in 0.01 M citrate buff-
er (pH 6.0) and were heated in a microwave oven (1000 C
at 600W) for 15 minutes. After incubation with bovine
serum to avoid unspecific binding and blocking of non-
specific bonds, mouse monoclonal antibody anti-rat Ki-67
diluted 1:50 (clone MIB-5; DAKO) was incubated for 1
hour at room temperature. For the detection of bound
antibodies Novolink Polymer Detection System (Leica,
Germany) was used, and visualized using diaminobenzi-
dine (DAB, Leica) and counterstained with hematoxylin.

To determine the ploidy of hepatocytes, the computer
program Image | was used. The nuclei of 500 hepatocytes
were measured on the corresponding histology sections.
Based on the obtained data the diagrams were built for the
squates roughly similar to their size. The first peak corre-
sponded to 2C, subsequent peaks - 4C (2Cx2) and 8C
(4Cx2). Tissue samples (3X 5 Xnfm3) were taken from the
central and peripheral areas of all liver lobes.

The part of these samples being weighed, homogenized
pl1l
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and placed in scintillation fluid, were placed in a scintilla-
tion counter "Beta-2" (Scientific-Research Institute of
Medical Industry at Russian Academy of Medical Sciences,
Moscow, USSR) for determining of the number of andro-
gen receptors (AR) in liver (counting the radioactive im-
pulses).

The quantities of DNA and RNA in liver were studied
by radioactive H3-thymidine and H3-uridine as it was de-
scribed before3>.

The study corresponded to the principles of the Guide
for the Care and Use of Laboratory Animals (NRC 2011)
and approved by the Commission on Bioethics at Al
Natishvili Institute of Morphology, Iv. Javakhishvili Tbilisi
State University.

The obtained data were compared by using t test. p
values less than 0.05 were considered statistically signifi-
cant. Statistical analysis was conducted using SAS 9.2 soft-
ware.

Results and Discussion

The development of adequate model of experimental
diabetes is confirmed by alteration of the pancreatic islets
with destruction of the part of their B-cells - on all studied
terms from Alloxan injection (Figure 1). The structural
disorders in the islets are accompanied by decrease of
blood concentration of Insulin and Testosterone and in-
crease of Glucose.

A reliable decrease in insulin concentration is observed
on the 15t and 30t days of alloxan-induced diabetes. As
for the 45t day, its decrease is no longer reliable (Table
N1). This may be related to gradual leveling of the deleteri-
ous effect of alloxan on the 45t day of the experiment and
to the initiation of pancreatic 3-cell regeneration®.

The dynamics of insulin concentrations decrease is
respectively reflected in the dynamics of increasing glucose
concentration in blood: This increase is significant on the
15t and 30t days of the experiment, but on the 45t day
the increase of glucose concentration is no longer statisti-
cally reliable compared to the previous period (Table N1).

The decrease of the testosterone concentration was
observed in the presence of the experimental diabetes, the
dynamics of which is directly correlated with the dynamics
of insulin concentration decrease: Testosterone concentra-
tion is decreased by 34.7% on the 15% day of the experi-
ment, by 47,9% on the 30t day, and by 48.7% on the 45%
day in comparison ,with the control data. These data are
consistent with the results of other authors!29.

Hypoinsulinemia and decreased glucose utilization is
accompanied by inhibition of DNA and RNA synthesis in
hepatocytes. DNA synthesis was decreased by 44% and
RNA synthesis by 29% at 15% day of the experiment
which might be related with increased production of hy-
droxyl radicals, increasing the amount of Bcl-2-associated
X protein (BAX-protein), stimulating the release of cyto-
chrome C from mitochondria with activation of caspase-3
depended pathway of apoptosis’.

