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dgmbodal dgbbogmes Bomdmaagbl mobsdgmag dommmanabs ©s dgwn30bals
96m-go N3ndgmgl 3Mmdemgdsl. 3mdgmb@ebal (369088 50bndbagl oM dbmenme
mf3560D30b Lbgewsbbzs gabommmaon@o 3mbLEGSEEEL (36mdoen FnIngmdsl,
503390 0l 3ma3o3L GobommmanyMo Mged30900lL s@e3@d(300bs ©S FMmmEn-
boznol 3Bm(39LgdL, GmImagdai HOMNb3gmYMBge MMAsbaBI0L gMmsbmMdsL,
Bmgm@ beMdsmm 30Mmdgddn, sbgzg dobo s@bgdmdal SoMmdgdals dg3gemo-
Lab. MMa60B30l LEGNIGNMYdaL s BBJ(30960L gPMEsbmdal dgbsmhybgdada
dmagetn Mmmo g34m3b0lb bgMgmm, 9bmzMmabym s 0dxby® Lolbdgdgol. bym-
390 bobBgdob dmJdggds nbgg3l 9bmMabymoa KoM33mgdobs s 39898 980-
a0 Bbg30900L 305g&0MMgosl, Mo doMomswan bEMbggmymyl astgdmb
306Mmd980L bgdmJdggdobomdn mMasbndInl s@ad3@s305L.

D@96 396mbol dmboggd 3obsgmds 3g(3609Mds 356L Lyemogd hsdmayse-
0ds mgmmos bgMgbol dgbobgd (Stress — ggodob‘g]qwmbo). Lgmogl dgbgrmmgdom
LEMgbo MEFbMMO o BB (33e0mgdgdol gMcMmomdss, MMIgmo(s
3005M©gds mMasbnddby 6gdabdngHn Dg8mddgmgdal mmbL (16)". 3mgznsbgdom
0g0n 5bndbsgms, Mmm3 LGMgbo ,mMasbodIob sMEb3gzoGMG Mgsdoss gofg-
3mb 6980b30gH 8mJ89wgdsdg” (17)'2.

LML ymzgmEEoYMo (3bmMZgMgdaL gobmymEBgmo babomos. BLogmmmao-
9 Canon W.B. — The emergency function of the adrenal medulla in pain and the major emotions Am. J.
Physiol. 1914.V.33. P.356-372.

10 McEwen B.S. Wingfield J.C., — The concept of allostasis in biology and biomedicine. Horm. Behav.
2003.43. P. 2-15. McEwen B.S. — Stress adaptation, and disease. Allostasis and allostatic load. ann N.Y.
Acad. Sci. 1998.840. P. 33-44.

11 Selye H. — Stress and the general adaptation syndrome, BMJ1, 1950, P. 1383-1392.

12 Selye H. — Stress withaut distress. — N.Y., Holder and stoughton, 1974. P.178-192
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a0 5 Bodoggmo bEMgbmMgdo 0b3gg3L MEas60B330 GaDomEman® (33em0-
mgdg8L, o3 9M393L 3MIgmbESDL. 3mMBgmLEEbOL smboagbom Medmmgbndy
BodDommmgon@o 894560B80 Boommgzgds, Mobo ,ommb@ebo” (14,18)3 9bmoads.
0913(39, ©MM3930L d98am3d domemaonEn BMbdzns MIMMbLS ,bmMISL"
o6y gmby@b. LEEGLL Jgndmagds 3Jmbogl bobamdmogn as3mgbs 0bwnzndy.
L3gogomco  bGMabmMgdo (806. go6do Lozngg, 39Mx0do bb3.) 20g@o-
169896 LagMom bgzPmmmany® s gobommmgon®  Jugmb (16)". bbzswsbb-
35 &03ob LBEgbmMgdo sm30madmoe o6 06393L oMoy domdadonE s
gobomemaon® (33em0mgdgdlb, b3gononco bEmgbmmgdo 0639396 kg6 (30-
@ gobomemmanm® 3sbmbadl G3060L 59@ngo(300L 358 gMbgdal Romgmoao (19,
20)" 039bmMgod@ommmdsls (21)', Gq(393@mEme 94b3GAqbosl (22)7 ws Bgofm-
&m56L30@ 9B nm LgzMgasl (21)8. Lgmoglb dabgozom, LGMgbama Mgodnob asb-
30000690530 bsdyzebo Gimeo 6gnfmm-3mEdmbama®, 39Mdme, 303manb-sgb-
96ane bobgdslb gboggds. bohzgbgdns, MM gbomMabyma LobGgdob ddmsozm
0dB035@™ML GBLogmagba@o Rsd@mMgdai BoMmdmawagbgb, dsmn bgdmddgwagdals
dggase 3gbsdhbgzem ,LEMYL-3MMIMbgd0” BMEYds, MmaMENEeS SEMIbm-
3MOG03MGOHM3INma ImMmbal (23)" s 3mGHE03mbEIMMogdal (24, 25,) 2 3mb-
(396@®5(308, 53 3603369cmm356 g3o3mgbsl sbgblb Maz0l B30bal o3 BEgdsmMds-
b9 (26,27 )" . 1330 B08mgb0dg srgmemo Bemol 939a Lo jnmoMo ©s 330639300
baggmdzgmdy Loy o6 MoFymes bgGgmmo Lobdgdol 3603369mmdL Sa3@8)m-

13 McEwen B.S. Wingfield J.C., — The concept of allostasis in biology and biomedicine. Horm. Behav.
2003. 43. P. 2-15. Dhabhar F.S. Satoskar A.R. Bluethmann H. David J.R. McEwen B.S. — Stress —
induced enhancement of skin immune function: A role for Y interferon. Proc. Natl. Acad. Sci. 2000, USA 97,
2846-2851.

14 Selye H. — Stress and the general adaptation syndrome, BMJ1, 1950, P. 1383-1392.

15 Dayas C.Y. Buller K.M. Crane K.W, Xu Y. Day T.A. — Stressor categorization: acute physical and
psychological stressors elicit distinctive recruitment patterns in the amygdala and in medullary noradrenergic
cell groups, Eur. J. Neurosci, 14, 2001. P. 1143-1152. Reyes T.M. Walker J.R. Decino C. Hogenesch J.B,
Sawchenko P.E. — Categorically distinct acute stressors elicit dissimilar transcriptional profiles in the
paraventricular nucleus of the hypothalamus J.Neurosci. 23, 2003, P. 5607-5616

16 Pacak K. Palkovits M. — Stressor specificity of the central neuroendocrine responses: implicetions for
stressrelated disorders. 2001. Endocr. Rev. 22(4), 502-548.

17 Ghi P. Ferretti C. Blengio M. — Effects of different types of stress on histamine — H3 receptors in the rat
cortex, Brain Res. 1995, 690, 104-107

18 Pacak K. Palkovits M. — Stressor specificity of the central neuroendocrine responses: implicetions for
stressrelated disorders. 2001. Endocr. Rev. 22(4), 502-548.

19 Bartanusz V, Jazova D. Bertizi L.T. Tiders F.J.H. Aubry J.M , Kiss J.Z. — stress — induuced increase
in vasopressin and corticotropin — releasing factor expression in hypophysiotropic paraventricular neurons.
Endocrinology. 1993, v.132, p.895-902.

20 Bruhn T.0. Plotsky P.M, Vale W.W. — Effect of faraventicular lesions on Corticotropin — Releasing
Factor (CRF) - like Immunoreactivity in the STalk — Median Eminence: Studies on the Aolrenocorticotropin
Response to Ether Stress and Exogenous CRF//Endocrinology — 1984. y.114, Nel, p.57-62. sbsemsdg em.
bs6s65d30em0 3. — gy 3mdobs o JmengbBgmnbolb dsh39698emol goblbodmgms g3ebbbgsggdaemo
bomormmob mogoszgomn Mgsdizngdol GgbBomgdobsb. bmbadolb mbogg@mbodgdol dmmdgdo XIV.
bodmbg30b8gBys9crm™ 893609698900 bgFns. 008.2016.33. 143-154

21 Mason J.W. A — review of psychoendocrine research on the sympathetic — adrenal medullary. system.
psychosom. Med. 1968, v.30, p.631-653. Walker C.D. Sapolsky R.M, Meaney M.J. et.al. -Increased
pituitary sensitivity to glucocorticoid feed back during the stress nonresponsiwe period in the neonatal tat//
Endocrinology, v.1996, Ne4, p.1816-1821.
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0 3obgbol Bm@3amgdedo. 3m@IMbdL, MHmImadas od@onMem geMm39dm©bab
LEMYLOL Agomabsznedn — d83G MM Ybms, LEMLMa b asdmnDdnsbgdmaw
Rbodogn® 53og@™MM9dLbs3 8noRbgzs (28)2

LE®MILOL EPAML BoMBmMJdboem sGBL3g(30GN NG 3(393-d9d3Mgdemdom FMgs-
J3098L Lgmogd a969Memobgdymn sE3@d(309M0 LobEEM™M3n Mbmws, HMImals
39630006985 3m0bgds: 1) 2563530l (dgmogol), 2) HgbabBgb@mdol ©s 3)
353mx30830L (306ma30L) Bgsd(309d00. Mmommgmmo Fomgsbo babosmwgds JGHm-
bemmanom, domgodonEo, gobommmaon@o ©s ImEgmemaon@o dobsbosmg-
dmagdoo (17)2. 538530960 LobMMIol Rstmgzsl Bab wdmgal 3ofggmaon dm-
30b gobgomamgds, Mmdmob mmbss sgomo o3l mMasbobdob Hgbab@gb@mdals
3339000 ©5J3900935b, Gobog Imbrogal ,aobasdab” (Jgmomgol) LEswos; ogo
bobosowgds dnbogobn MEasbmgdol sbnsbgdom (3og. 3mdal Bymememo, 69363m-
Bgemo 86gdol aohgbs Gom0bgdd xo 335emdn, Lobbemals dgdsagbemmdals (33em-
0mgdqdn, 00M339mbgs K06 33m0L dmzmemmdal bHs), gb Imzmgbgda Bgbe-
dmgdgmos obgon Loe@dal oymb, Gm3, LomEbemobsmgol Lobogsmm gabogl,
dogMed o) mMasbnd3ds admos gb ,bogsmo,” 35d0b gobgomemmgds LG MgLy-
mo ©954300b gmeg LEdwns, MMIgmbsai Lamogd ,OHgDabEIEE™BLT bGswns
mbms. 83 LBd©osdn 0Bygds Losad@som 8994s60bIgdol dmdormodszns, bogds
Bobs LBowosdn gobgomsMmgdamo (330 gdgdol Bodmmds. o3 LEomnobomgal wo-
dabobosmgdgmos Mgl gb@mdal 3mds@gds LEBMgbmENL dodsmo, dogfsd oy
LEMLPENL 8mddggds o6 dgbyws, nbygds LGMgbmmo Mgsd300L ,a5dmen@z0L*
(35Bma30l) LEs©ns s sgnmo 593l MAZ60BBaL bosed@ozom MgdgMzgdals
8dmbBMzal, L3g(30B03NM0 S 3MBL3g30503mM0 MgboLEY6EMdL Lsdzgnmgdsl,
mEgobmgdal ©gag6gMa300L s s@MmmMaasl. 83 bBswasl dgmmsw dm 3l mbmeg-
396 s dgbadmadgmos mMasbobIob omm3dzsz 3o dmyggb. bgdmor smbgmoem
30639 ©d dgmeg LEonsL Lgmog ss3GNE (33omgdgdsm 3n0Rbyzms s o3
LEONgdolL gMmMImOmMdsL ,gnbEMgLe" Ybmws, bmemm LB byma Mgadzoab
333mx530830L LEdNsdo 30dwnbsfg BmM3zmgbgdn gssgMMNsbs BgMdnboo ,ab-
&Mgbo“, BmBgmbsy gobobomogms MmamM(y dsmmemansl. dsdsbowsdy, aqbgm-
smndgdmo s@a3@d(3099M0 LobmmAob Lsdozg LEswos asbbabmgmagh mmas-
60D3ob oMo BoMmEG™ dommmany™ 3amdatgmdsl, sMsdge (33ememo 3Mm3gLgdal
LogMomm dmasw daablb.

LEMGLOL Logocmbom dMsgsmn 333mgzeMn sNbGIMaLLs ©s Mgobamgal
080 33mog dg&memn@os. bdom dgdmbggzeda @gcdnbo ,LEMLE® bLagmzgmomsmm
353m0yggbgds, MmamM(z dommmanm@sm Mamymnmo, babogsmm, stsbsbymgg-
mo damdatgmdol godmadbso@agmo, Mo (36o©0d dmombmgl dob 33mMmbormdsl,
35d0b MmEgba LEMgLOL MB6ndzbgmmzebabn GMb(300s MMaBaD3al o335
bgdemogMo gs3emnDnsbgdemgdol 3mddgmgdabash, suomgdgmos yn@somgdolb go-
dobgomgds LEMLOL EMML, gsdmzmgbor 03 BMbI(3090Dg, EMIgmai gobsd-
06md93L MmEasb0D3ol daMmemdol mbal 8635l KebIMmgmmdabmgal babag-
som bLGMgbmagbyMo Rod@mmgdabado (12)% LGMgbol Gmemo 88 30(398mmos

22 Cenve I'. — Cmpecc 6e3 ducmpecca, Mocksa. I[lpozpecc. 1979. ¢.124.
23 Selye H. — Stress withaut distress. — N.Y., Holder and stoughton, 1974. P.178-192
24 b56365d300m0 3. — 0bgm&dszomemo b§Emgbo. b dsmamggarmb dgc36. gFmgb. sjow. 3odmd3gdmmmds.

10



360350 55350 9d0b s Zsmmmmaonmo 3Mm39Lbgdals 3obgomsmgdabsb. bBMmgbo
byl mbymdl Bymemmzgsebo s 3039MEMbmo 0350093980 boM3mMImbal ob
3030bsMgmdol gomemgbgdsol, saMgmzg smgMmbzmgmmdL, ammob bLEGmEnm-
ob o 536300 oMmzqgzeL (29,30,31)%.

d9bi0gms gomom beg LEMgLL asbobomogl, Mmam&z dommmaonmso
59800, da3GMo  bobosmol 0bGgamemnEm  Mgsdiosl, Gmdgmo DMeal
m@a560b30b JpaMomdal Lbgssbbgs 3smmagbnmn god@mmagdal dodstio (32,
33)%, dobgoe bobsbsdgzommol dabgogom, xbodmagbyma LEMgbob 3msbognzso-
ab domemgon®o 360d369mmdol gomgamabbobgdom, dommmaonmsem ©s@gdoomn
gbodmagbato bLEGgLbo sMol bm@mIMLEMgLo, HLodm-dommmann®o dwgmdstgm-
ds, MmM3gmoz gsdmabs@gds xbodognMo gubdsngdal 3mwdng sdsdmmmdado.
0go bgmb 1bymdl sse3@s(300L (3b6mM3MYdL 30MMdgdmsb, Mams MdENbggmymb
IMd0zom (335mgds gomgdmdo mEMasbnddal gLodoznGo gMbiz0gdol m3@o-
domn@o doamdomgmds (12)7.

LE®MgLL g8dm3B3q30 0dgbo BMSgoIRIMMbNS, gofmgdmb demngMo (33eorgds
»g30m MmEa560D3dg s Job Gbogozody dgodmgds LGMgbob as3m3bggs Jobgbow
Ronmngammb. Dg3mJdgogdgdl, Mmdmagdas 0639396 LEMLL LEEGLMEYAL ©bmwg-
396. LBEGLOL 3msbognzsnal dgddbal EMHML gsd8mnygbgds s gm0, M35
dmgmgbol Hodmgb03g Godommo 8sB396939mn (60dsb-030L93s), Momsi Got-
0M30g8s 3mdbognzsznol Rs@Bm.

bbob5330mol  Bobgogom, LEMLEL gs8m3bzgs Fodgdms  Fmoboggozs(so-
odo gobobbgeggdgb ™ doMomo gmEmdsb: gobo gy (oﬁocgbndmaa&gﬁo) 5
Bbogdmmmaeno (5bogdmagbn®o) LGMgbmEMgda. Badogno LGgLMmEMgda (Foms-
™m0 5 3dsmn §q339Me@ My, &Mo3ds, dmogmn RBodogME IGZMMZS ©d
bbgs) mInsmme Dgdmddgogdsl sbegbgb MMasbabddy, MEasbmgddg, Jumgamgd-
bg. BLogmagbama LEEIGLMEGd0, 0dob gomgamabbobgdom oy s dmzgmagboms
®a9BL 80g39m36985 LBMLEL g58m3b3zg30 dndgbo, dgodmgds aymb: gobo gy
(30B03960b J393 30Bmdomow ngmmabbdgds yggms sGrogbodozm®o Boh8mdmdals
608Q0%006363Qm) s gbodognmo. gbodognco god@mmgdoo  asdmbggmmos
BLogmagbnmo LEMLo. 8ol gs8m3b3zg3 a3 BNsbgdmgdlL g3momzbal: Logygs
(,,33660@‘360 b@)ﬁ)gbo“), 30mHmdoommgnmgdbamo Logbsmadsazos (306(*)600)63(3-
mq4bmEo bLGM9L), BLoJmbaMzmma LEMgbo (bogoom Bomstmommo J(3930), 06-
aymmomo Bbogmagbyo bngGoqmcboGno(naBFm@oGao), xbogmagbamo Logbsem-

o3ocnobo, 2008. 33.21-26.