Injections of methyltrionolone, synthetic testosteron,
lead to the reliable increase in the testosterone indicator
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(although, do not reach the norm figures), but do not creased number of free AR enabled to interact with radio-
change the concentration of insulin in the blood (it does  active androgen (H3-methyltrionolone). The further deficit
not differ from the data of the 30 and 45% days of alloxan  of testosterone provoces violent down-regulation of AR
-induced diabetes); In addition, the concentration of glu-  expression and signaling®. Methyltrienolone supplementa-
cose is significantly reduced and statistically is no longer  tion leads to upregulation and activation of ARs, which in
different from the data of the 15t day of the experiment. their turn, bind to radioactive H3-methyltrienolone (see
Exogenous androgen supplementation significantly —above Materials and Methods) and increase in AR expres-
increases DNA (24%) and RNA (8%) synthesis in liver  sion in liver cells.
followed by a raise on the amount of polyploid hepato- Our study provides the additional data, that admin-
cytes in compare with 30t and 45% days of AD model i stration of methyltrienol
(Figure 2), although no increase in the number of Ki-67 an-induced diabetes in liver cells. The intensification of
positive hepatocytes was observed. DNA/RNA synthesis in hepatocytes by methyltrienolone
At the 15% day of alloxan-induced diabetes it was ob-  might be realized through the regeneration of active an-
served an increase of hepatic AR expression (Table N 1 drogen receptors of liver cells.
and Diagram 2). As we previously supposed, this can be
explained by down-regulation of testosterone and in-

Table 1. Blood concentration of glucose, immunoreactive insulin (7R[), testosterone (T )in rats; activity of nucleic acids (DNA
and RNA) synthesis; expression of androgen receptor (AR); the hepatocytes ploidy.

Groups Glucose | IRT pUu/ | T ng/ ml | DNAImp/g/ RNA TImp/g/ | AR Imp/g/ | The hepatocyte
mmol/L. | mg min min min ploidy (%)~

Controll 5,0%22, %2 2,65 18084p3@3904 ,16476,85, 6/ 3, 7/

| + 1, 36 + + + +
0,19 0,009 47,1 72,11 65, 1|3
Di abetday| 1B, §4 2, 44 1,73 10128p28P694.,11888,8%, 7/ 2h, 3/
| + 0,609 + + + +
1,17 0,07 69,58 28,32 22, 35
p value <0.0001% <0.0001% <0.0001% <0.0001% <0.0001* <0.0001* 0.0001*
| 1|/IDi abetMay|B®, 22 5, 01 1,38 12116B25295%.171624 .98, 3/ 1B, 2/
+ + * * * +
0,66¢ 0, 42 0, O 6 9, 66 11,07 22, 8|3
p value <0.0001% <0.0001% <0.0001%* <0.0001%* <0.0001%* <0.0001%* <0.0001%
<0.0004** | <0.0001%* <0.0001%** <0.0001%** <0.0001%* <0.0001%* <0.0001%*
| V| Di abethkeasy 4155, 14 4, 75 1,36/ 10669p2836999 1004,96, 3/ 1p, 7/
+ + + + + +

0,62 0,24 0,09 16,44 20.68 8,57

p value <0.0001% <0.0001% <0.0001* | <0.0001* <0.0001* <0.0001* <0.0001%
<0.0001%* | <0.0001** <0.0001** <0.0001** <0.0001**
<0.0001** 0.05%* 0.61%%* | <0.0001** <0.0001** <0.0001 *** <0.01%**
* <0.0001*** <0.0001***
V | Methyltrienolone 11,29 4,79 2.40 1500928626938 ,1507,(%8,2/2p, 5/
supplimeptatijon + + + + +

during 1{5 0d®aws 0,32 0,08 12.9p 20,63 10, 51
from 31tph day| of
Di abet ds

p value <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001*
0.08%** <0.0001** <0.0001** <0.0001** <0.0001** <0.0001** <0.0001**
<0.0001** 0.14%%* <0.0001*** <0.0001*** <0.0001*** <0.0001%** <0.0001%**
* 0.32%%%* <0.0001 **** <0.0001 **** <0.000] **** <0.0001 **** <0.0001 ****
<0.0001**
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Abstract
The Influence of androgens on diabetes mellitus is a subject of extensive discussion. Testosterone effect in clinical trials commonly is

evaluated in patients with diabetes type 2. In addition, the studies conducted on experimental models of diabetes (alloxan- and streptozotocin-
induced diabetes) also showed positive effects of androgen. Considering that experimental diabetes is more in line with diabetes type 1, it can be
assumed that male sex hormone positively effects both types of diabetes. However, its influence may be realized by different pathways. Therefore,
research of the opportunity of treatment of the various forms of diabetes with androgens, represents the active scientific and practical feature,
which is waiting for the final verdict.
Keywords: Diabetes mellitus; Testosterone; Experimental diabetes
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Introduction

It is established, that the testosterone deficiency promotes
the development of the metabolic syndrome, insulin resistance,
type 2 diabetes mellitus, hyperglycemia, as well as dyslipidemia
and arterial hypertension, which, in turn, increases the risk
of vascular diseases [1-7]. Conversely, in the case of high level
of testosterone, insulin resistance decreases and the risk of
development of diabetes is significantly reduced [89]. In
addition, the decrease in the index of insulin resistance is in
higher correlation with free testosterone than with the total
testosterone [5,10,11]. Supplementation of testosterone in males
with diabetes mellitus reduces the level of glucose in fasting and
after eating, as well as level of glycosylated hemoglobin [12,13]
and allows to reduce the dose of the insulin in insulin-dependent
patients [3,14].

In this background, it is interesting to note that the results
of several studies deny the statistically significant difference
between the patients with metabolic syndrome and type 2
diabetes, treated with testosterone and without it. This indicates
the need to continue research in this direction [15,16].

Discussion

It is confirmed that obesity and associated with it
hyperinsulinemia stimulates the formation of testosterone,
but suppresses the synthesis of sex hormone binding globulin
(SHBG) and thus reduces the number of circulating testosterone
[17,18]. Low levels of testosterone and SHBG are considered
as a predictors of the development of metabolic syndrome and
diabetes mellitus type 2 [19,20] and vice versa [21]. Insulin
resistance in the condition of the androgen deficiency is likely
to be associated with the changes of sensitivity of the skeletal
muscle to insulin. Castration of rats causes the expressed
insulin resistance in skeletal muscles, which is completely
restored by treatment with physiologic doses of testosterone
[22]. Testosterone, except the effect of sensitivity to insulin,
can directly influence on pancreatic B-cells [23]. Following the
androgen suppression therapy expressed hyperglycemia and
B-cells function failure are revealed [24], while streptozotocin-
induced early apoptotic damage of 3-cells in castrated animals is
prevented by testosterone replacement therapy [25].

Curr Res Diabetes Obes J 2(5): CRDOJ.MS.ID.555598 (2017)
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Testosterone acts through the androgen receptor (AR),
which represents a ligand-activated transcription factor. It was
shown, that in male mice with reduced number of AR in B-cells,
as well as on human cultures, these receptors play an important
role in testosterone potentiation of glucose-stimulated insulin
secretion (GSIS). The pathway is based on the icrease of the
CcAMP concentration in the B-cells and the activation of protein
kinase A (PKA), which, in turn, increases the GLP-1 (glucagon-
like peptide-1) effect. This finding may have important clinical
and pharmacological value for the prevention of type 2 diabetes
in elderly men [26]. Glucose homeostasis was studied in 12
weeks male mice lacking AR in [ cells (BARKO). This is the age,
which is followed by the development of the delayed obesity and
insulin resistance in mice, backed by the total (or partial) deficit
of AR. During 9 weeks, in the conditions of metabolic stress
caused by the western diet, the BARKO-/y mice showed reduced
insulin concentration and hyperglycemia both, after fasting as
well as after feeding, unlike the control group mice. Thus, it has
been confirmed that in the mice with a deficiency of AR in B-cells,
the tendency to insulin deficiency is revealed,while western diet
is followed by GSIS reduction and development of tolerance
to glucose, despite the fact that the number of B-cellsdoes not
change [26].

It is important that insulinotropic function of the AR
is revealed in the human Langerhans islets in case of the
physiological concentration of testosterone. It proves that
testosterone is important for normal GSIS in males. Lack
of androgen causes GSIS deficiency and creates favorable
conditions (disposition) for the development of the type 2
diabetes mellitus. Decreasing of glucose concentration after
testosterone supplementation also can be explained by the fact,
that testosterone acting through the AR of liver cells promotes
the synthesis of m-RNA of insulin receptors in hepatocytes,
which leads to increased sensitivity of hepatocytes toward
Insulin. In this condition the minimal concentration of insulin
is enough to stimulate the glucose utilization by the liver cells
[3, 27, 28]. In contrast to males, the lower number of AR in
the B-cells of females does not change GSIS [29]. The reason is
that, apparently, androgen concentrations in serum and tissues
of female rats is less than needed to activate the androgen
receptors [30]. As it was noted, high levels of testosterone in
male are correlated with increased sensitivity to insulin. In
addition, aromatization of testosterone 17b to/into estrodiol
(E2) is important for energetic homeostasis in males. In the
castrated male rodents, treated with pure androgen-DHT, which
is not transfered into E2, is developed obesity, unlike the rodents
treated with testosterone. This indicates that restoration of
fat after the castration is caused by the transformation of
testosterone into E2, which influences estrogen receptors (ER).
This observation is confirmed by the data in which the marked
increase in E2 concentration paralleled the decrease in the
testosterone concentration in alloxan diabetes model [28,31,32].
Following the 200 mg/kg intraperitoneal injection of Alloxan