25 Van Der Does FE, De Neeling JN, Snoek FJ, Kostense PJ, Grootenhuis PA, Bouter LM, Heine RJ: —
Symptoms and Well — being in relation to glycemic control in type II diabetes, Diabetes Care, 1996, 19, P.
204-210. Kemmer FW, Bisping R, Steingruber HJ, Baar H, Hardtmann F., Schlayhecke R., Berger M:
— Psychologycal stress and metabolic control in patients with type I diabetes mellitus. N. Engl J.Med., 1986,
314, P. 1078-1084. I'opuzonmos I1./1., Benoycosa O.H., @®edomosa M.H. — Cmpecc u cucmema kposu,
Mockea. Meouyuna. 1983. ¢.20.

26 Banvoman A.B., Koznoeckaa M.M. Medgedes O.C. — Dapmaronocuueckas pe2yiayus IMOYUOHATLHO20
cmpecca. M. Meouyuna. 1979, ¢.359. 2Kykoe /H.A. — Ilcuxoeenemuxa cmpecca. Ilosedenueckue u
IHOOKPUHHBIE KOPPENSIMbl 2EHEMUYECKUX OemepMUHanmos npu Hekonmpoaupyemou cumyayuu. Cank-
Ilemepoype. 1997. ¢.150..

27 b56363d30em0 3. — 0bggm&dszomemo b§Egbo. b dsmamggarmb dgc36. gFmgb. sjow. godmd3gdmmmds.
o3ocmobo, 2008. 3. 25.
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0Ds(300 (0530L &3060L J39(36mdogMo Imddgogds — GLbodmagbmmo bGGqLn) (12)%.
s dobgbomss o6 brs 0ymb asd3mbBzgmmo LEMgLo, dabo gsdmgmabgds gfma-
356m35605, 0 o6 Bogmzmoo 08 LabEqdolb (Hg393@mM0, MEasbm) 30M39ms©
95d300L, EMIgmas goboob bEMgbmagba®o Gog@mmal bgdmddgmgdsl 564
o 60l LEEgLOL g53m3bgzg30 Bog@™MMb MMs60bIda dgbabgmamao ,0d3o60“?
(34) 2. BLogmagbama bLGMgbo, megobo dommmanymo 360d3bgmmdom sl Mo
a5bLbgog9dnmo dpagmdamgmdals 353mdba@3gmn: ogdomol s WomymBomab.
3o aobbbgoggdmmon 394o60bIgdo, mog30L E30b0L gobLbgeggdmmo Lobdgdgdo go-
ba30mmdgdlb s gb dpamdsmgmdgdo gMmdsbgmb oM Rogbs(33mgds, g.0. o6 oMb
960356900 9@s3980 (12)®. gbogdmagbymo LEMgbo °m8m(3960938s RLadnznMo
RB3J&™MEM9d0lb DgdmJdggdol dgmgasw, 3nMggmabsm 0dedgds ob 394060d3gdo,
m3madoz BLogogN® RB64(3090L gobsdoMmmdgdab ©s 3oMzggmos dmddgwg-
396 ma30b B30b0l sl gbg(3096%g, Mmamoasss dgbbogfgds, dm@ngs-
(305, 99mM (309, asmsby39@nmgdol domgdol 3Hm3gbo s Lbgs. 83 dgdmbggzedo
LEMYLMEgEYE0 Bogd@MENL dgbabgmamo ,F0dzs60" B 30605, BMIgmbss dgmdmos
LEMLYE JpamBsmgmdada RsomEomlb Lbzsabbzs LabEgdgdo: gbomMabyma,
039byMo, amm-bobbrmdostmmgms, bagdmol dmdbgmgdgmon, godmadymao s bbgs.
360d369emmzs60s abo, Bm3 sMoxbogdmagbno (q;o‘bod‘gﬁm) BdJMMgdon ao-
dmbggmem LEEGLL ymzgmmzalb ™Mb Lrgab YsMymauoma gdmzngda. a3z,
dgmeoe  gMmzgds LEGMaLoL GLogmagbyMo HogGMMN, Mo moegobosgswe
LEMYLOL 3MBmM(396980L oMggmaw ,F0d3oMdg" Imd390gdL, MLy ™Mb Imbogsl
LE®LobmZEL Fsbsbnsmgdgma LyGomal asbgomsmgds (2, 34P'. gbogdmaqby-
&0 bLEMYLOL FobmdMng BsMBMAMBIL g56s306MdgdL 0bxzmMMmIs300L ImDEM3e390,
0913(35 0bxMEMBs(300L BMI©S, dobo IMDM3e390s Mogobmsegs oM abggszl LEMLL:
5530560 m30L ©306L, MsdFMegz0 0bxrmMMIS(300L 8 Jds s aswsdndsggds dgu-
dmos, 0bxgm®ds300L Bmbrgaggds asbbabmgmmmon ommdgddo dgndmads gswan-
J3ab dmogd LEMILMaIbYH Gog@mMsw s gbadmms asdmabzomlb ssgg-
ds, Mm3gmbsz babsbsdgomds 1975 Bgmb “0bgm@dszommo ByMzgmdo” vbmes,
bnenm d93am3do m@mm goMom asaqgdoo “0bgm®8ssommn @sesgagds” (12,
35)%2, 0bgm@dssonmo bMgbo, GBLogmagbamo LEMLAL BmEss, ab gsdmabgggs
03 Lsdn Gog@mMab BgdmJdgmgdoom, MMImgdoz nbgmEMBs3omo ©ds35qd0b
58m(396985L  a565306md93L. b Bod@MMgdas: 1) 0bgm@8s300b Mommgbmds,
2) 0bggmBs(300L a008d53980bs s avoby39@0mgdals Bomgdabmgols bognGHm

28 b56363d30em0 3. — 0bgym&dszomemo b§Emgbo. bodsmamggarml dgc;36. gFmmgb. sjow. 3odmd3gdmmmds.
o3ocrobo, 2008. 33.21-24

29 Xananaweunu M. M. - B. k. [lamousuonoecusn. Mocksa. H30-60 Tomckozo ynueepcumema, 2001.
c.683-704.

30 b56563830em0 3. — 063353009000 bGMgbo. beJosGoggenml dg¢;6. 9Fmzgb. s3ow. godm3gdmmmds.
o3ocnobo, 2008. 33.19

31 Xananaweunu M. M. — Illcuxocennwiti cmpecc: meopusi, dKCnepumenm, npaxmuxa. Becmmuux,
Poccuiickoit Akademuu Meouyunckux Hayk. Mockea. Meouyuna. 1998. ¢.13-16. Xananaweunu M. M. - B.
kH. Illamogpusuonozus. Mocksa. H30-60 Tomckozo ynusepcumema, 2001. ¢.683-704.

32 65656383000 3. — 0bgzm@ds 3000 bGMgbo. bogs@moggmmb 8g¢3b. 9mmzb. 8 go. 3odm3gdemmds.
o3ocobo, 2008. 33.47-64. Xananaweunu M. M. Pebepe I'. - Camopecynsayus noseoenus: 6 ycioesnx
603DACMAIOWIUX HAZPY3OK HA AHATUMUKO-CUHIMEMUYECKYIO 0esimenbHOCmy mosea y koutek. Kypu. B.H J].

1981.m.31.Ned. c. 123-129.
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®0 BmM3s, 0bgmMdsogmo bEMgbom asdmbzgmmo 39Js6nD3gdal (33em0madg-
30, m330b 306d0 303nbsmg 3Mm(39LgdL (33m0b B3060lL MEMasBabs300L Yy3g-
o @MbYdY — @BYgdgmo Mg P @Mboo @S @ILGYMYdYmo J39300
(12, bobsb5330emals Bobgw3z00, dommmannma 8603369mmmdals asmzgamalbbabgdam
gbodoganmo LEMgLAL FMMIgdo MG KNP 0yMBS: doMEMAONMOQ ©SO-
000 5 MMM NJOMYMBOMN. ,d0MEIMIONMIQ 3d0m0 BLogn 3HHo
LEMYLO - SE3BIGFYH AL M385dML, 8Fomgdl s sdmngMgdl das-
mdsb bBMgbmagbnmo a388m0bsbgdmadobowdn s MbBONME39mymRaL BLadozal
3m3gmbEodL. ,dommmaonme Momymynmn gbodoznmo bGMmgbo“ mEMas6nd3dn
06393L ©gDo@a3@o30m dmzmgbgdl, ©360698L dpaMommdsl LEMbmagbymn
35300b00bgdmgdabowdon, 5Mm393L RBLodozol 3mBgmbEOIBL ©s bgmb Nbymdl
3sommmanol 3obz0mafgdsb. dommmaom@o 860d369mmdal gomazsmnbbobgdom
LEMGLOL 53g356M0 oymMePs Fobomgdo s Ld3domE gogM(39mgdmmons, dom debob-
0dbszem 30ygbgd0 bbgs gMmdnbgdlb: domemmaonmse ©o@gdomn — ,a0bomemman-
a0 LEEYLE® s domEMaNMME WYIMYMBomO — ,3snmemaonco bEMgbo® (1234

&3030emb, Bmam&s BLodognMo Bod@mMol asdmabosbydgmb, Imdomadssn-
5d0 3m3ygogl ad(3930 894060B3gd0, HMImadaz 9MMISbgNMb ©s393d0Mgdmmns
3m33gLs@mEema — 3g3agmmdocmn Mgsdz0gdom, gb 9336sb36gmo 30 JodsGroy-
m0s, oM dbmmmE gomnd0sbgdol Bysmmb semdmbogbgmgmsm sMsdgm 3mdgm-
LEGBAL FgbobomBmbgdmows(3 (36)*. 58 PMML brgds Lo83sGnzm — sEMgbsmmGa
LobG 3ol Bmdamadszns, Mo csegob dbMog MBONYB39mYmMRBL sdsdmmmdobo-
30b 3BoYMR6aL Bamdatgmdal s sbggg sGsbabnmggmn bgdmddawadal gows-
mobgal (37)%. mo@gme@nmadn sGbgdmdL (36mdgdn, odsdmmon ambgdtngn dmd-
d99d000  a0dmbggnm  LEMILL  SbOLNSMGAL ezl G3060L g Jda  Lobbemals
30dmd3930L godmogagds, 396dmm 03 1dbgddn, MMImgdoz Morme GLodozn®
R69300L 3565306:m393L (37)*7. 8MsgommMasbmzgsbo 83306398930 s 94b3gMo-
396@ 930 ImbIMAL, GLodoznEo Gog@mEnl Lbadsbybme, mMasboddob Mgsdonl
(396@Esn® bgMgne Lob@gdsdo dMsegamo byMammo Jugmo asboal og@ongzs-
300L (38)%, Bocmasb 3603369mmzob0s godmzymm Mo dofamsn LobBgds, MmB-

33 65656383000 3. — 0bgm@ds (30000 bGMgbo. bogs@moggmmb 8g¢3b. 9mmzb. 8 3o. godm3gdemmds.
o3ocnobo, 2008. 3347.

34 65656383000 3. — 0bgm@ds (3000 bGMgbo. bogsmoggmmb dg¢3b. 9mmzb. 8 3o. godm39dmmds.
o3ocmnbo, 2008. 353.24-25

35 Banvoman A.B. — Hepsnas cucmema u 2omeocmas// 6 kn. Lomeocmas// [100 peo. I1J]. lopusonmosa, 2-e
u30. — Mocksa. Meouyuna. 1981. ¢.29-73.

36 Kenon B. — Qusuonozus smoyuii — J1.Ipuboii. 1927. c.145.

37 ®@edopos B. M. — Cempecc u cucmema kposooopawenusio 1991. M. C.178-190.

38 Vermentten E., Bremner J.D. — Circuits and system in stress: 1.Preclinical studies. Depress Anxiety.
2002, v.15, p.126-147.
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mgdo(z Rotormmos bGFMgbmmo 3obybal Mgamda(30530, gMm-gfm domasbl Bom-
moaqgbl nddmm — 3ndmmsmadm —  303mxz0bym-sMqbg@ammo (LHPA)
LobGgds, EMImal s9@nzgs(300b Jgogase moM3dgmbgms KoM 330l JgMdmazseb
dM00b  Lobbedo  gsd8maymgs a4 3M3MEME03MoEgdo:  3MMBodmmo 86 3mE-
&03mbBgMmba. dgmEg oMol Lod3sGm — sMgbymammo Lab@gds (SA), HmBrmab
>J&03o300 0b393L 3939G>G B0 byBgaere babggdel seMgbyhagere dmgimg-
300056 (69390 ©33MEmMgdqdn©sb) s 006 33gmbgos KoM 33molb &306m306
30006 (396@G0mn® LGMNJGMEsdo s Lobbemdo 398 gbmEsdobgdols godmym-
30l (39,40,41) . (3968 Mo bgMgmmo LobBgdab MIsmmgbo asbymeoemgdgdo,
m3madoz 9M9amomadgb 39@&gbmmsadnbgdol LgiMgasl, dwgdemgmdl msgal
&30b0b Jgeddo, Bgmabyg 356 3mgdal, dodmmamadnbob, M@0 nmmnco gmmdsgonl
369830, 39Ggbmadnbgdol 3s@qds ombadbogh Mgsdzommo LoboM™ol sedm-
(396980L boBYablL (9)%, beaenem sMgbsmnbo nmgmgds s3060mm dmEMImbow, ngo
3008039 bodoznsdo 06sGRMbgEL (306 3nmozon®m dmIgmbBodlb (42)*. sembob-
0dbsgz0ns, MHmM3 bmMsMgbamnbo RsGommos mazal &30b0L mz0mMgammszonl
36m(39b93d0, BMImob bogymdzgmdyz brmM(z0gmEgds bbgssbbgs 3mabo@oymn
5 J(3930000 0957430900, 0330L 3060l beFoMgbgMammo bob@gds sq@o0gofco-
9% LEMLMggbYEn 333N Bosbgdmadal bgdmddgadabsb, ymMomadal 3mb-
(396&M0Mgd0bolb,  dmdMomdoomn  of@omEmmdol  asdmogMgdobsl, gMon  dmd-
39009300056 3gmEg dmd89gdodg gowabgmabol s Lbgs (41,42, 43)2. s396Lomemo
LGNl 5MLgdMboL gdmbggzedo  asdmogMgdamo dmdEMomdocmn 4@ ngmds
Jqbodmagdgemos dgmmzgol s @edsdmmmdol gsdmdbs@zgmo aymb, Gmdgmocy
dqndmagds dmobLbsl 96@0g3MgLebGgdom s magal dbGog dged30Mmb bm-
5006 965m0bals bLobogbo s bgMgzns (44)%. bLBHLma g6 Dg8mJdgmgdsdy sbgsy
69530698L LgOMEMbabgMammn Lob®gds, MmIgmoz 360d36gmmzgba gfMmggds
®330b §3060b 3Mogoem bd(300dn, dsm dmEol gdmzonl 3Gm(39L9d30. (36mdo-
m0s, O™MI 300m333980L M330L B3060L bbgssbbgs LEGIENMsdo LyMmEmbob-
ab 3mb(396@®a(300L 3mM3sGgds 50b0dbgds BLodmbmzosmnEn 3mbgemod@obs ©s
3930000 ©95J(30980L  godmngFgdol mmL (45, 46)*. LEMabmagbymn bgdmg-
39000950L5L  3obboMMmgdam ynmemadsl 0dLobnMmgdlL, ©mRSdabgGammn 3o-
Lbos, ©MBsdabn  BsMdmsewaqbl  bgoMmdgmns@m@l, Mmdgmoi  ReMormmos

39 Kynazun B.K. — [lamonozuueckas (usuono2us mpasmol u woxa —JI., Meouyuna. 1978. ¢.296. Meepcon
@.3. - Aoanmayusi, cmpecc u npogunaxkmuxa — Mocksea. Hayxa. 1981.¢.278. llanun JI.E. — Buoxumuueckue
Mmexanuzmvl cmpecca, Hosocubupcek. M30. Hayka. 1983. ¢.232.