CRDO0J.2017.2.555598,

toWistar male rats [33, 34], just like after 50 ml/l intraperitoneal
injection Streptozotocin (STZ) to Sprague-Dawley female
rats, there were found necrotic B-cells in Langerhans islets.
The degenerative changes with lower intensity were found
in epithelial cells of the liver and kidney tubules. The alloxan
or STZ injection in adult rats promotes the development of
severe and irreversible diabetes, which is very similar to type 1
diabetes [28, 35-37]. B-cell death is the last phase of its damage
in experimental diabetes and can be expressed with the necrosis
or caspase dependent apoptosis [37].

Insuline and glucagone have opposite effects on glucose
homeostasis in the liver. Low level of insulin and high level of
glucagon in the state of hunger promotes gluconogenesis and
glycogenolysis in the liver that prevents the development of
hypoglycemia. Thus, the fasting glucose level is determined by
liver generated glucose level. After eating, glucose is the major
factor which promotes insulin synthesis in B-cells and causes
its secretion. Synthesized insulin interacts with insulin receptor
in peripheral tissues (in skeletal muscles and fatty tissues),
causing a number of intracellular reactions that promote glucose
absorption and utilization of postprane glucose, thus maintaining
glucose homeostasis [38,39]. In case of type 2 diabetes mellitus,
B-cells lose their ability to respond adequately to peripheral
insulin-resistance and demand for increase of insulin secretion.
The increased amount of glucose in the blood promotes the
secretion of pro-inflammatory cytokines from f-cells, which
leads to the activation of mononuclear cells and the increased
production of local cytokines. These pathological inflammation
results in the progression of B-cells dysfunction and leads to
their death. Male patients with type 2 diabetes mellitus, who
demonstrate low levels of testosterone, can improve their
health by treatment with testosterone. Such a conclusion has
been taken as a result of randomized, double-blind, placebo-
controlled study [40].

It should be noted that the majority of clinical trials study
estrogen effect in diabetes type 2. In addition, studies conducted
on experimental models of diabetes (alloxan- and STZ-induced
diabetes), also confirms the positive effects of androgen.
Considering that experimental diabetes is more in line with
diabetes type 1, it can be assumed that male sex hormone
positively affects not only diabetes type 2, but also diabetes type
1. The first positive clinical observations in this regard, which
confirm the necessity to continue studies, have appeared [41].

Conclusion

Analysis of those studies, which examine the general
mechanism of the action of androgens in “patho- and
sanogenesis” of type 1 and type 2 diabetes, gives the basis
to conclude that adding androgens may influence in various
ways on the different disorders caused by diabetes. Therefore,
research of the possibility of treatment of the various forms of
diabetes with androgens, represents the active scientific and
practical feature, which is waiting for the final verdict.
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HocTu BRAF aHTUTEN, UTO YKa3bIBaeT Ha He0BX0AUMOCTb
6011ee OCTOPOXKHOIO NOAXoAa K JaHHOMY TUMY ONyXosu.
CreneHb akcnpeccun BRAF aHTUTeN B uccnegyembixX
rMCTONATONOrMYecKMX rpynnax ysenmymBanacb C NoBbl-
LUeHVem arpeccuHocTn onyxonum (p<0,005). Bece cnyyan
NanuISAPHOIA KapLMHOMbI C MHOTOY3/10BOI BOBNEYEHHO-
CTbHO 1 3KCTPATMPEOUIHLIM PacnpoCTpaHeHNEM MoKasan
YMepeHHY0 NN CUMBbHO BbIPaXKeHHYHO MONOXUTETbHOCTb
akcnpeccun BRAF aHTUTeN.
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INFLUENCE OF TESTOSTERONE ON MORPHOLOGICAL CHANGES IN PANCREATIC
ISLETS AND LIVER TISSUE OF RATS WITH ALLOXAN-INDUCED DIABETES

L3Kandelaki S., ’Kharabadze M., *Sikharulidze 1., 'Velijanashvili M., ?’Kakabadze M., ?Kordzaia D.

I Javakhishvili Thilisi State University; °A. Natishvili Institute of Morphology,
3Thilisi State Medical University, Georgia

Diabetes Mellitus (DM) is the outcome of progressive
damage of the B-cells [3].Various mechanisms proposed to
describe the pB-cell damage [12,13] was used as the basis
for modeling of DM for the experimental studies.