40 Cenve I'. — Cmpecc 6e3 oucmpecca — Mockea. [Ipoepecc. 1982. ¢.127.

41 Schulz C., Lehnert H. — Activation of noradrenergin neurons in the locus coeruleus by corticotropin —
releasing factor, a microdialysis study. Neuroendocrinology, 1996, v.63, p.454-458.

42 IManun JI.E. — Buoxumuueckue mexanuszmol cmpecca, Hosocubupck. H30. Hayka. 1983.¢.232. Schulz C.,
Lehnert H. — Activation of noradrenergin neurons in the locus coeruleus by corticotropin — releasing factor,
a microdialysis study. Neuroendocrinology, 1996, v.63, p454-458. Posen B.B. Ocrogul snd0Kpunono2uu,
Mocxkeéa. Boicuas wikona, 1980. c¢.133.

43 I'puzopan I'.A. — Cmpecc u Hapko3asucumocns (Uccando8anius na Jcueomuvix) Xypnan evicut. Hepei.
oesim. 2004 m. 54 Ne3. c. 304-319.

44 Gardner C. R. — Recent developments in 5-HT-related pharmacology of animal models of anxiety.
Pharmacol. Biochem. Behav. 1986. v.24#5. p.1474. Jakobs B. L. Azmitia E.C. — Structural and function of
the bain sepotinin system. Physiol. Rev. 1992.v.72.p. 165-229.
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50098000 53m(30930L BHgomabs30s8n (47)%. EMRsd0bol oo Mommgbmdom as-

dmma30bnmgds 063936 MEBabgMammn Mg(393@mEMgdal gssd@n390sL, Mo
Ls8mM3b930L  Jgamdbgdsl o6 Bndal Mgodz00b  IMEAMBZIL  3obs30MMESL.
o@9d0m0 gdmzonl Mgammaznol dgdsboddolb sMmzgze ©s3e3d0Mgdamoas @m-
3353000l 65 3mgdmdsbmab o  EMEsdabgManmo  Mg(393@™MMgdal 9B 03mdals
0©573900g5bmsb. 30630 ©MRsdabals dg3(339mmds dgadmgds sbabsgoglb mmgs-
60b3ol Bgod300L LBEGLmagbn® bgdmJdgmgdady. Mmog0l G3060lL ByacmJodon®
LobE3gdL Mol sMLgdmMAL ©absdonmn MMmMogMmEedmMngdmmads, Mmdgm-
o haogmos bgofmbamn Magmmsonl bLoagHom bobgdsda. LbmMgw, bgdmo
sbadbmo LobEgds dANbzgmymaL bEGMgbmagbn® Lodmsznsdo MEMa36nB3nb
3338)5(3050 s boMIMag g6l MmMasbnDdal BagMmamdsl, (396@Msmyma domgas-
mofgdgeo 394060bolb gem-gMo 3603369mmmzeb 3m33mMbab@L. dMagamto zbm-
3560 33ma3980L Loggdzgmdy ©mbodbmo 894s60b3o dgadmads gsbzobormo
FMamMO(3 MZONMJANES(309M0, MmBgemog Fodsmmgyemos mMasbobdob JpgaMomm-
dob  sbadommgdmom  o3gMbommo  DgdmJdgogdol  Ladsbybme. sl asshbos
3561339990 bLGONJGNONE — BB 30MbsMYH0 MEZIBN D305, BMIgema(3 geob-
©985 b3930530396M0 RLoJmbmMIsGMGn Hgsd30930L Lobnor (35, 48, 49)*. e 3M3m-
GMOmo mzomascmndnsbydol dgommeonm dommaddn 3oMas oMol bahzgbgda mes-
3oL ©30bob ol LobEgds, GMIgmos 30MzggmoEsE  MgoanMgdl  3smmagbym
b93md8909dsDg. 5bndbym LobGgdsl Jdbol moddama G30bal LEEYJGNMgdo.
28 LEEMIGMPYd0sb 30Mzgmopse Mgo30Mg8L asddgomgamy danwy (Septum),
3980093 303mmamadbol ma@gMsmyma baboemo, 6ydnbgdma bbgmemol dgooseme-
0 6sbomado ©d dmemb RogMmggds @mmbsmamo 303m 30330. gb Lob@gds domes-
mo  damdbmdgmmdbom  gsdmamhgzs, ol 85480398L LmBs@n@, 3mEBMbarnE,
03966 s Lbgs gubjion® LobEY3gdlL, MM3gmms og@ogsns bl mmgs-
60b3ob doaFomdal 3smma bymma bgdmddgmgdnbewdo. dMsegsmmazbmasb 33emg-
390y oyMEbmdom gsdmmddnmos dmbabmgds, Hm3 mogob G30bal Dgdmo om-
bodbymo  ggbgzombaram@a  Lob@gds gfMmggds ™Mbl ©s3(339cmmbom,
3m33gbs@mMyemo 394060b37d0lb Mgamms(30580 ©d BaMBmomaqbl gommadsgamm
9893L  dommmaonMe  sgdomo  LEMgbymn  Mgodnol  vgBogoasbs s
3m@30mgdsda (50,51,) Y. ,06e3mM8s(30mm0 GFMoswolb” god@mmoms (52)%® semsbgem-

45 Blum K. Braverman E. — Holder J. Lubar J. et al. — Reward deficiency syndrome: a biogenetic model for
the diagnosis end treatment of impulsive, addictive and compulsive behaviors. Jour. Psychoactive Drugs.
2000.v.32.p.1-112.

46 Xananaweunu M. M. Pebepe I'. — Camopezynayus nogeoeHus 8 yCiosax 603pacmarouux Hazpy30K Ha
AHANUMUKO-CUHMEMUYECKYI0 0esmeibHocmy Mos2a y kowek. Kypn. B.HJ. 1981. m. 31. Ne4. c. 123- 129.
Yukaoze A. — Ocobennocmu camopezyrayuu BH/ 6 ycnosusx namonoeuu nogedenus y kouiek. Aemopedh.
kano. ouccepm. T6.1990. ¢.79. Cydakoe K.B — Dmoyuonaivuulii cmpecc u ncuxocomMamuyeckast namono2usl.
JKypn. bronn. <<Dkcenep. buon. u med.>> PAMH. M. 1998.

47 Xananaweunu M. M. — I[lcuxocennwiti cmpecc: meopusi, dKChnepumenm, npakmuka. Becmuux,
Poccuiickoit Akademuu Meouyunckux Hayx. Mockea. Meouyuna. 1998. c.13-16. sbsgnodg em. b56363d30cm0
3. — Ji393000 s gdmzomman 8shg9698cmgdob (353emaemgdgdo Bbogmagbamo bgmgbob gobgomomgdals
bbgoslbbze 9B93bg. bmbadnb mboggmbodg@ol dmmdgdn XII. bodnbgdolbdgdysacrm bgtns. 2014 6.
a3 100-106;

48 Xananaweunu M.M. — Teopemuueckue npeonocwliku 803HUKHASCHUA U PA3GUMUsL NPOOIeMbL CIpeccd.
Peo. “XKypn. Bronn. sxen. ouon. u med.” PAMH, M.: 1988. c.
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bagMgeo dgmbydom gobgomamgdamo gbogmagbn®o LEMgbob dofmmdgddn smbg-
oo s dgbbagmomos megol G30bal mgnmdsmgammomagdgma 394560b3gdal
dmg89009d0L bbgowabbgaggsmo Jigz0mo godmgmabgdabo (53)%. a3 960m0s, MHm3
(3bm3gmgdo (doQQ);JE')o, 398900, 3060)063360) 3500b5391353909mn nbgmmdsz0nl
00 Imgemmdol s @MHmal JHmbogmmo gxoadel 30Hmdgddo, msegolb G30b-
ab sbomndyM — Lobmgdymo dmddggdal gsmorymgdobsl, mgommb sMgammo-
69096 bogMom LogdL3gMndgb@m EMMUL. dog. LobgmadmMal ab@gfMgsmals 33390-
o dgdiomgdal dgdmbgggado (3bmggmagdn BME0sh bo339dMMMsb dobgmal o6
LabGoMB™ sanmdy dMNBYdal EMML 86 Mmzgammb ni30mgdgb MMl gya-
308b. dbgmo  Jzg3e 360d3bgemmzbo  BMENEs  dsmmmmaoyMn  Mgad30gdal
BmMdomgdal MM, bmmm Mog dgdmbzggzedn 3o bEmsw s 3g3gomms Ndamemagbo
BgFzmmo 8mddgwgdol 3sommmmaonnl gobgznmamgdsl (34, o9y ™ol gsd@mmo
335360 M0l asbbadmgmmmn 94L39M0dgbEdGMMal dngM, d53nb (3bmzggmagdn
61993069096 365 yzgms 3oMmdom gs8mndnsbgdgmdy, sMsedge dbmemme beboem-
By. Jomamns, 53 @MHML dom bs3zgdolb MomEgbmds Md(30MEgdsm, dogMsd 53539
MmMb (3000905 ©GZMMZS(3 Mez0L G300y (8(306@360 3bamoby® — Lobog-
b dmgdggdady Qo@gnmgo). »068MAIS(307m0 §M0dalb" Bog@mMms sMsbgm-
bagmMgeo dgMmbydnl dgmgasw (3bmggmgddn 0bMgds Logbsmmdmmal Mgadzngdal
03630, 367 abobo AzgnmadMngdy bdoMow aswssanmEgdnsb Lngbsmmdmmals
0b@gMgomgdal Mmb; sbgmo J3930L dggasm Logmdbmdmeam ndMwgds 0d 3g-
omeol bobamdmogmds, Mmdgmoa bab qLbbMgdL Zsmmmmgontna Mgsgiogdal
Rodmyamndgdsl, Dmaxgd 3o dsommmanss o6 gomsmwagds (12)*!, 3mnbogds ©sb-
39600 abRMoggdal Bgodngdo (5582 3acmdoma bogbsemgdal bEmJsb@m&a do-
bmgdal dgdmbzgggedo (3bmggmagdo (33006 J3930L LEMSG 0L, 3gfdme oGm-
doon  g53mnbnsbgdgmdy  M7030Mg0g6 gl gsdm@mggdoo o6 ImdMomdgb
dbmmme ghomo b 33909M0b3gb. Medwgbowasy bLGgMgmEN3Pm J393L oM sbsbos-
090l abgmo gdmonmo Esdedygmmds, Mmammz bogbsmgdol dgdmbggznma &qb-
&0fgdabolb gomsmmgds, ngn gsbobomgds, Gmamz gdmsonmo ©sdedygmmdals
35639b@30L Ladysmads. gdmonmo adsdmmmdolb dgbybgosb sgMgmgg bwos
90LabMgdmeaglb abgmo Jdggds, Mmammnzes oRYbYMo dmdMomdomo dg@o-
MGHm30b godmog@gds s bogbsmmBmMol gomobamagdol gobdatgds (56)%2. (3bmg-
gmos sbgon J3g3s 360d36gmmzgbae bHmal dsommemmanals gm@mTogdol @ gb-
e 3gMomel, bmmm Mog dgdobggzsdn 3o Lo smyzgmb Ydamemagbo

49 I'ocooepuoze M. M. — Ocobenrnocmu nosedenust Kpblc 8 YCI08UsX 603pAcmaioweli Hazpy3Ku Ha GYHKYUIO
kpamkocpounoti namamu. Mamepuanst 10-20 cumnosuyma <<sKkcnepumenmanvHvle U KIUHUYECKUE
Hegposvl.>>. bepnun. 1988. ¢. 57.

50 Xananaweunu M. Yxyouanuweunu JI, Meweparkoe B. — [Ipeonespomuueckue cocmoanus u
UHGDOPMAYUOHHBIE HEBPO3bL NPU CILONCHOU UHMEZPAMUSHOU desimenbrocmu mosed, uz0. AH, TCCP, 1976,
Nel, c.1-8.

51 656563830em0 3. — 06gzm@ds (3000 bGMgbo. bogs@moggmmb 8g¢3b. 9mmzb. 8 3o. godm39dmmds.
odocenobo, 2008.

52 To2o6epuoze M. — M. Ocobennocmu popmuposanusi KpamkoCpouHOU NAMSIMU Yy Kpblc NPU PA3HBIX
unmepsanax epemenu mexcoy npooamu. Kypm. Beicur.neps. dessm. 1989. m.39 Ne3. c. 393-498.

53 mmmmdgmndg 8. — i3930b ogommggmemszool megobydamgdebo s bgommanbommmgonmo
8906008980 @dscomgbo bgmgmeno dmiddgmgdol 0b- gm@dszommo 3somenmgool bbgeobbges
bogggbnE g 9o 30605339890. bogeboows@m malbgm@ozns. mdacnabo, 1994.
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Bggmmo 8md89mgdal  3smmmmgonl  asbgomemgdol (12)* sembBgnmo 3930
356030 gds, Mmams domemaoMae sgdomo bGMLOL godmgmabgds s
4393000 Mg59(30980 dsbobogh magol B30bol mzgomMganmsioym dmddgwgdsl.
&30b0b ;mgomEgammsogmo dmddgwgdolb godmngmgds Mbos 0bygdmeoal wss-
35009600 Bobs LEonady, MmEgLa gb 897sbobIgdo 3oMasw G0l gsdmbs@memo,
3500 30bobsbabmmads godmogMgdsd dgndmads gs0s3byzg@0 Mmoo omsdsdml
&30b0b s LagMomm bBMgbmagbn® Bod@mMgdobadn MMasbndInl Mgdali@qb-
&m0l s8smmgdsda (34, 50)%. 58M0gom, LEMgLOMIdOL EMHML as8mgmgbama Lnd3-
&™M387d0 3smmMEmanol gomMdsggdsl 3o o6 @bymadl bgmb, oMsdgw, doMnjoo,
mEa560D30b  ©od(339mmdom 3gdsbnD3gdlL Bomdmemaqbl. dgbodedobow, magzal
&30b0l mgomEgammsomo dmddgegdal dgbbsgms 3603369mmgabas st dbm-
MME 553509006 3MMBamdgB030bmzgal, sMedgm 3060l Bnbzombomgdals m3-
&030Ds300bomzabss. Moz bdRYMRL, GLogmagbnco LE®LAL 3oMmdgddn
D300 gaMES3099M0 (39300 (396@GsmMo 394960bIgdol 33mmg30L @ memmm-
dab.

Bbogdmagbn®o god@mmMgdol dndator gobbs jmotgdom daMdbmdostgs mmnddy-
&0 83060l LEONYIENMYd0; 39Mdmm, 303m 35330, Bmdabgdma Lbgmma, 3GMgREMb-
Gdm@o JgMdo, Hm3mgda(z 0bxm@Is(300L gdmmmdgb Lbgowsbbgs bgbbmeymo
LobGg3gd0sb. BLodmagbyMo God@mMgdom asdmbggnmo ab@momnddmma M-
39b9d0b 30dnbstgmds 3603369mm3bs M0l M FnEgdMmn gsbbmmsogmg-
dam 939300 M9543090Dg. @0ddnE LGANJGNESdo MogdmyMarmo nbgmEmdszonl
3505393539385 06393L J(39300 B9593098L o Bg@dmMENG (33mmoemgdadl (57)%.
303m 35330 s 69930bgdcn Lbgmmo bm@mdsdo dgds 393989 asgmabsl sbgbl 3o-
3mmamadnbdy, bLGMabmagbno bgdmgdgwgdol d9dwga Sbndbmmn dgds3o39d9-
™m0 3933060 denm3ofgds, Moz 063930 303mmsmadnbol 3oM3396@ M0 Mmomem
dommngdo b3g(305303960 bgoMmBgns@mmol 3MmEE03MEM™M30b — Momoboby -3me -
dmbols (CRH) godmmasgobagmadsl (58,)%. s0bodbmmo 3me8mbo 8mJ89w09dL 3o-
3mmamadm — 303myody@ LobEdsdy s SMgaMmnmgdlb 303mPnDdowsb SMg-
bm3mMG03mGOHM3gmo  3mEImMbals (ACTH), 30bm3MgLbobobs s ™mgboGmz06al
LoBogBLs s LygMgoslL (23)%.

303mmomadnbo  mogobo hggmmm dmbymdormmdal Bysemmdom  bg@geemo
LobGgdosb Imsger LBEMsxrIM3dgm Lngbomgdl asMmababagh gbomMabyemo
LobGg3ob bgems Bndwnbafmg L3g(30BNING Mgod(3090s0, 530&m3  33bMbDMBng-
05 3odmmamadnbol gobbomas, GmamEz mMas60b30lb Logmsbemal «bEHb-

54 6565638300 3. — 06gm@ds (3000 bGMgbo. bogsmoggmmb 8g¢3b. 9mmzb. 8 3o. godm3gdemmds.
o3ocnobo, 2008. 33.21-26

55 Xananaweunu M. M. — Ilcuxocennviii cmpecc: meopus, SKCnepumenm, npaxmuxa. Becmmuux,
Poccuiickoit Akademuu Meouyunckux Hayk. Mockea. Meduyuna. 1998. ¢.13-16. Xananaweunu M. M. - B
kn. [lamogpusuonozus.. Mocksa. H30-60 Tomckozo ynusepcumema, 2001. ¢.683-704.

56 Wiener H. — Perturving the organism. The biology of stressful experience. Chicago: University of Chicago
Press, 1992.

57 Nemeroff C.B. — The corticotropin — releasing factor (CRF) hypothesis of depression: new findings and
new directions. Mol. Psychiatry: 1996, v.1, 336-342.

58 Bartanusz V, Jazova D. Bertizi L.T. Tiders F.J.H. Aubry J.M , Kiss J.Z. — stress — induuced increase
in rasopressin and corticotropin — releasing factor expression in hypophysiotropic paraventricular neurons.
Endocrinology. 1993, v.132, p.895-902.
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39m3ymen yzgme 3m3gmb@oba@o 3o6sdg@mal obdg@Rgma (6, 59, 3ndmmaom-
839bdn aodmddogmgds L3g30x80396M0 Yyzgms bgoMmdgns@mmn — Momobaby
Rd4@™MMgd0, MGmImagdoz Lobbrolb odmd3930L dmMEsmaMa LobGgdalb gogmom
b3gds 303me30bdn (60, 61)%. s3a35Mo, 303mxznbal 893390 3odmmsomadnbo
Bodommagl, sbGndmmamgdlh s mEanbagh dogm Mog 3mdmErmm-3m@Imban-
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I1.3.1. 30068 0Dmmal gobbsdmg@s ELISA (Enzyme Linked Immunosorbent Assay)
dgompom %0680 Humani-ob 60363600’)

353mygbgdyyemos ysgzsabmgabn, 3msabdg@ o, 0dbmaygmdgb@mmoa dgomm-
©0, Mmdmolb 3M0b(3030 ©adYsMgdmmons 56@039bbs ©s 30Mgzgmo ©s IgmMow
3b6@0bbgnmgdl dmEnl gggbmgsbo (,,baEanf”mb“ 8b603b0) 3m33mgdLbols Bomdmga-
baby.

3b6@0gmMB0dmmyMn  sb6Gabbgnmgdo  dnomgds  Mmoa3960L  3MMEG0bMEom
039960bs(3006 dggasm. Sbamnbabogol godmoaygbgds 3mobdg@gdn, Mmdgmms
0M3Nmgdo  sddsgdmmos L3gnsmmm@o obomabogsb, Mmdgmbyi 6@ 0bLbg-

g0 9RIENMeE dSELMmMdoMEgds. MmegEsdoMzggmse MIYmgdda dgdysgom
3oMggma@n 3b@n3mMEndmenmma sb&nbbgmmgdo, dgdoga 6@ 03960l d53(339emn
353mbsggmggo dobomms ©s dmemb dgmsn s6@0bbgmmagdo.

3ofggmaen  sb@abbgmmgdo  godbofMogds @MINmgdol  3gmgddg, dom
N9MNEds sbGnggbo (m&ngj@)nb dmﬁ)@ooomqm) s 3 3965b3b6gmals Lbgs Mg-
(393@MMgddy FogMmgds dgmMswo sb@abbgmmgdo, Mmdgmoz bgosdomymao
dgn303L @.3960mJbosbsL (%.3.00). 5d 96D0dol og@ngmds 3mEENdmmals FMo-
mEgbmdal  doMesdomM3Mmdmmzagmos.  b3gEosmymn  dyxgmom  3mobdg@nb
a5M93b30L dgdga o 3,3 = 5,5 — Gg@Mmedgmoarn 39bbnnbol s Bysmdanls
Bg06a0L bofggol m@mIMmaddn 8o gdabsl donmgds GgMswo bLbsGN. dobn
0b6@9bbomds dggbedsdgds 3mMEBobmmal dg3(33gmmdsl, GmIgmai obsdrgMgds
BmGMIgGMdy (EL-X-800, A=450nu) (94)*%, 6c:35d0 3ME0dmeals 393(339emmds
dmdMEomo 30fMmsg3zgool dMs@dn (3emob35dn) a0l 5,2 — 6,2 33men/em.

94 Qelkers W. et.al., In: Rationell Diagnostik in der Endokrinologie (Ziegler R, et.al. eds) Stuttgart: Thieme,
137.1993.
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11.3.2. JooemgbdgFnbol goblodmzgHs g6badnmo (Jmemobgbogsbeemo)
PAP - 3gomeom gofMds Humani -ob 6s3cgdom

dgomeal 3M0b(3030 @sdysMgdymons  Jmmgb@&gMmemolb gogfMagdob 9gfMdgb-
& 30Ommadg 3. Jmmabgbog@mabal (4. g) Lodymemadoo s d93wga cszalyy-
R3O0 Jmmgb@gmmmol ©ogsba30dg 3. Jmmomdbosbal (4.m) bygsgmaboom. o3
95d300b dggase asdmmsgobagmgdmmn bysmdemol bggsban 3. 3gMmdLo-
DL (3.m) 8mbobormgmdam 06393L p-5806mobBndntnbals s ggbmeal gstisd-
bob g9 bogmogMgda (d06m6038060g9):

Joemgb@gfmmol gogdgdo + H,0 ____C_l-_{]_-____) Jomgb@gemmb + (3b0dmgeba dgegggdn
J.o.
Jomgb@gfmmo + O, -=====--mmmmaen — 4- JoamgbBgbmbo + H,0, + 2 H,0
3.m
2H,0, + 4 — 580bmg3gbsdmbo + ggbmeno --------- — Jobmbg80bals botdmbagdbo + 2H,0
(p—oGnGmoS@anﬁnGo) (Gnmgqm c&qﬁmb)

390l 0b@qbbomds sbobsogl LogMmm JmmabBgmmeal HomEgbmdal, Mm3dgemacs
obodM3gMgds domJodon® sbomabe@medg (Humalyzer junion, aq68s60s). 3s@armg-
@ Bo3mgdl JmmabdgBmmoal b obos®E b (5,2 8dme/m) asbbobdmgs s
3980093 Jmemgb@gmeob bagMom Momeabmdals gedmomgeme:

md099&0b ™3@). 94LENbz0s
---------------------------------- X 5,16 (38mem/em) (95)%

LEObEIMEBE L ™M3@). 99LE B30

63530 Jmemgb@gmmol d93(339emmds dmdAnmgdol dGMs@dn (3emobdsdn)
ol 3,7-5,2 38men/e.

95 Pisan T., Gebski C.P., Leory E.T. et.al. Accurate Direct Determination of Low density Lipoprotein
cholesterol Using an Arch. Pathol Lab Med. 1995, 19:1127.
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11.3.3. g3 Bol gobbobdmgs 9bbadama (amaimmgbosbymn)
PAP - 3gomeom gom3ds Humani-ob 6s369d0m

dgom@al 3M0b(3030 odysMmgdmmos 3o9Mal ¢obgdswom $gMdgbs ammy-
300 dbosdsb (g.m) Imbsboemgmdom gemm3mbol ogsbazedyg, Mol dgmgasw Botm-
3cm0g3698s Bgordaalb bgygaban (H0,). ¢3565b369molb @admolb oMmb ggmdgbe
396mJboabsl bgdmddgmgdoo LBsM3MgdL Bgbmmol s pP-530bmab@ndnmnbals
3mb6g6Ls30s BgmgMom (JMmBmagbym) BogfMomsw. bLbBsML gqMab 068 gbbom-
do dbobagh amy3mbal MomEgbmdsl, GmIgmai 0Dm3gds domdndonm sbambs-
&medy (Humalyzer junior, 3963s60s):

aeggmds + 0, + H,0 ------------- — amqggmbsgo + H, 0,
3.m.

2H2 02 + ggbmmo + 4 5306msebGndnfnba ----------- .

4 (p-396DmJobmb3mbmn8nbm) 3gbsdmba + 4H, 0,
BgM©0 Jobmndabo

3o@amgmama  LBsG3Mgdl LEebosmE b (5,55 83men/m) asbbdrgms s
3980093 am)3mbL Mommgbmdols asdmmgma:

md09980b ™3@). 94LENb30s
---------------------------------- X 5,55 (aamqw/qw)

LEObIMEB L M3@). 99LE N30

bm@3sd0 gemm 3mDal d93(339mmmds ImDEMnmgdol dMs@dn/ 3emebdsdn oMol
4,2 — 6,2 33ce/em (96)%.

99b39M0896& Mmoo  Bgaagdol  LESEELEINM YDEMbgzgmymBs  ZSbbmE-
(309eEd 3MmaMadmmo 3s39&0b Microsobt Excel-ob godmyqbgdom. godmgmgo-
mao 35B39698mgdal Ladmsenem (M) 8603369mmds, Lodnsmm 33. SD assbMs s
LaMBINbMadal semdsmmds (P).

96 Tiets NW (Hrsg). Clinical Guide to Laboratory Tests, Auflage. Philadelphia. PA; WB Saunders Company;
1995:266-273.
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odgo lll.
gLagdmagbyma bgFMgbab ImEgmamgdabsb byzgmo s byzmMbEMmenm
3060533980b domdndoymo LGsGnLab ge35Lgds, J(393000 © g3mz0mMo
dsbsbnscgdmadab 356LdrzMs

0330 lIL.1. 4393000 © 53mEayca 3shz9698mmgdab (33emammgdgdn 356Lbb3s39dema
&030b 3d@oncn 35660930l Mg5g309800 33dmb3ggmem bagdmagbama bMgbab
35630056M730b bbgosbbgs 98s3bg

0330 lIL1.1. 5800 g5b6nwgdol Mgsd00lb godmdndszgds — 35638 303980bs o
9600 (300b go63ds3mmdadn mfn sgd@omdo asbMngdal Mgodznol Ggb@omgdal

©0bs303s Ly 30Mmsg395do.

M Lbgoabbzs dgqgfom 35dmnbasbydgmby (83@)6(06(080 - 23; Bmbo — 500
3i) (3900-(39039 ©d@0Mn 35bMngdal Mgsdz00lb gm@Iomgdals 3Gm(3gbdn Las-
a0 300m333950L 4(3930L, ©LBSZMmOLS s FgbLngMgdal dgbbsgemal Jobboom
99b3960896& 0L bgmgmmdabal smzMnzbagwom: dagfncm boabsmdy (3bmggmadals
dogt BgbErmmgdygmo LEmMo Mgad(30980L Mommgbmdal ((ﬁmgo 339600 bogbs-
ol 0dmmomgdmmn Imgdgogdol 3gommdo gemgd@mm-3@3036gmo asmabos-
690l goMgdg 30MMa3d AOSZNEMES 339NN 6068“’%0@{]608”)’ 3oMmmdom
Loabomadl dmEnl 0bGgMgsmdn zoMmogzqdal dogM gsdmgmagbomo 4393000
5dBg00b Mommgbmdal s babgmdmngmdsl, gswagbmnm J3g300m 948gdl dmEals
®3bsg35MEMdal babosmb.

99b3960896@ 0l bgmgmmdabal (3bmggmgdds gsdmagmabgl d5dwgan Ji3g-
301 bogbommmEol gowobgmgda, ,acmdaban”, 39M@0zsmamn (30Mmmoagzs Bgbby
©a5b s msmgdn 3s9Mdn o43b 6063(90@0) 5 3mE0dMbEsmaFo (3060’)0630 Bols
5 Bobs mama bab 3sgmdo og3b 8063(90@0) ©amdgd0, Bg3oM@o dmmabadabs
5 0306 3b730L Mommgbmds.

Loz 306mog398d0 80%-0560 3M0@gfMomdol dobombggew 3ofMggm daqg-
000 353000b0sbgdgmby (83@)6(060780-233) od@omMo aobMowgdal Mgsd00b ao-
dm3Mdaggdebs o gob63@ 303905 @sbgnmms 120-160 dgymemads. dg@Hmbmady
3d@0ofn aobMnadals Mgsd300b godmddsggdsbs s asb3@ 303900l dgdwga, nb-
49dmes 8@ asbMngdal Mgsgonl aodmdndsggds dgmeg dagfnom godmnd-
056989mdg — @mMbYy, 93 dgdmbggzedn (3bm3z9mgdl mezs(330m0 Mgad(30s YBEO™
LbFogs© godmydndsgmam. 39Mdmm, sd@onfn gsbfMnwgdaol Mgsd00b Ggb@nmg-
dobslb 3gmeg dggfom asdmnbosbgdgmby (@)m60-50033) (36m39mgdL sbbagemals
360890980l 8nbambgzee 60-80 dgmmmgds obdommson (bye.4).

M0 3d@omco asbMngdal Mgod00b (3om(3om3g 3odmadndaggds — a5638)-
303900L d9dga  30bygdwno dgBHmbmady s GMbdy of@oyn asbMnwgdals
695d(30900L Bgb@ncgdsl gfmo (300b asb3sgmmmdadn. dnofmdoma bLogbsmadals
dmbo(33mgmds  brgdmes  agmgmdsbol  dgdmbggzom  msbssmdscmyn (50/50)
LggBal dobgz0m (0b. agmmggodo). 9600 (300b 306353emmdadn mMa  sd@on
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3356M0@gdol Mgod00lb &abBeMgdabsl dommdoom gs8mnbosbgdgmdg Mgsdzogdal
363968 o 35B396939m0 14 ©wal (280 Jgmmmads) aobdsgmmmdsda 30-45%
o6 59358 gdmMeo.

03M0350, (35e0-(35em39 339M0m Loabambdg @ nmMo Mazs(330m0 Mgsd(30-
ab 393mb3dgdobsl Bohggbgdn 0dbs, MmM3 (3bmz9madl dgmeg dagfoo Logbomby
(Bmbo — 5003(3) ms305(33000 Bgsd300 NBM™ LBMsRsw godmndndszosm (2-3
©mg), beaenen 80%-0560 ©obBsgmal 3G0@gmondol 8nbomgdsm dnMzgm dagGom
353000056989 dg (89@EHMbMIn — 23(3) Jgegdom Ig@n Mm (6-7 ©wq) wsb-
FoMsm 5@ asbMnwgdol Mgod300lb go8mBmdszgdsl (bym.4).

33B0IB0 d356@0RIB0OL BASIGO0L 358MIIBS3IBOL R065303d LOHGRIV
300053333380

120

00 1

=

Lfeodo @gojgogdol 3shggbgdmgdo (%)

9339603968 0L Eggdo

Ly@.d. 5JBonFa gobMnwgdal Mgsgznol 3o8m3xmdsggdol @nbsda s

bogm 30Mmsg39830.
3B0dmMbGdm M mgdbdg — 9JL39M0896@)0b mgqda.

39608035 mgmddg — LEmG Mgod(30980L 3BmM(396@mema 85B396989emn.
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N.1.2. bosgemo @s bagmb@mmenm (3bmggmgdal Jisgznmo 3shzgbgdmgdols
(33008980 5@ 0Mo g3bMnwgdol Mgsd300L godmdndsgzqdabs s
35688 30(3960L 3gFomdon

BLogmagbnma LEMLOL asbgznmamgdals Lbgswabbgs §8o3dy, asbbbzsggdy-
mo Lofmoeob 94b3gMndgbB ol dnmmdgddn gbbsgmmdmam goMmsazgdal J393-
ob m@ bLbgowsbbgs dggfom asdm0basbydgmby (83@)60}60180 - 235 Bmbo -
50033) — ogd@omGo asbMowgdal Mgodionlb godmdmdaggdebs s as63@ 303900
396omedo (L)()GQOQTO 3060)033360). (3000b 3030bsMgmdabsls GoMmogdms b 3mb-
GOmmm 94L39M0dgbGn(3, FoMmoggzgdn dmmagbgdmmo 0y3bgb LogdLdgMndgb@m
8500l 339M©om, 9mgd@mmunEomgdnmo nsdszolb dgmbg (40 V, (33momon ©qbn)
0demmoMgdyyem dgmmbyg gobymeznmagdsadn, MHm3mgdo(z 00gdwbgb 0g03g Momegbm-
doo 38303690 300b0sbgdsl, Mabars Laogmo (3bmggmagdo xsddo, 03 gsbLb-
3539000, HMJ dom o6 3Jmbosm 38303690 aomnbasbgdabasb magal sMnpgdals
bodmomads (Lozmb@Mmmmm goMomsgzqdn).