Alloxan-induced diabetic model (AIDM) is one of
the most widely used models for inducing DM type 1 in
rodents. Alloxan selectively targets Langerhans islets and
induces the damage of B-cells. Single injection leads to
toxic efect and apoptogenic changes, hypoinsulinemia,
and hyperglycemia [5], which in turn stimulates a cascade
of dysmetabolic mechanisms, including the processes that
activate apoptosis of the p-cells [1].

It should be mentioned that the Langerhans islets are
not the only targets damaged during diabetes. Histologi-
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cally and immunohistologically confrmed changes in liver
and kidney tissues were revealed in experimental models
of diabetes. These damages are caused by the mechanisms
such are hypoxia, apoptosis, and calcium infux [11].

The eforts to determine the expediency of using
various substances and compounds for treating diabetes
are permanent. One of such substances is testosterone.
Numerous clinical and experimental studies show a positive
efect of testosterone in DM type 2 (in most of the studies)
aswell as DM type 1 (in certain studies), however, the fnal
verdict with respect to its efect has not been reached yet.

The purpose of the study is to investigate the mor-
phological changes in pancreatic islets and liver tissue in
AIDM and after its treatment with testosterone.
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Material and methods. The study was carried out
in the laboratory A. Natishvili Institute of Morphology,
Ivane Javakhishvili Thilisi State University. The experi-
ment involved 100 adult male Wistar rats of the second
post-pubertal age, with the weight of 180-200 grams. The
requirements set forth by the Guide for the Care and Use of
Laboratory Animals (8" ed) approved by National Research
Council of the National Academies [7] has been followed
during the experiments.

For induction of diabetes animals were administered
asingle intraperitoneal dose of Alloxan (Chemos GmbH &
Co.KG (Germany)) - 2,0 mg per 10 g of body weight [6].

Animals which developed Alloxan-induced diabetes
where divided into four groups (20 animals per group):

I group was investigated on day 15" of AIDM; Il
group - on day 30" of AIDM; Il group - on day 45" of
AIDM; The animals of 1V group, on 31t day of AIDM were
administered 0.5 mg of synthetic radioinert androgen -
Methyltrienolone — for 15 days. These animals were studied
on day 45" after intraperitoneal injection of Alloxan, i.e.
on day 15" of treatment with Methyltrienolone.

Rats in the control group (20 animals) were given
physiological saline solution through an intraperitoneal
injection.

All animals were sacrifed by intensifying ether anes-
thesia. Upon death, pancreas and liver were removed with
the use of surgical tools.

For the histological investigation of pancreatic and
liver tissues, their fragments were fxed in 4% formalde-
hyde prepared on 7,2-7,4 pH phosphate bufer and later
embedded in the para®n according to standard protocols.
3-4 um thick samples were stained with hematoxylin-eosin
(H&E). The slices were studied by light microscope (Mi-
cros) equipped with a digital camera. 5 animals from each
group were subjected to morphometric analysis; 10 samples
were studied from each animal. Adobe Photoshop software
was used to determine the average size of the pancreatic
islets (the area occupied by the islets, measured in um?) as
well as to measure the areas of necrotic foci in the islets.
The degree of the liver damage was assessed by 5-points
“visual scale”, where “1” corresponds to the norm (practi-
cally without changes) and “5” - with severe degenerative
(necratic) changes.

Results and thier discussion. The structure of pan-
creatic islets and liver tissue of the rats in the control group
were in full compliance with the standard morphology of
these tissues in rodents, described in numerous studies.

In particular, the pancreatic islets are distinguished
as non-encapsulated, comparatively pale-colored round
or oval areas formed by the various cell groups separated
by the capillary network. They are well isolated from the
adjacent exocrine tissue. Mainly B-cells are located in
the center of the islets, however, rarely they can create
the row (cell line) bordering the islets from the tissue
of the exocrine pancreas (similarly to “bordering plate”
in the liver) (Fig 1-A).
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Figure 1.
A. Pancreatic islets with endocrine cells. Control

group. H&E Obj.x20, Ocx15.

B. Disrupted normal architecture of pancreatic is-
lets on 15™ day of Alloxan-induced diabetes. H&E Obj.
x20, Ocx15 (necrosis of B-cell - ; swelling of the inter-
cellular substance - 4 ; hypertrophy and vacuolization of
B-cells - T ; B-cells nuclear pyknosis (irregular hyper-

chromic nuclei) - .

C. Structure of pancreatic islets on 30" day after
Alloxan-induced diabetes. Combination of necrotic foci
with less damaged cells. H&E Obj.x20, Ocx15. Degenera-
tive changes in the islet - .

D. Structure of pancreatic islets after 15-days treat-
ment with methyltrienolone. The cellular composition is
almost similar to normal. H&E Obj.x20, 0c.x1 5.

E. Liver tissue on 30" day of Alloxan-induced dia-
betes. H&E Obj.x20, Oc.xl 5.

F. Liver tissue after 15-days treatment with methyl-
trienolone. H&E Obj.x20), 0c.x1 5.

Hepatocytes are organized into plates separated by
vascular channels (sinusoids). Majority of hepatocytes
contain the single diploid nuclei, except for some cases
where the nuclei are tetraploid.

Destructive changes in B-cells were revealed in the
animals of all experimental groups with AIDM. This can
be explained by the targeting damage of B-cells by Alloxan
(this specifc efect serves as a basis for the modeling of
diabetes) [10].

Within 15 days of AIDM, the degenerative changes
and necrotic lesions were mostly expressed in the pancreatic
islets which are adjacent to the large blood vessels. The
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necrotic changes were revealed in part of the 3-cells; some
of them underwent vacuolization, while others expressed
pale-colored pyknotic nuclei. Sometimes the degenerative
changes were vividly seen at the periphery of islets, where
the “white” vacuolated cells formed “bordering plate”,
however, more often the changes were seen centrally —were
vacuolized or foam-like cells with transparent cytoplasm
were grouped in the clumps. Despite colliquation of the part
of the damaged cells, the islets were shrunk, due to which
the identifcation of capillary lumens as well as the endo-
theliocytes was difcult. At the same time, the epithelium
of pancreatic acini, blood vessels of various diameters and
connective tissue structures maintained the normal structure
(vacuolization of the cytoplasm in the cells of some acini
may be regarded as an exception). (Fig 1- B).

All described changes are typical for AIDM in rodents
and indicate that substantial damage of islets directly corre-
lates with the changes in insulin and glucose concentrations
in blood, as it was shown previously [10]. It is assumed that
death of B-cells, which may be expressed by necrosis or
caspase-dependent apoptosis, represents “well-established”
stage of experimental diabetes [8]. Considering the fact,
that on 15th day of experimental diabetes, the number of
cells with necrotic changes evidently prevail the number of
cells with apoptotic bodies (these bodies were revealed in
only small number of B-cells), it might be concluded that
Diabetes has not still reached the peak of its development
on the 15th day of the Alloxan injection.

On the 30th day from AIDM, the morphology of
pancreatic islets revealed the changes of the same type as
on the day 15th. Hereby, the intensity of damage in some
islets was signifcantly high, which was expressed in al-
ternating necrotic foci and less damaged cells. (Fig 1- C).
The number of Apoptotic foci was also increased on the
30th day of AIDM.

On day 45th of AIDM, the morphologic picture of
pancreas practically does not difer from the picture seen
on day 30th. Stalling the intensity of the damage may be as-
sociated with the plateau of Alloxan’s damaging efect [10].

After 15-day treatment with testosterone (methyltri-
enolone) (from day 31 to day 45 of AIDM), the recovery
of structural changes in the pancreatic islets was revealed:
the number of cells in the Langerhans islets and therefore
their density was increased; the number of vacuolized and
necrotic B-cells cells dropped signifcantly. had The con-
tours and compositions of the majority of pancreatic islets
were almost similar to normal cells.

In total the area of islets on days 15th, 30th and 45th
after AIDM was convincingly diminished compared to
the value of animals in the control group, however, these
do not difer from each other convincingly. The necrotic
areas in these islets (which basically corresponds with the
summary areas of necrotic B-cells) convincingly increased
on days 15th, 30th and 45th after AIDM compared to the
data of animals from the control group, however, these do
not convincingly difer from each other. In addition, total
area increased and the area of necrotic foci decreased in the
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pancreatic islets of the animals in IV group (including the
animals with AIDM received the treatment with methyltri-
enolone from day 31st to day 45th) while the characteristics
approximated to the values of the control group (Diagram).

pm® A

19 000
17 000

14 000

8 000

Control 1 Group
Group

1l Group 11 Group IV Group

Diagram. Change of islet area and areas of necrotic foci
on various terms of Alloxan-induced diabetes and after
treatment with methyltrienolone

Both the areas of pancreatic islets and necrotic foci were
measured taking into account the existed experience [4].