0d@0mMo asbMowgdol Mgsd300l BMMnMgdol OH™ML doMmdom Logbsmgdl
dmtol 0b@gMgammdn 30Mmag3zgdds asdmagmobglb dg8mgan J3939: 39M&03drmMa
(Bezo gomomoags @gbdg mash s msmgda 3sgMdn oL aobzmnemn) s 3mMo-
BmbGormo (Bms goMmmoggs bab s Babs msmo Bab 3s96dn od3lb asbznemn)
©amdgdo, Logbsmmdmmnl gowsbgmadn, ,atmdoban” s Mmagal s6g3o.

30Mzgem dagfom 35300b0sbgdgmbdg — (83@)60760780 - 2333) oJ@oFo gsb-
0©9d0b Mgodz0nb god8mdydsggdobs s 3063303900l dgfMommdn mMngg xanyab
(36m39mgddn 50bndbgdms hggblb dngH MganbBMmomadamo J3g3000 3shz9690-

mgdals MomgbmdMogo (33emamgdgdo, Lowss mMogg xanBoL (3bmzgmgdo Mobs-
360 MHomEabmdom gmgd@mm as8mnbasbgdmlb mgdmmmdes (©gbom ©obgs 16-

®9O oMBYdom). J393000 BMMIgdowsb LoEgm goMosa3zqgddn ,amm8nbaol”
babgMdmngmdols 3Gm(396@ymo 3ohggbgdgmo 0,6%(+0,5)-0;m 35309300 ©ddS-
™0 0gm 390&0gommo 4,7% (£2,3) s 3mEodmb@smymn 2,6% (£1,1) oam8gd0l
babamdmngmdals 3Gm39b@ e 3ohg969d9mmsb dgwamgdam, bmmm 396 @0 o~
0 ©am3gdol babamdmngmds 5¢sfMdgdes 3mMmndmbBomyMa amdgdol babam-
dmngmdal (by.5.6. gbfama.1). LogbommImMal gomabgmagdal, magalb sbggems ws
B935@nG0 dmenbgdal Gompgbmds dgbadsednbor 3,4 (£1,2); 22,2 (+7,8) s 5,6
(*1,7) ogm (by.5.8. gbama.1). 9Jb3gM08968d0 Lo 3MbBMMEmM Kxamxzol (3bmggmgd-
3o, bLogmo (3bmggmgdobasb gobbbgoggdom godmsgmobgl sMbgdocms asbbb-
3939090 43939 30639 39600, godmnbdnsbydgmdy 39@Mmmbmddy, mommgyem
J39300 0dBgob dmmal mebogaomds sbgma aym: 39ME0gemaco ©am3dgdals
15,7 (£7,8) babamdmoagmdol 36m(396@memo 3583969890 bs38smm 5¢93s@98mmo
3mE0bMbG oMo agmBgdol 9,8 (+6,5) s ,a6m30banb” 0,1 (£0,2) babgmdmmoagm-
dob 3Mm(396@ M 3ohggbgdgmb, cogal sbggems s ggzomMa dmenmbgdol Ms-
mEgbmdMogn 8sR3969dmado Jgbodsdobow 24,6 (16,4) s 6 (£1,4) oym (buye.6..
Gbﬁn@n.Z).
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sbGoema. 1. 43930000 3ohz9698mgdols LESEGALEIHMN BgBobgds sg@oncn asbn-
©9%0b Mgod300b godmdndseggds — gobdGgn(3gabs ©s ghma (30L 3s63s53mmdadn MmN

od@n‘a(ﬁo 60660(9360[) ﬁaodennb aﬁ)mg\)({)m'@@n @ab@)nﬁ)gbob 33600’)@330 - boggg[](m

306Mm033943d0.
I 5830 (1) 11 58330 (2) 11 9830 (3)

J393000 3mA3gda P1-2 P2-3

bod SD bod SD bod SD
396§033mM0 ©amdgda 4,7 2,3 1,9 0,8 4 0,9 0,009 0,0001
3m0dmbG oo 2,6 1,1 3,9 0,7 0,3 0,2 0,009 0,02
©am3dgdn
330 5633 22,2 7,8 25,3 6,2 13,6 4 0,04 0,05
%9350 deagmbgda 5,6 1,7 2,7 0,5 5,2 1,1 0,001 0,0001
boabsmandmmab 3,4 1,2 1,7 0,5 3,8 1,4 0,009 0,003
3%03b3mgda
36x3dnbgzan 0,6 0,5 2,1 1,1 0,1 0,1 0,005 0,02

a53m33magzol dgmeg g@s3dyg, dgmMg dggfom 333cnbasbgdgmdy — (@)m-
60-5003) g0 gobMowgdal Mgadonlb gedmddsggdabs @ M0 Mo3ws(330-
o0 Mg5g300L 30638 3ozgdalb 3gMommdo, dg@FMmmbmady of@nyMo asbMagdals
99d300b @03m3dseggds — 35638 30(3960L 3gMomEmsb dgosmgdam, goMmsagzgdl
M3305(33000 Mg574(300 NRM™M LEMoxs@ asdmydndsgoom, 33 MmbL gemgd@mm
35300B0sbgdgmbay 39eMgdom bs3mgdn Mamegbmdom Mgdymmdwbgb (QOBOm
obgs 5-%96 Qoﬁ)@)ganm), J9300 3ohz9b9dmgdda Logdomm asdmngggos o=
mEgbmdMogn (33momgdgda: LESGNLE ML LsMBINbmw oym dgd(z0Mgdmemn
396035 mmo  amdgdab (1,9%+0,8; P=0,009) bsbamdmogmds, bLoabsmmdm-
0L gowsbgmgdabs (1,7£0,5; P=0,009) s ggggomanno dmeabgdalb (2,7+0,5;
P=0,001) Gozbmdmngn Mommgbmds, bmmm ,amm8abgobs” (2,1£1,1; P=0,005) s
3mE0bmb@armmoa (3,9+0,7; P=0,009) gmB8gdol bsbamdmoagmdal 85R3969dmg-
b0 LaMBANbme 0ym gobMEoema. 3mMEBMbGSmMME ©amdgdol bobamdmagm-
ds 360dgbgmmgbo ©mgds@gdmms 39MG0gsmyMn ©amdgdol bobamdmoagmdals
358396909mb (gbarma.1. by@.5 5.8). mG0 Mo303(33000 Mgod(30980L godmBndaggds
— 30638 30(3900L 3gFomedn  3MbGMmmolb xamxndo — Gmbdg, dg&MMbmImsb
dg0M9d0bolb  J39300 9d@gdL ImEol Lo@bIMbme dgd(30Mgdayemo aym 3960~
3oma@o (3,4+0,6; P=0,009) s 3mGodmb@ora@oa (7,3£2,1; P=0,002) ©am85d0l
bobaMdmngmds, ggzommn dmemmbgdol (4,8+0,9; P=0,002) oo ms30b obgz0ms
(16+4,8; P=0,008) Gozbmdmogn Momogbmds. ,amm8nbaob” bsbamdmagmdols db-
03 o8 9&oddg LombINbm aobbbzeggds o6 5¢0b6036gdms (sbFarma.2. by. 6. 5. ).
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@bfamo. 2. J3g300m0 85R39693magdalb LG NLEgNMn Tgisbgds sd@omma asob-
00l Mgog00b a08mdndsggds — asb3@go39dabs s gfmn (300l gs63dsgmmdsada
™m0 od@)omﬁn 60660(9360[) F)UodGnnb gtﬁmggﬁm*gqm @gb@nﬁabnb 3360(*)(930 - bodmﬁ-
@ﬁmqrm 30(4)070633630.

198530 (1) II 9230 (2) III 9@s30 (3)
J3930000 gmE@Igda P1-2 P2-3
SD SD SD
bod bod bod
306@0g3egfio
©am3dgdo 15,7 7,8 34 0,6 14,8 3,3 0,009 0,1
3mA0dmbGsmmen
©amdgdn 9,8 6,5 7,3 2,1 1,1 1,5 0,002 0,003
0330l 56935 24,6 6,4 16 4.8 14,5 3,3 0,008 0,001
B3I Go
Seagbgdo 6 1,4 4.8 0,9 6,4 1,8 0,002 0,005
at3doban 0,1 0,2 0,6 1,2 0,5 0,5 0,2 0,4

Loz 306008390m06  dgamgdabsl  Lagmb@Mmmm  xamydo  mo-
omgae 439300 0d@gdlb dmenl, 3omggm dagtom asd3mabasbgdgmbdg — 3g8-
mbmddy  LESGOLENINMsE  LaMBIMbme  aym MG gdygma  3gMEG OIS
(15,7+7,8;P<0,001) oo 3mM0dMbG S mE0 (9,846,5;P<0,002) amdgdol babam-
dmogmdol 36m(396@mmo 35B39693madn s mog0L sBgzsms (24,6+6,4; P<0,001)
omEgbmdal Mo(3bz0. ,ac30bgalb” babgmdmagmdal dshz96989mn o3 9@o3Dg o6
3933em0ms (gbama.2). M6 dagfnm 308mnbnsbgdgmdg mezs330mn Mgodiogdal
a53mdndaggds — 35638 30(3900L 3gMnwdn, LagmbGMmemm goMmea3z9ddn o-
390 339600 353m0b0sbgdgmmsb — dg@EmmbmImsb dgosmgdabsl LambImbmm
39930605 3960@035maGo (3,4+0,6; P=0,009) ©o 3mGodmb@smymo (7,3+2,1;
P=0,002) ©amdgd0, BgzomYMo dmemabgdol (4,8 £0,9; P=0,002) oo »d30b 3bgge-
oo (16+4,8; P=0,008) Gommgbmds, bmmm ,a6m30baolb “ bobamdmozmadols 8sR396-
98930 (33m0gds 56 50060369dms (FbFagma. 2. by. 6. 5. 3).

35dsbo@ady, dg@MmmMbmIdy s GMbDY od@onmn asbMowgdal Mgadznol ao-
dmdndaggds — aob3dB3ozgdal 3gMom@dn mMogzg xanBoL goMmeaszgdal J39300
3dBg0b dmEnl msbogsmmmdal dgmsemgdsd gz0hzgbs, Mm3, Mmogbas 3odmadndagg-
dob gBa3dg goMmsgzgdn mgdagmmdl gmgd@mm 98 30369me as3mndosbgdgeml
3980 BomEgbmdoo (gb0c ©obgs 16-%9M oMEYdom) — MBobaMgdmem J3935L
3960350 ©amdgdo BoMmImowagbl (3sbbsmmmgdom Bsmomoa aym bo3mb-
GOmmm 300000839830, HmEgbss (36m39mgdL o6 3Jmbosm 38 3036gmmn gomo-
B056980bg06 0030l 5ngdal Ladmomgds) (LS., by, 6.5.). 3003@™3so@qdmmo
M3305(33000 1957309800 3gFommdn — dgmeg 98o3Ddy, (3bm3g9mgdo dgemgdoom
Bo3mgdo Homeabmdom gmgd@mm gs3mnbasbgdgml mgdnmmdos (©gbno ©sobggs
5-%96 o6@Yydom), Goi 3odmzmnbos (393000 99@&gL dmGal MEMomngBmmsbs-

RIMEMI0M0 (330 gdgdom. 33 g8s3dg mBnboMgdam 4(3035b Logm xany-
37



do 3mM0dmbG s m@o amdgdalb s ,aMmdobaob* babagmdmagmdol dshz969emg-
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.1.3. Logmo ©d LdgMbGmMEM (3bmggmgdals 3935 ™Mo s9&oyMn
3566030l Mgod300L gPmEOMMmo 14 pmosbo &qbBoMgdal 3gMomoda

39@mMmMbm3dy s BMbdy dg@nmMo asbMowgdol Mgsgzonl asdmdmdsggds —
35638 30(3960L 338098 MM039 as3m0Dsbgdgmb 30ygbgdmom gfo (308d0. gs3-
0D00693madL 3Bmog0m ImEnggmdom, aqmgmdsbals bgdolb dobgozom (91)%.

9600 (30006 g56353mmd530 M0 379G nMMo gsbMowgdal Mgsd00l Ggbdncgdo-
bLab, gob3@ 303980 MI38(330m0 Mg59(30980L 3gFomMEMsb dgsMmgdom, MMz
®a9Bob g0Mmeaggdo dmgmo 94b3gM0396@NL 3gGomodo (14 QQ{J) 0bggdme-
696 gmgd@mm 3580basbgdmol 8980 Mommgbmdal domgdom (cganm ol
26-%96 ©3MBGY30m, Momash (3bmzgmgdds 14 Eolb gobdsgmmdsedo, oj@oymn
3560000l Mgod300L BMEMBaMgds 396 8mobg(¢)b3b), (3 393mzmnbs J39300
0d@gdLb Immnl MEmogPmmsbsgsmomdomn (33emamadgdom. 39Mdme, bLszogem
306003398380 LoMBINbME go0bsMES 39MHE 0 o mNGa amdgdals (4+0,9; P=0,0001)
babgMdmngmdol 3Mm(396@ma 35B39690gmm0 s Logbsmmsdmmal gomabgmgdo-
by (3,8+1,4; P=0,003) 5 Bq3omaMo dmennbgdols (5,2+1,1; P=0,0001) oMY=
bmdolb Mozbgo (byM.5.0.3., bFama.l), booenm ,a6m30630b0" (0,01+0,1; P<0,02) 5
3m@0bmbGormnmo (0,340,2; P<0,02) oamdqdol bobamdmogmds 8603369mmasba
3998306000, Lo LaMBBMbm aobbbzagqds o6 50nb036gdmms. (EbMnma.l. byM.5.s).
30639 306mdom g530bnsbgdgmmsb (89@Hmbm3n-23(3) Jgomadabsl, g6mo
(300b g56353mmdsdo mM0 sg@omMo gsbMowgdol Mgsd300b godmdndsggds — aob-
3830(3900L OML (3bmggmms J39300 35h39698maddn gsdmgmabrs LaMB3mbm
(3303980 3mE0obmbB s am8gdolb (0,3+0,2; P=0,001) bsbamdemozmdo-
by > oogal oBgzems (13,6+4; P=0,002) Gozbmdtngn GHomoabmdals dsB3964-
dmgdal bz (gbama.l), boemm 396M@0395mmM0 ©amBgdaobs s ,a6m80baob”
bobamdmngmdol 35R39693mgdals 8bGng (33emomgdgdo 1860d369mmm aym (bu.5.
s). Logmb@Mmmemm xamazal 30M0ea39380, M0 Mog©d(330000 Mgsd(30930L (398)-
mbmdo o @mBn) a53m3ndaggds — 39638 30(3960L 3gF0mEmsb Jgoscgdabsl
99b3960896@ 0L 53 9@s3Dg, LsMbINbmE d53(3069d Mo agm  IMEDMBE S -
60 amdgdal (1,1£1,5; P=0,003) bsbamdmogmds s mogal sBggoms (14,5+3,3;
P=0,001) 6oiEbmdmoge Gomgbmds, ImBs@gdmmn aym @gzoman  dmeanlbg-
3ol (6,4+1,8; P=0,005) 35R396989m0. safgmzg, 00603693mms 3960 oMo
am3dgdol (14,8+3,3; P=0,01) 0J@03mdal 8603369mm3960 godmagiqds (bye.6.5).
LagmMBBOMEM  goMmseg398dn, LaEgm 30Mmog398mb Bgemgdobsl — gMomo
(300b g56353mmdsdo Mo s9@onMn gsbMowgdol Mgsd300b godmdndsggds — aob-
38 30(3900L 3gG0medn, LaMBINbmE 0gm godMEOO 39MEGNFSCMM0 am3gdals
(14,843,3; P<0,001) bobamdmogmds, g3gzocmnto dmeabgdobs (6,4+1,8; P<0,01)
s mog0lb oBgzoms Momwgbmdal (14,5+3,3; P<0,01) 3sR396909mdn LomBImbm
3mbs(393980 o6 50060369dms (gbFama.l.0s2.). 3MEGGHMmMmOL xamydan, mE dag-
000 30300b0s6gd9mDbg Mogms(330m0 Mgeg309d0L godmdndszgds — asbd@go39-
b0l 39M0mEmsb dgosmgdabsl 3o, gfmo (3000 gobdsgemmdsedo ™o sd@oymn
356M0@gdol Mgod00b asdmdmdsggds — 35638 303900L 3gMomedn, dmndsd

97 Gellerman S.W. Change orders of alternating stimuli in visual discrimination experiments. J.Cenet.

Psychol, 1933. V42, P.207-208.
40



390&0gomamo (14,8+3,3; P=0,1) @amdgdalb 3583969898, Lambdnbmeo dg8(306-
@5 3mMndmbBoma@a (1,1£1,5; P=0,003) mamdgda, omogalb obgzems (14,5+3,3;
P=0,001) oo B9 dmeaybgdols (6,4+1,8; P=0,005) omEgbmds, Bmemm
»380bg0b“ dohggbgdgmo ¢33mgmo agm. $3Mngsm, gMmo (300b 3563s3mmdado
(m€)033 xa‘g%an) M0 33GomMo 3obMnwgdal Mgsd00lb GabBomMgdals 3oMmdgdda
14 ool 3sbdoemdy 393000 dohggbgdmagddn 33mseg mBnboMgdl 39M@0gom-
0 ©am3dgdo s 0go LsMbIMbme (0,0001) &0l 35bBMEOMn 053wd(330000 o=
J30980b (IT g8o30) go8mBmdoggds — 35638 3n(3900b 3gMomEmsb dgwsmgdno (bu.
5 3.3; byA.6 2.3).

l11.2. 3bmggmes 93mEoymo damdsmgmdab dsbsbnsmgdmagda a356bbzsggdaema
LoMaryymab sd§oyMn g3bMaEgdab Mgsdnab 3>dm3ndszgdabs
©3 33638 30(3980L 3gM0medn

1.2.1. Losgemon @s Ly 3Mb@Mmmm goMmagggdolb 43930
»@0> ggenob” Gab@do

»05 39m0ob” BgbGdo dsg&nmMo a56Mnwgdal Mgod300L BgbBMgdsdrg bas-
gm0 s bd3MbEMMEM (3bmggmgdal dogH gsdmgzmabamo J3g30m0 BmMMIgdo
&9bB0b dabgz0m BoG8mmagboma nym od@omtn (dmdmsgn) s 3sboyo (xdMagn)
35839693 gm0 (byM.7; bym.8). Lo3gmo (36m39mgdal s 06BS G MMn 30Mmseasg-
30l 5g@0mo 3shgqbgdmgdo gsbabadbmamgdmes dgdgan J(393000 399960bIgdoo:
dmdEamdol 39&0mmmdal mo@ab@ e 3gcommoa 1 63-b o6 smgds@gdmes, 33emg-
3000 4(3930L 0bgmn go3mzmnbgdgdn, MMAMMN3S A0S 339000 33500MdGgd0,
396&035M0 ©am3gdn, ma30b 86939, 9B ©S 3odmzzmgmo bmEmagdals
omgbmdMngo 35B39698mgdn, qbadsednbor 37,5(£15,6); 17,2(+4,9); 20,6(+9,7);
2(+2); 4,4(x1,7) 3900396005 (by.9.3), bmmm ,a6Gndobgol” Lydstrmmon 8608364-
mmds 16 63-0b(+5,4) gomamgddn Igmygmdos (bge. 9.3); 3sbon@o 85B39698gmo
005 390" aym (3bmggmol mdGHomdal g3obs (894560B8n) (beA.7). 30639 daq-
000 35300b0sbgdgmbg — dgBHMbmAdy od@onfn gobMowgdol Mgsdzonl godm-
dmdaggds — 39638 30(3960L 39309a »00 ggemdn ba(zgmo g306meg39dal Jsgzab
JqbBogmobal bGeG0bGgNMem Lamabmbmm asbMmnmo ogm (396@M3dn dgbgemabs
(2+0,5; P=0,008) oo »3306g0L“ bobaMdmoagmdals (28,3+8,963; P=0,001) dshgqb-
9890, bmmm 393(306093mmo 396G 035m0 amdgdabs (10,5+ 4,8; P=0,003) o
a5dm33mgnmo bmemmgdal (2,5+0,7; P=0,004) Gomegbmds. smnbndbgdmes dmd-
omdol 394G 0mEmmdal ma@qbBmn 3gMommol bl s gomszzgmomo 33o-
5@ 900b, mog30L 8693500 s GggemNE dmmbgdol dgd(306980L &9bwgbz0s
(bmﬁ.9.b. &; GbﬁnQnB).
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@bfamo. 3. Ji3g3000 35R39698emgdal bBo@nbEngnMo dggobgds ,mas g3gmab® &glb-
&b gbogdmggbnma LEMgLOL asbgamamgdal bbgowabbgs g@e3dy Lozgm goMmeaszgdda

"5®°?1L;'J”\‘J"’“ 198530 | 1g@s30B) | 1 g8s30 @)

s P12 | P23 | P34
doagero gt | o L sp | 1bsa | sp | b3 | sD | w3 | sD

3066630 Bgbgmo 1 1 2 0,5 2,8 0,7 3,5 1,1 ] 0,008 0,05 0,08

3°®d33gee | 375 | 156 | 27,8 | 19,7 | 15,5 | 8,9 5,7 3,6 0,1 0,05 | 0,003
3350658930

30%@0goa®o | 475 | 49 | 105 | 48 | 87 | 55 | 34 | 1,9 |0003| 02 | 0007
©am3gd0
beatienbs Ghgegemggbo | 4.4 | 1,7 | 25 | 07 | 14 | 07 | 07 | 06 |0004| 0002 | 002

0030698935 | 206 | 97 | 155 | 26 | 121 | 46 | 63 | 2 | 007 | 003 | 0,001

BIFYF0 2 2 0,7 1,2 | 0,5 0,6 0,3 0,7 | 0,06 0,3 0.2
Bmgﬂbabn

@odgbggso 08 | 03 3 1,2 5 0,5 6,7 1,3 | 0,05 | 0,0001 | 0,001
3gMomen

3630630 16,3 | 54 | 283 | 89 | 43,5 | 151 | 88,3 | 28,7 | 0,001 | 0,009 | 0,0003

39@MmMbmIdy  3d@omMo  asbMowgdol Mgsdiool asd8mdmdeggds — as638)-
3039000 3960mEmsb dgosmgdom, mbdg sd@nmmo asbMnwmgdal Mgsdoolb go-
dm3nda39dobs s MM megms(330m0 Mgadznnb gobd@ 303900l 3gGommdo .m0
39edo” LaMbINBME ngm gsbOEOE dmdMomdal 5J@&0mMMbab @96 Mn 3gto-
M0 (5+0,563; P=0,0001) 5 ,amMmdabanb” (43,5+15,168; P=0,009) bobaMdemagmds
(by.9.3; sbFoma.3), I93 (306980 0ym a88m 33emgmemn bmEmmgdob (1,440,7; P=0,002)
0(36mMdM030 MomEgbmds (byM.9.s). aoms33gm0mo 3350M5@ 980, 396035 mMo
©amdgdol, megol sbgg0bs s ggzomMn dmenmbgdol Mamogbmdmog dohgqbgd-
9ddo 50060dbgdmes 393(3060980L & 9bwgb(305, MmMBrgdacy LaB3Mbm (33ememg-
39800 o6 0ym as8mgmagbormo (byM.9.., bFama.3). 35638 30(39dMm0 MO3EI(33000
959(30980b 3gM0mEmsb dgsMgdom, Mo s nmmn asb6Mnwgdals Mgsd00lb geomn
300b a56353mmdadn BgbBMgdol 14 emal d93wga »mos 39emdo” LambIMbme
350bMEs 8mdMHomdol sg@onmmdals ms@9b@ Mo 3gMomen (6,7+1,368; P=0,001)
s ,300306g0b" bobamdmozmdols 8sB396939emo (88,3+28,763; P=0,0003) (byM.9.3.),
399306000 355339000 3350M5 g0l Mamwgbmdal Gacsbgza (5,7+3,6; P=0,003),
396@®30 dgbgmabs s @939 n@o dmemnbgdol Mommgbmdmag 3sh3969demgddo
LEMBAMBM (33emNEadgd0 3G 50b0dbgdmEs (L. 9; GbMagmn. 3).

LagmMBEMMEmM xamBdo 30MMa3980L GabBEMgdabal ,mos ggmadn® bohggb-
90 0gdbs, Hm3 Lozgm (36M39mgdcsb dgemgdom sg@nmMo asbMowgdol Mgs-
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J300L 803m33539053007 LaMBINbME Fomammn ngm goms3zzgmomn 3350Mo@qdnb
(49,2+2,9; P=0,008) coo 353m33mgmmo beoMmgdol (8,244,3; P=0,001) romEqbm-
dab Bnsbzo (gbMomnd), beam LoMBmbme 39330693 memo ,a6Bnbaob” (3,743,3;
P=0,0006) bsbgcdmngmdals 85B39693gm0. 3md@amdol sg@&om@mmdals ms@ 968 o
3960mEab, (396@M30 dgbgmol, BgzemMn dmeabadabs ©s Mmag0lb sbggems Mo-
mgbmdal dobgogom Lszgmo s bs3MBEMMEM 30MmMoa398L ImE0l LaME3mbm
(33093930 56 5mnb0d6gdmms (gbFamma.d. bygmsma: 10. 5.8). 39BHMbMBbY 9@ 0+-
60 gobMoegdol Mgod00lb gedmdndsggds — asb3d@ 303900l d93wga »mos 3gemdn”
&qLE0MgdabSL, JMbGEMMOL Kxamxndo LsMbINbmo oym Jgd(30Mgdmmo asws-
33900000 3350659500 (30,2+6,5; P=0,001), 396080350 amdgdals (12,7+8,3;
P=0,002) oo 353m33manmo bmmmagdol (4,7+2,5; P=0,001) omEabmdol Mo(sb-
30 (byFFscn.10.s. gbFamad). LoMBIMbmo asdMoomo aym dmdGMemdal og@om®m-
3ol mo@gb@ Mo 3gtamen (3£0,868; P=0,001) o ,a630banb” bsbamdmoagmdals
35B396909ma (11,2+0,963; P=0,002) (byM.10.3; sbGarmnd). Loogm (3bm39madomsb
39056 980bsb, godmjzmgnmo bmGmgdol (4,7+2,5; P=0,001), go0s33900mm0 3350-
QRGN (30,2+6,5; P=0,002) 5 3908035 M0 amdgdals (12,7+8,3; P=0,001)
3oR39698mgdo LaMbINEME Bomamn agm bLsgmMbGEmMEM Kamxydo, bmem magzal
obg30bos (16,5+1,7; P=0,02) o %930 dmegbgdols (1,7+£1,2; P=0,01) oMY=
bmds bogm (36m39madmsb dgemgdabsb 186nd3bgmme odsmo aym (bye. 9.
> 10).

39@&MMbmM3dy s9@nmE0 gobMowgdol Mgod300L asdmddsggds-as63@ 303900l
3960mEmsb dgemgdom, Gmbdy — ™Mo mozs330m0 Mgad300lb gedmdndagg-
do = a9b3830(3980b5L, LogmMbBOMEmM KamRalb ,mos ggmab® Ggb@do LamEd«-
bm oym aobsbamdmoaggdmmo dmdmomdal od@ommmdal ma@gbdmmn 3gMommo
(5,2+0,568; P=0,001) coo 396@®3d0 dgbgemabe (3,5+0,5; P=0,001) coo »3m30bg0b*
bobamdemogmdols (19,2+4,2; P=0,005) 3583969890 8mBs@qdmmo oym (bFaemo. 4.
by, 10.5.3), boemm 405339000 3350658 930b doB306939ema (21,2+3,1; P=0,006)
LaMBINbmE 0gm Bgd(30Mgdema. 396G 0 oM EamMIgdol, godmzgmgnmn bm-
mgdab, maz0lb 9bg30Ls S BggomMo dmebgdal Bohgqbgdmgddo srnbnd-
6gdmes 393(300980L Bgbgb(300 (gbarma. 4. by 10. 5. 8). Lo zMbGEMMEM RaMBobL
(36m39mgdals 8mbo(398980 — goms3zgmamn 33006 qd0b (21,243,1; P=0,001),
3968035mmG0  am3gdobs (10,5+4,2; P=0,002) coo 353m33manmo  bmmmgdals
(3+0,8; P=0,001) Gommgbmds LoMbInbmo domama aym Lo (3bmzgmgdmsb
83(90686()[)0[) (GbﬁnQn. 3. gbMogna. 4).
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sbGoema. 4. 393000 35h39698magdals bLGsGALENIYMn dgxsbgds ,mns g3gmab®
&abEb GLogdmagbnmo LEMgLol gobgomamgdol Lbgawsabbgs g@e3dy Logmb@mmemm
30605339830

0685J@ae (1) | I98930(2) | Mg@s3n(3) | I g@s3n (4)
Js0g000 gEdgbo P12 | P23 | P34

bod SD bod SD bod SD bod SD

(068@30 3gbgems | 1 08 | 2 | 0 | 35| 05| 72| 17| 02 |0001 0002

3°@533gn0c20 49,2 2,9 30,2 | 6,5 | 21,2 3,1 14,2 7,8 | 0,001 | 0,006 0,2
33%00603§ 930

3968035, 18,2 8 12,7 | 83 | 10,5 | 4,2 6,7 4 0,002 0,3 0,1
©a3™m3dgda

bemfmb Fgggemgdbo | 82 | 43 | 47 [ 25| 3 | 08 | 1 | 08 | 0001 | 071 |0,006

30 56939 20,2 3,4 16,5 | 1,7 | 12,5 52 10 4 0,04 0,09 0,2
935 G0 2,2 0,2 1,7 1,2 0,5 0,5 0 0 0,2 0,06 0.06
menbydo

39680 0,5 0,5 3 0,8 | 5.2 0,5 8 0,8 0,001 | 0,001 | 0,006
Sgﬁgnmgn
a63nban 3,7 3,3 11,2 | 0,9 | 19,2 4,2 32 4,5 0,002 | 0,005 | 0,003

M0 39GomHo g3bMawgdol MHgsdionlb gMomn (300b gobdsgmmdsada Ggb@oMg-
d0b 14 ol d58mga, 396383039090 M3305(33000 Mgd7(30980L 3gFnmmab
JqoMdad shggbs, Mm3 bazgm (3bmggmgddn LaMmbanbmm gsnbaMos ms@qbd«-
0 3g6Momeob (6,7+1,3; P=0,001) oo »3306g0L* (88,3+28,7; P=0,0003) boba -
dmogmdal 35R39698gmn, bremm LaMB3mbme d53(30M0s 39MG0ZdmYYM0 am3g-
3ol (3,4+1,9; P=0,007) bobgmdmoagmds, aoms3390m0mn 3350658 980bs (5,7+3,6;
P=0,003) s 05300 ob935m0 (6,312 P=0,001) Gommgbmds. (39686380 dqgbgmabs s
353m33mgamo bm@mb 3ohzgbgdmgdda snbndbgds (33emomadgdo 353(306980Ls
5 3m3s8g60L IbM0g. bs3MbGMMEM RKamyal 30MmMsa33830 — MMO 83330000
959d(30900L 3gF0mEmMsb dgemgdabsl, Lambanbmm nym gsbGmomn (396830
39b3emol Gozbmdmnga (7,2+1,7; P=0,002) Gomgbmds, dmdsmdal og@ommmdals
& 9b& M 3gMommo (8+0,868; P=0,006) cos »330bg0b* (32+4,563; P=0,003)
bobaMdmngmdol 85R396989m0 (bn.10.3; sbFarmad), bremm ao8m33mammo bmGmb
95mgduob  (1£0,8; P=0,006) 85R396539em0 Lo@B8mbmo 393(3069dmmo  aym,
500608693ms 300339000 33500M5@980L (14,2+7,8; P<0,006) Gomwgbmdol
5 390035 Mo ©amdgdol (6,7+4; P<0,1) bsbamdmoagmdal 8sB39693mals 393-
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(3069800 89bab308. LogmMbGEMEmM Kamxdo, Loogm (3bmM39madmsb dgosmg-
30bob, LamBINbme Fomsmo aym 8mdBHomdal od@omMmdal mo@gbdmen (8+0,8;

P=0,009) 396M0mE0, 39MEG03omnMn ©am3dgdol (6,7+4; P=0,002) bobaMdemagmds
s 0030l oBqzoms (10+4; P=0,002) Gom@gbmds. goms339m0mn 335006589300
(14,2+7,8; P<0,02) omEgbmdal 35A396989mbs ©s ,acMmdobaol* bobamdmogmdals
(3244,5;P<0,01) 85R396939md0 5020608698ms (33tm0mgdgdo dmBs@gdals s d93-
306930b 8bF03 (bey.9. bey.10).