The liver is one of the most important organs involved
in the regulation of energy homeostasis. Therefore, it is
natural that in case of experimental diabetes it developed
certain changes. The damage of liver tissue (degenerative
changes, decomposition of plates, stasis, and infltration)
was assessed as score “2” and “3” for all terms of AIDM.

The granular degeneration of diferent degree, rarely
fatty inclusions and vacuolization, as well as the develop-
ment of apoptotic bodies, were revealed in the hepato-
cytes. These changes represent the outcome of Alloxan
induced dysmetabolism. These data are in unison with
the data described by S. Lenzen regarding liver damage
in streptozotocin-induced diabetes, however, after strep-
tozotocin injection, the progression of diabetic changes
is signifcantly higher [10]. The lesions of liver tissue
revealed on day 15th, 30th and 45th after AIDM, do not
substantially difer from each other. During 15-days treat-
ment with methyltrienolone (within day 31st to day 45th of
AIDM) normalized the histological features of the liver: its
damage was assessed as score “1”, while the changes that
corresponded with score “2” were seen only in several foci.

Conclusion.

AIDM causes the degenerative changes in pancreatic
islets and liver tissue.The intensity of the changes corre-
lates to the time since diabetic modeling. These changes
also correspond with metabolic abnormalities described
for various experimental models and in the clinical course
of the disease.

Taking into the consideration, that AIDM corresponds
more with the DM type 1, we may conclude that male sex
hormone has a positive efect not only on DM type 2 (as it
is widely discussed) but also on DM type 1. Furthermore,
treatment of diabetic animals with testosterone corrects not
only the biochemical indicators (glucose, immunoreactive
insulin, sex- and steroid hormones — described in various
studies, including our previous works [2,9] but also a mor-
phological structure of pancreas and liver.
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SUMMARY

INFLUENCE OF TESTOSTERONE ON MORPHO-
LOGICAL CHANGES IN PANCREATIC ISLETS
AND LIVER TISSUE OF RATS WITH ALLOXAN-
INDUCED DIABETES

I3Kandelaki S., * Kharabadze M., *Sikharulidze I.,
Velijanashvili M., ?’Kakabadze M., “*Kordzaia D.

II. Javakhishvili Thilisi State University; °A. Natishvili
Institute of Morphology, * Thilisi State Medical University,
Georgia

The role of exogenous testosterone (methyltrieno-
lone) in the repair of damaged pancreatic islet and liver
cells during alloxan diabetes was studied. Modeling of
diabetes was performed through single intraperitoneal in-
jection of Alloxan, with the dose 2 mg per 10 g of body
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weight. Pancreatic and liver tissues were investigated mi-
croscopically using 3-4 um slices embedded in para®n
and stained with hematoxylin and eosin. Software Adobe
Photoshop was used to measure the areas of pancreatic islets
as well as areas of necrotic foci in these islets of animals with
Alloxan-induced experimental diabetes. The degree of liver
damage was assessed by a 5-score “visual scale”.

The animals with diabetes revealed degenerative
changes of pancreatic islets and liver tissue, the intensity
of which correlates with the time-period passed since dia-
betic modeling. These changes correspond to the meta-
bolic abnormalities described for various experimental
models or clinical cases of diabetes.

The study revealed that treatment of Alloxan-induced
diabetes with testosterone (methyltrienolone) restores not
only the biochemical disorders (as previously described)
but also supports to reverse the pathological changes in
pancreatic and liver tissues.

Keywords: Alloxan-induced diabetes, testosterone, his-
topathology, pancreas, liver.

PE3FOME

BINAHWE TECTOCTEPOHA HA MOP®OJ10I -
UECKVE MSMEHEHWA OCTPOBKOB NOAXKEJ1Y-
JOUYHOW YXENE3bl N TKAHW MEYEHWN Y KPbIC
C AJINOKCAHOBbIM ANABETOM

I3KaHpenaku C.K., *Xapabagse M.bB.,
2Cuxapynuase W.T., 'BenumpkaHawsunm M.O.,
12Kakabaase M.LL., ?Kopgsava 4.4,

IT6unMCcCKMiA rocyfapcTBEHHbIA YHUBEPCUTET UM. U.
O>kasaxuwsuny; MIHCTUTYT Mopdonorum um. A. Ha-
TUWBKUAK; STOUNCCKNIA rOCyAapCTBEHHbIN MeAULUHCKIIA
yHVBepcuTeT, [py3us

V13yyeHa posib 3K30reHHOro TectocTepoHa (MeTUATpU-
€HO/I0Ha) B BOCCTaHOBNEHWW MOBPEX/AEHHbLIX OCTPOBKOB
MOXKENYA0HHOM Xene3bl U KNETOK NeveHn Npy annokca-
HoBOM AuabeTe. MogennposaHue auabeTa NPOBOAUIOCH
C NMOMOLLbI Pa30BOA BHYTPUOPIOLLIMHHON UHBLEKLUN
annokcaHa (2 Mr Ha 10 r macchbl Tena).

TkaHW NOMKeNYAOUHON dXenesbl U NeYeHn nccnemo-
Ba/IMCb MUKPOCKOMUYECKH (3-4 MKM Cpe3bl, 3aKIHUEHHbIE
B NapaH 1 OKpaLLeHHbIe FEMaTOKCUIMHOM 11 303UHOM).
MporpamHoe o6ecneyeHne Adobe Photoshop ncnonb3so-
Ba/10Cb AN M3MEpPeHUs MoLiafeli OCTPOBKOB MOMKeNY-
[OYHOM Kenesbl, a TakKe HEKPOTUUYECKMX 04aroB B 3TUX
ocTpoBkax. CTeneHb NOPaXKeHWs NeyYeHW OLeHMBaIACk Mo
5-6a/1bHOV «BM3yabHOW LUKaNe».

Y XUBOTHbIX C 1MabeTOM BbISiB/EHbI A€reHepaTuB-
Hble N3MEHEeHNS OCTPOBKOB MOAXENYA0YHOM Xenesbl U
TKaHW MeYeHn, MHTEHCMBHOCTb KOTOPbIX KOppPenmpyeT
C NepvofoM BPEMEHU, NPOLLeAINM NOCAe MOAENN-
poBaHus gmabeTa. ST U3MEHEHUS COOTBETCTBYIOT
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MeTabo/MYeCcKUM CABUraM, OMUCaHHbIM B Pas/IMYHbIX
3KCNepyMeHTa/IbHbIX MOAeNsX Auabeta u/mnn KnHnye-
CKMX HabNtofeHMAX.

VccnefoBaHue nokasano, YTo siedeHne ansiokca-
HOBOro fAnabeta TECTOCTEPOHOM (METWUITPUEHOIOHOM)
BOCCTAHaB/MBAET He TO/bKO OBUOXUMUYECKIME HapyLLIEHNS
(kaK onmcaHo paHee), HO TaK>Ke CMOCO6CTBYET PeBepCUi
CTPYKTYPHbIX U3MEHEHWIA, Pa3BUBLLUMXCS B TKaHAX Nof-
YKENYA0UHOM Xenesbl 1 MeYeHN.
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PECULIAIRITIES OF MELATONIN EFFECT ON CHONORHYTMIC ORGANIZATION
OF KIDNEY ACID-REGULATING FUNCTION INFLUENCED BY NITROGEN MONOXIDE
SYNTHESIS BLOCKADE UNDER CONDITIONS OF PINEAL GLAND HYPOFUNCTION

Semenenko S., Tymofychuk 1., Boreyko L., Karatieieva S., Slobodian K.

Higher State Educational Institution of Ukraine “Bukovinian State Medical University”, Chernivtsi, Ukraine

The work investigates the peculiarities of melatonin
efect on chronorhythmic organization of the kidney acid-
regulating function infuenced by nitrogen monoxide (NO)
synthesis blockade under conditions of pineal gland (PG)
hypofunction. NO synthesis blockade under conditions of
PG hypofunction were found to cause disorders of circadian
organization of the kidney acid-regulating function and injec-
tion of melatonin (MT) led to correction of these violations. In
animals that blocked the synthesis of NO in the background
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of constant illumination and simultaneously introduced MT,
it can be assumed that the blockade of NO synthesis under
conditions of correction by melatonin increases the average
daily urine pH as compared to the control (8.6+0.17 units).
The results obtained are indicative of phase structure disorders
of acid excretion rhythm concerning.

Stability of periodical changes of light, temperature,
humidity, geomagnetic feld and other parameters of the
environment caused by the motion of the Earth and Moon
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