03M0g00, ,0d 3gmob* Gqb@do 9Jb3gMEdgb@ b Lodogg g@e3dg ™mEngy
®39Bob g30Mmea398d0, 0b6GdJE NG (3bm39mgddo s gBd39dL dmEnl  J39300
35R39698mgddo gEMm0gMmdgsadabsb, sd@ommo mszms3300m0 Mgsd30980lL go-
dm3dndazgds — gobd @ 30(3980Ls s M0 sgGonMa gobfowgdol Mgsd300L gMomw-
Germmo 14 ©eosbo §gbEnmgdolb gmbdy LombInbmo asdMEamo aym ,a6«-
dobgob* (0,0003) bobamdmoagmds s dmdMomdomo  dg&onmmdol mse@gb@ o
(0,0001) 3g60omon, bmmm sbsGRgb0 33maz0m0 J@omGmdal 35B39698mgddn
50060369dms 393(300980L ©96qb(300 (byA.7, 8. (sbFaema. 3,4). 3500533900 33500-
59000, 39ME03omM0 amdgdabs o aodmyzmanmo bmMmgdals Momogbm-
dob 35R39698madn 30MEad0m 3mMgmsznsdas dMomdal gobal Imds@qdsbmab
(by.7.8), B3 98mM 3060 dsdmEmmdol B0l 356086989mo0s.
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l11.2.2. byzgemo ©S by 3MBbGHMENM 3060533980 J(3935
»36m3mbamagd i §gb@dn

(36m39m9d3dn dndabs @s dxmmzgal Mgsdzngdal dgg3obgdabsl ,36m 3mbgemad-
&mo“ Bgb@nb dobgogom 65B396980 04bs, BMA s9BomEn gsbMnwgdal Mgsdzonl
&9LE0Md33mg LaEgmo goMmmsea33d0b Kanndo gbom ©sLgomo Byemoal L3l
598 930L BomEgbmds 8,4(+4,5) aym. 50b0dbmmo 393000 Ggodz00l 3oB396907-
mo bagogm 30000839830 Lo@bIMbmo 0gm dgd(306gdmmo, Gmam dg@mm-
68y 590G asbMogdol Mgoz0ol asd8mdndsggds — aobdd 30(3980bs (3+0,7;
P=0,001) ©> o0 sJ@omn ms3m5(330000 H959(30930L aodmdndogads — 35638)-
30(39%0b (1,5+0,7; P=0,002) 398093, 0Ly M0 sdGonmn asbMowgdol Mgsdzonb
960 (30580 G9bG0Mgd0L 14 mab (0,6+0,5; P=0,004) 393cqas(5 (bné. 11 5. gbGama
5).

sbFoema. 5. 393000 35B39693mqdal LGB b MM dgxsbgds ,mas 3gmab® Ggb-
&b gLbodmagba®o LEMgLEL gobg0mamMgdal Lbgewsbbgs g@s3dy Lowgm s bs3mb-
@ﬁmqwm 30(4)070633630

g @sbgormn a6@sg@ o (1) [ 198330 (2) | M g@s3n () | I g@s3n @)
Bycmob b3ab 53@gdeb P12 | P23 | P3-4
A3mEgbmds
bod SD | bsd [ SD | Lod SD bod SD
bazegero 84 | 45 | 3 |o7| 15 | 07 0,6 0,5 | 0,001 | 0,002 | 0,004
3060333980
b 3mbGMHmEm 47 33 | 27105 1,7 0,5 0,5 0,5 0,09 | 0,002 | 0,008
3060333980

LagmbEMMmM xanxndo gbom sbgnmo goMmaggzgdol bymob LIob o4 gdol
omEgbmds 0B J&ME 30M003390m3b dgamgdalsl, Lambanbmm nym dgd(30cg-
dmmo mG0 5dGonfn ma3005(33000 Mgod(30900Lb 388mandaggds — asbd@go(zgdal
(1,7£0,5; P=0,002) 398094 > 303 986O™ dg8(30698m0 mn sg@onmo asb-
009306 Bgod(300L 9o (30090 BgbEaMgdal 14 ool (0,5+0,5; P=0,008) as6-
353mmdsdn (bFagma. 5). 89@MmMbmMADY — oG omMo gobMomgdal Mgadzool godm-
ddaggds — 30638 30(3900bal LomdbYbm aobbbgsggds abGod@ e (3bmggmgdmab
39msMgdoo (2,7+0,5; P=0,09) o6 5000608698mas (bey.11.3.).

bazegmo ©s bagmbEMmmmm goMmsgzgdalb ,36m3mbxmaldn®® §gb@dn sm-
bodbym 393000 Bohzabgdgmda Lbgowabbgs g8939ddg NEMmogmmdgostgdabsl
LoMBAMEM gobLbgog93980 o6 5060dbgds (FbMagma 5).

0300350, »3OM3Mbymoddnm” &qb@Edo gLogmagbnco LEMgLOL gobzomsmg-
dob Lodngg 9@o3dy mM0zg xaNBoL 30MMea398d0, 0bBOJGNG (3bmzgmgdmab
Jg5M980bsl, ©gbnm ©sbgama bymalb L3nl 8@ gdol MomEgbmds LaMbAMbme
d93(3069049m0s, o3 dodobs s dgmmzgal godmngfmgdal 3560d69bgmos.
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III. 3. 3amgndoyMo 3565398 Mgdab F9e35L935 336bbgs393mmo bLoMorymab sy
356600g80b Mg54(3098000 353mb3ggmem g3bagmagbaca bEMgbab as63z0msMgdab
Lbzasbbgs 9@s3bg LagEgm s by 3MbGMMEm 30Mnsa393d0

11.3.1. domgndogmn 356539@Mgdalb 3mb(396@Ma300L 3obLsBEgMs Lobbemals 3ees-
B3390 33E0MH0 M3005(330000 Mgd7(30900L 353mMAMdaggds — 3063E3n(39d0bs s
M0 5d@omco aobMowgdal Mgsd00l ghomodOmmmo 14 omosba @qbBoMgdals
3960medo LaEgm ©d LogmMbEMmMEM 30Mmsg39330

bagamgso ®gdab 3oMzgm Loggbn@mdy GLodmagbnGo LEMgLbOL gobzomsmy-
dob Lbzomabbzs 9@o3vy, asbbbzsggdmma Lomommob 94b3gM0896@NL dnMmmdgd-
do 3930bbagemgo 30Mmoa3980L J(393000 35R39698mmadn mE Lbgsewabbzgs dagfam
353001056989 Ddg (89@HMbm3n — 235, Gmbo — 500 3i3) s@omFo asbMowgdals
95d300b go3m3Mdaggds — aob3d @ 30(3905Ls s MM0 sBoNMn gsbFnwgdol Mgs-
J300b gfmmmmmo 14 emosbo &qbGoMgdal 3gMommdon. 33emg30L dgmeyg Lagqb-
26D, LEMILAL asbz0mMgdal bsdngg 9&e3dg (LGGILaMdal d93wga) 0b@>]-
& s LEOGLoMgdNm FoMMog3goL RomBoM©om 393083300 (ongmg%oob
9398), Lobbeol 60393930 Jgacmzomo aym domdodom@o 3o6sdgBMHgdal 3mb(396-
&M3300L 35bLsbadM3Ms.

99b3960896@ 0l BLzgEmmdobsl LEMgLOL asbgomamagdals Ladogg g@s3dy —
0b@od@ Mo o LBHLaMgd MmO F0GHMoa3980L (Lozgmo, LszmbBHmEm) Labb-
mal 3moDdsdo gobobodmzMms domgodom@o 3061539980l (3mGHE0bmmo, gemv-
30Bs, Jeamqb@gMobo) d93(339cmmdo.

0b6@ogd@ Mo 30Mmag3980L Lobbemal 3mabsdn 3mGEdMEOL, a9 3mbo-
Lo s Jmemgbdgmnbol Mommgbmdmogn dsh39698mgdn dgbadsedobow 28 3dmen/
(£1,9), 2,8 33mem/em (+0,8), 1,4 ddmen/em-b (+0,1) 9003960 (bFHaema.6. bys.12).

sbFoena. 6. domgodommo 8sh39698emgdal LGS NLEIHM0 Bgnsbgds GLadmagbnma
LEMgLOL gobgomaFgdal Lbgswsbbgs g8e3dy LozLgm 30Mmsy3953n

3MEGobdMeno aerggmds Jeegb®gFnba
2833930 b3 SD P Y] SD P Y] SD P
0B@sgdn@o | 28 1,9 2,8 0,8 1,4 0,1
19830 38,4 9,0 0,004 4 0,7 0,004 1,7 0,5 0,009
11 930 33,5 3,5 0,001 3,7 0,4 0,001 1,6 0,5 0,09
11 B30 43,5 9,2 | 0,0001 3,8 0,4 0,003 1,7 0,2 0,002

3oMggem 639600 30dmnbosbgdgmbg —  Fgmmbmddy  of@oyn  asb-
0 d0l Mgodz00lb godmdydsggdabs s aob3@3go(zgdalb 393wy ™Mozg Kxa-
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30l 30600839330, 0689dE M (36M39madmsb gemgdabsl, Lobbmolb 3msbdsdn
LESGLE NN LaMBINbme gsdMEaro nym 3MEEBG DMl (38,4+9,0; P=0,004
(boG(g.); 38,8+ 6,8; P=0,004(bodm6@.), ae3mdobes (4 + 0,7; P=0,004 (boGgQ.);
3,9+0,4; P=0,002 (bodm6®.)) 5 dmeagb@gmabols (1,7+0,5; P=0,009 (boGgQ.) 3mb-
3968 Ms(300b 85R39698mgd0 (gbFaema 6 @3 7). LogMBGGHMM™ xamxndo Jmemgb@gm-
0bol 3mb(396@Mo(300L (1,640,2;P=0,01) 35B39690em0l LoMBIMbmo ImMBo@qds o6
500603693m@s (3bFHaema.7).

dgmeg dagfnom 3530basbgdgmbdg — BMbDg, Mo megws(33000 Mgadzonb
a53m3ndaggds — 30638 30(3900L 3gMommal 393maa, 0b6GsdENM (3bM3gmgdmab
390056 980bsl, Lobbemal 3mseddsdn domjodom@o dohzgbgdmgdol Mommgbmdmag
(33e0gdg8L  3gmbrs saomn: 390dme, LESGOLENINMsE LsMbINbmo asnb-
0MEs  3MmMEB0dmEobs (33,5+3,5; P=0,001(b0(3gg.); 33,1+3; P=0,007(b03m6@).))
s am93mdob (3,7+0,4; P=0,001(bo(3gg.); 3,7+0,4; P=0,008(bo,3m6@.)) 3mMb(396-
&m5(300b 35B39698mgd0. beaemm 30639 30Gmdoo bogbsmmsb (3@ HmbmBn-23(3)
Jq5M9d0bal, M0 megs330m0 Mgod300L 35638 30(3980L 3gMomenl 393w
Jooemgb@qeobabs (1,6+0,5; P=0,09 (bsze.), 1,4+0,2; P=0,3 (Lojmb@.) s gemv-
3ol (3,7+0,4; P=0,02) (boeg\).), (3,7+0,4; P=0,01) (bodeS@.) 3mMb396@Ms(300L
358396930l DAEOL LaMmbINEm gsbbbgsggds o6 5nb0dbgdmms (FbMagma. 6 s 7.
bey.12 o 13).

sbFoema. 7. domgodommo 35h3960dmgdal bLGe@obENMM0 dgxsbads BLodmagbymn
LELOL gobgoMaFgdal Lbgswsabbgs g8s3dy Lagmb@Fmmmm goMmog3qddn

3mBGobeena aerggmds Jmengb@gFobo
2833930 bs3 SD P bo3 SD P ;] SD P
b@sgeata | 28 1,9 2,8 08 1,4 0,1
I 58530 38,8 68 | 0,004 3,9 04 | 0002 | 16 0,2 0,01
II 58530 333 3 0,007 | 37 04 | 0,008 1,4 0,2 0,3
Il ggs3a | 315 2,7 | 0,005 3,8 05 | 0,005 1.8 03 0,002

&mMbbY 5@ asbMowgdal Mgodznol gedmdndaggds — aobd@3o(3gdnbsb,
39@MMbM3msb dgamgdom — bogmbEMmemm g3ofMmegzgddo godmagggoms domdjodo-
@& 3oA39698mgdl ImMolb mEMmogMmmsbsgsMombomo (33momagdgdo, 3mME0bdm-
mab 3mb(396@&Ma(300L 3ohggbgdgmo (33,1£3; P=0,007) LaMB3NbmE 53306 gdgemo
aym, boem bazogm goMomsgzgddo — bsgmb@mmmm (3bmggmgdmsb dgmsmgdoom
3mOG0bdmmabs (33,5+3,5; P=0,08) ©s aemy3mbob (3,7+0,4; P=0,08) 3mb(396-
&Mo300b 3oh3g969dmgddn (33enmgdgdo o 5¢0b603693m@s (L. 12 @s 13; (sbFaema.6
@ 7). Joemgb@gfnbolb 3mb396@Ma(300L 8oR396909m0 Ls3MbGMMEm goMmag3gddo
Laogm 30Mmsea398meb dgmamgdom mEbsg dgdsotMgdamo oym, g.0. Lozogmo
5 Ld3MbGMMEM goMmog3gol domJodon® 3s(s398Mgddo, 94b3gMndgb@nl o3
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9&93bg PPN0gHNMbsRIMEMIoma (33m0mgdgdo 36 5060dbgdmes (bagmo. 6
© 7; by.12 o5 13).

35d5bo@ady, dg@MmmMbmIdy s GMbDY od@onmn asbMowgdal Mgadznol ao-
dmB3o398s — 9638 30(3980L 39Gom@do (mengg xampob — bLogdb3gMmdgbBm
3060533930b), Lobbmol 3msb8al domdo8aymn 3565898 Mgd3n MMongBMMSbs-
ROMEM0m0 (33e0emqdqd3s dmagzze 3MOENdmmabs s amy3mbab dshgz9698emals
LGGAbGOFNMe© LambBInbm (P=0,001) BH©s, bmmm Jmmmgb@gMnbols 3o6537-
&Ml 3mb(306@M(300L (33emgdals 83 9@o3dy Lambanbm gsblbgeggds o6 3dmb-
©o.

9600 (3006 306353cmmd3n, M0 5@ Mo asbMngdal Mgsdisonl GgbGoMg-
30l 393093, 068934 & M (36M39mg80sb Fgemgdobsal, mMngg xamBob goHmseg39d-
do 3mOHG0dmmob (43,5+9,2; P=0,0001 (boggg.); 31,5+2,7; P=0,005 (boJMG@.),
a3mdobs (3,8+0,4; P=0,003(bo(s0.); 3,8+0,5; P=0,005(bogmb@).) s Jmemgl-
&gM0bol (1,7+0,2; PZO,OOZ(boGQ.); 1,8+0,3; PZO,OOZ(boJMG@.)) 3Mb(396@®s(3000
3560398 Mqd0 LGB ALENFNMe© LsMBINbmE 0ym ImMBs@gdmo (EbFamn.b s 7).
35638 30(39099m0 0035330000 M754(30980L 3gMMEEMSE gamgdobal 3o, Lacs-
Iy 30600339880 LaMBINbm© omomn oym 3mBEGndmmal (43,5+9,2; P=0,004)
3m6(396@Gs(300L 35B396939em0n, gemu3mbabs (3,8+0,4; P<0,1) s Jmemgb@qenb-
ob (1,7+0,2; P<0,1) 85R39693mqd80 Lo@MB3mbm aobbbzezqdgdn o6 smnbndbgdmas
(bey@.12. gbGarma6). 9db39M03g680L o8 g8o3dg Logmb@MmEm z0Mmsg39ddn -
b0dbmo 356839890 0b6@dJ&ME (3bmzgmadmab dgsmgdabslb Lamb3mbmm nym
ImBo@gdamo ((3bFoman.7). s3Gogsm, gfon (300l as63s3mmdsdn, Mo 5@ ommo
3356M0@gdol Mgod3006 Bgb@nmgdabsl, mMngg xanxBb goMmsgszgdda dgndhbggs
domgdodogmo 356539 Mgo0l YMmngMmmabogstmomdomn (33moemgdgdo: 3oMggm
dagM0m 353m0b0sbgdgmdg od@onmn asbMowgdol Mgodznolb asdmdndsggds —
35638 30(3960L5L S M0 M30(33000 Mg54(30900L godmIdaggds — asbdG3o3g-
3ol 3960mEmsb dgatgdabsb, LEGs@bEngnMom LambInbmo aym dmds@gdmemn
3MOE0dmmab, gm3mbol ©s Jmmgb®gcnbol 3mb396@@a300b dshg969dgemo.
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0330 IV. 33emg30b d90093980b g56bagmzs

dMog5mMo3bmgabo  3mobognmo s 9db3gMndgb@mmn 33mmg39d00 ©OLg-
boemns, M3 bgMzmmo  LobBgdab 3MBEMMML  ©sg399wgdsMgdYmo 538~
G0 babosmalb Mgagios gdbsbyMgds & dobsbl: 1) QBONb3gmymb  Lob@gdal
»MO3560B30 — goMg3mb” LB NEMSS s 2) 3906smRmbmb ;mgnor ByMgmo
LbE 3L BB 30MBaMgdals BrmEm3senyn Mggado, 0d 3gdsbodgdals 3M33mgdLbol
Bysmmdom, Gm3mgdoz bONbzgmymzgb mMasbnbdol damemdsl — 3mdgm-
LEODL. 3MBgMbESDAL Fgbbogms BoMdmawagbl Mmsbadgmmmgg dommmanabs s
3903060 gFc-gfo doegMglb 3Mmdmadalb. 3m3gmb@abolb (36988 5ebadbagl
ot dbmmme MmMasbod3ab Lbgswabbgs gobommmanygo 3mbLES6ENL (36mdag
3900803mdab, 86Msdge dmo303L Bobommmaonmo Mged(30980L sE3@s(300Ls s
3MMME0bs(3006 3GM(39L93L, HMBmgdas NBGHNDb3gmYMRBg6 MEAS6nDB3b gFmas-
Bmdal, Bmam@y bem@mdsy@ 30mmdgddn, sbggg doma sMbgdmdals 3ommdgdal
39(33m0bab. mMaobad3al LGEYIE NSl s FMbI30900L gMNSbMdal dgb-
shmbgdodn dmagatn Mmman g39mzbolb bgMgmm o gbomzmabam bob@gdgdl.
bgzmmo LobEgdob dmd8gmgds 0b3g3Lb gbm3MEbyma KoM 33madabs ©s 3939~
&M 316309800 300G gdsl, Moy dofMamsmaw 1dHNbggmymal gomg-
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FOREWORD

The monographic research “Development of Psychogenic Stress —Biochemical
Analysis of the Organism” is based on our empiric researches and observations
at the laboratory of the Department of Behaviour and Cognitive Functions, Iv.
Beritashvili Institute of Physiology. In the process of the study and research,
at the targeted recommendations by the research adviser prof. Mikheil Khanan-
ashvili, our scientific interest has broadened in various directions. Naturally, as
a result of the research, we received diverse material which requires years of
observation, thinking and analysis. A part of the results of the study is reflected
in our thesis paper ,,Changes in Immune and Biochemical Indicators at Different
Stages of Development of Psychogenic Stress in Lewis Rats” (2008), as well as
in the monography published in 2013 and so, today we offer the further stage of
observations and analysis of empiric research results to the readers in Georgian
and English languages. The monography was ready as early as 2019. It includes
the advices and recommendations of the editor the late Prof. Sulkhan Tsagareli.
However, due to the world Covid-19 pandemic, publishing of the book was tem-
porarily delayed.

Our academic advisor and mentor, Prof. Mikheil Khananashvili deceased before
the pandemic, on the 2th of December 2018 and our teacher and older friend,
Prof. Silkhan Tsagareli deceased on 22 of August 2021.

I dedicate this work to the memory of both of our dear teachers, professors
Mikheil Khananashvili and Sulkhan Tsagareli with a feeling of deep gratitude.

Lali Aakhaladze
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From the editor

Lali akhaladze’s first monography “Changes of Biochemical Values at Various
Stages of the Development of Psychogenic Stress” was published in 2013. After
that the author has broadened observations in the field of determination of the
effect of psychogenic stress on behavioural reactions and adaptive indicators of
metabolism. The author has added new data and materials and offered it in a form
of the present work in Georgian and English languages.

One of the most essential problems of modern biology and medicine is the study
of orgaism adaptation to permanently changing environmental conditions and
homeostasis of metabolic processes. We live in the environment of frequent lo-
cal wars, geological shifts, floods and earthquakes, blasts, air accidents climatic
changes, when the number of physical traumas is increased. Stress has signifi-
cant effect on the nervous system, mental disorders are more widespread by the
influence of psychic irritator, the number of psychogenic stresses has increased,
affecting brain functions, in particular, memory, motivation, emotion, when it is
hard for people to make decisions.

The monography belongs to the number of fundamental researches and the results
received widen the scientific opinions regarding behavior and metabolic process-
es of animals. The aim of this work is the study of the effect of psychogenic stress
on behavioural reactions, metabolism and adaptive indicators. The results of the
research are important for practical medicine, prophylaxis and prevention of the
diseases which may develop as a result of stress inducing influence.

The monography will be of great assistance for the reader interested with this
topic.

Editor: Prof. Sulkhan Tsagareli
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Introduction

One of the most essential problems of modern biology and medicine is the study
of organism adaptation to permanently changing environmental conditions and
homeostasis of metabolic processes. The end of the 20" century and the beginning
of the 21% century was marked by wars, air accidents, car and railway accidents,
earthquakes, floods and other cataclysms. Both, physical traumas and the shifts
caused by such traumas, as well as a lot of other stress factors appeared, caus-
ing psychical traumas (stress) and significantly influencing the neuroendocrine
sphere. The question of research and study of psychogenic stress, its causes,
the mechanisms of its development are of great importance. Psychogenic stress
is caused by the influence of the specific psychical irritators, which primarily
have effect on the brain functions, such as memory, motivation, emotion, deci-
sion-making process, etc. First of all, the protective, self-regulatory and compen-
satory mechanisms of the body take action, providing the process of optimization
of the gven psychical functions (1,2)'. The nature and results of the development
of psychogenic stress depend on the individual characteristics of the nervous
system. The latter is formed by innate mechanisms as well as environmental con-
ditions, in which the body is developing.

Any stressful influence causes body response, at its any level — from cells to the
general system controlling body functions (3,4)*. Responses develop in response
to the influence of stress factors, which have systemic nature, functional chang-
es in any tissues are observed (5,6)° All the hemostasis systems are mobilized,
among which the most important are the nervous, endocrine and immune sys-
tems. Secretion of hormones and biologically active substances actually mean
the beginning of the reactive stressed state syndromes controlling any circulatory
and metabolic processes of the body (6,7)* which finally causes adaptation to
changed environmental conditions (8,9)°.

Reactions of nervous and endocrine systems are one of the most significant as-

1 Devidze N. - Behavior of rats in the conditions of psychogenic stress and their pharmacological correla-
tion. PhD Diss. Tbilisi, 1998. Khananashvili M. M. - Psychogenic stress: Theory, Experiment, Practice. -
Vestnik, Russian Academy of Medical Sciences, Moscow. Medicine. 1998. pp.13-16

2 Garkavi L. Kh. Kvakina E. B., Ukolova M.A., - Adaptive reactions and resistance of the organism —
Pocmos, publishing house of Rostov University. 1979. P.126. Zilber A.P. Tsanava G.M. - Essays of Clinical
Emergency Medicin— Tbhilisi. Sabchota Sakartvelo. 1982. P.368

3 Meerson F.Z. — Adaptation, Stress and Preventive Treatment — Moscow. Science.1981.p.278. Ju. Shuteu,
T. Bendile, A. Kafritse and others —Shock Terminology and Classification. Shock cell. Pathophysiology and
treatment. — Bukharest. 1981. p.515.

4 Ju. Shuteu, T. Bendile, A. Kafritse and others —Shock Terminology and Classification. Shock cell. Patho-
physiology and treatment. — Bukharest. 1981. p.515. Rosin Ja. A. - Function Regulation — Moscow. Science.
1984. p.172.

5 Kassil G. N. — Organism internal environment, Moscow. Science. 1983. p.224. Selye H. — Stress without
distress — Moscow. Progress. 1982. p.127.
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pects of the study of the stressed state pathogenesis. At first, the hypothalam-
ic-pituitary-adrenocortical axis is involved in endocrine reactions, and as a result
of their activation, glucocorticoids are discharged from adrenal cortex: cortisol
and corticosterol. Continuous abundance of cortisol causes stronger synthesis of
glycogen in muscles and decrease of oxygenation of glucose in the tissues, which
represents one of the reasons of hyperglicaemia. Increase of blood glucose is
also promoted by lipolysis, which is also strengthened by the effect of cortisol.
Cortisol also prevents reabsorption of glucose in renal tubules (10)°, which is
accompanied with appearance of glucose in urine (glucosuria). After that comes
sympathoadrenal system, activation of which causes secretion of adrenalin from
teleneurons and adrenal medullae to central structures and blood (11)’, Physio-
logical reactions (responses) to the initiators of stress (stimulator), increase of
blood pressure, palpitation, fever and ACTH concentration increase, interacts
with the activation of sympathetic nervous system, indicating the increase of
the tolerance of protective and self-regulatory mechanisms of the body and are
considered biologically positive adaptation reaction increasing the tolerance of
the body to various pathogenic factors. The changes in the metabolism of glucose
and fats caused by the influence of stress may lead to the development of dia-
betes mellitus and cardiovascular diseases. Many scientists are interested in the
topic of stress and by today it is still essential. In many cases, the term “stress”
is widely used as a factor causing biologically negative, dangerous, unwanted
condition, certainly requiring treatment. The most important role of the stress for
the body is its protection from the effect of strong irritators, therefore at this time
attention should be paid to the involvement of those revealed mechanisms caus-
ing increase of the level of tolerance of the body to the stress factors dangerous
for health (12)%.

While numerous experimental studies were conducted, the data about the influence
of stress, metabolic changes, behavioral and emotional indicators, caused by
various types of stress irritators of psychogenic stress, changes of biochemical
(cortisol, glucose, cholesterol) processes in the body (blood) at various stages of
stress development have not been studied.

During the study of central mechanisms of self-regulatory behaviour at the stage
of psychogenic stress development, we determined the metabolic changes, values
of adaptation hormone cortisol and carbohydrates and lipid hydrates exchange in
the conditions of the experiment of different complexity. Therefore, determi-
nation of central mechanisms of behavior, metabolic and hormone values in the

6 Bazarnova M.A. — Hormones in the norm and pathologies // book.: Manual on Clinical Lab Diagnostics.
Part 3, Cinical iochmistry/edit.: M.A. Bazarnova and V. T. Morozova, Kiev, Zdorovia, 1986. cp5-64.

7 Mason J.W. - A review of psychoendocrine research on the sympathetic — adrenal medullary. system.
psychosom. Med. 1968, v.30, p.631-653.

8 Khananashvili M. - Informational Stress. National Aacademy of Sciences of Georgia Publishing House,
Thilisi, 2008. pp.21-26.
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conditions of psychogenic stress is not just significant but timely as well.

The purpose and goal of the study: The aim of the study is identification of
self-regulatory behavior components of brain action, determination of the regu-
latory nature of the appearance of the acts of behavior by unfavorable combina-
tion of the factors of “Informational triad” (at various stages) in the conditions
of psychogenic stress and their influence on the adaptation indicators of metabo-
lism. In order to reach this goal, the following objectives have been set:

At the first stage of the stress — (working out and establishing active avoidance
reaction and its establishment per Metronome — 2 Hz) — we have learnt the emo-
tional state of the animals by “open-field” and “proconfict” test ad determined the
values of cortisol, glucose and cholesterol in blood.

At the second stage of the stress — (working out and establishing active avoid-
ance reaction and its establishment per Tone — 500 Hz) — we have learnt the emo-
tional state of the animals by “open-field” and “proconfict” test and determined
the values of cortisol, glucose and cholesterol in blood.

At the third stage of the stress — (“joining” two active avoidance reactions
within 14 days, their simultaneous testing by random sequence — according to
Gellermann stochastic program) — at this stage emotional state of the animals was
also determined by means of “open field ““ and “proconflict” test as well as blood
cortisol, glucose and cholesterol.
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Chapter 1.
Effect of stress on biochemical indicators of the body

The question of body adaptation to constantly changing environmental conditions
is one of the most essential topics in modern medical and biological sciences.
Reaction of the body to the aversive effect depends on both, the individual
characteristics of the nervous system (genotype) and the type of the effect. Walter
Cannon (13)° was the first to mention that the body responds similarly to absolutely
different physical and psychic influence as it discharges adrenalin from adrenal
medulla. According to Cannon, the effects causing secretion of adrenalin in
blood, prepare the body for a fight associated with fear, rage and pain. According
to the modern opinions, adrenalin and noradrenalin are basic mediators of the
sympathoadrenal components of stress response and they are the main factor of
urgent mobilization of the protective forces of the body- in order to restore the
imbalance, i.e. the change of the environmental conditions do not cause serious
disorder of physiological processes due to the complex of mechanisms providing
stability of the body - homeostasis (14, 15)". The study of homeostasis represents
the main problem of modern biology and medicine. The term ‘“homeostasis”
means not only known constancy of various physiological constants of the body
but it also involves the processes of adaptation and coordination of physiological
reactions providing the unity of the organism both, in normal conditions and
during the change of existential conditions. Nervous and endocrine systems play
the main role in maintaining a unity of the structures and functions of the body.
The action of the nervous system activates the functions of endocrine glands,
providing body adaptation to the effect of environmental conditions.

The pupil of Walter Cannon, a Canadian scientist, Hans Selye, has developed a
theory regarding stress (Stress- tension). According to Selye, stress is a unity of
organic and functional changes developed during any effect on the body (16)".
Later on, he would mention that stress is “nonspecific reaction to any action of
the environment” (17)™2.

Stress is inseparable part of everyday life. Psychological and physical stressors
cause physiological changes of the body, disrupting hemostasis. In order to
restore hemostasis, several physiological mechanisms will be involved which
are known under the name of “alostasis” (14, 18 )"* Although, after the disruption,

9 Canon W.B. - The emergency function of the adrenal medulla in pain and the major emotions Am. J.
Physiol. 1914. V.33. P. 356-372.

10 McEwen B.S. Wingfield J.C., - The concept of allostasis in biology and biomedicine. Horm. Behav. 2003.
43. P. 2-15. McEwen B.S. - Stress adaptation, and disease. Allostasis and allostatic load. ann N.Y. Acad.
Sci. 1998. 840. P. 33-44

11 Selye H. - Stress and the general adaptation syndrome, BMJ1, 1950, p. 1383-1392.
12 Selye H. - Stress withaut distress. — N.Y., Holder and stoughton, 1974. P.178-192
13 McEwen B.S. Wingfield J.C., - The concept of allostasis in biology and biomedicine. Horm. Behav. 2003.
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biological function returns to the “norm” or baseline state. Stress may have
prolonged effect on an individual. Specific stressors (eg.; exvess space, training,
etc.) activate general neurological and physiological network (16). Various
types of stressors do not necessarily cause parallel biochemical and physiological
changes. Specific stressors cause differential physiological responses, including
patterns of brain activation (19,20) "immune reactivity (21)' receptor expression
(22)"7 neurotransmitter secretion (21)'®. According to Selye, the leading role in
developing stress reaction belong so the neurohormonal, in particular pituitiary-
gonadal system. It is shown that psychogenic factors are also strong activators of
endocrine system. As a result of their action, the level of “stress-hormones” such
as the concentration of adrenocorticotropic hormone (23)* and corticosteroids
(24, 25,)* noticeably increases, significantly affecting brain irritability (26, 27 ).
However, after several decades, on the basis of his own observations, Selye did
not deny the importance of nervous system in the formation of adaptive response.
He named the hormones which are actively involved in realization of stress
adaptive. He considered psychical factors to be stressogenic irritators (28)>.

Selye named the nonspecific protective-cumulative reactions created during
stress a general adaptation syndrome, the development of which is revealed in the
form of the reactions of: 1) alarm (Anxiety), 2) resistance and 3) exhaustion

43. P. 2-15. Dhabhar FS. Satoskar A.R. Bluethmann H. David J.R. McEwen B.S. — Stress — induced en-
hancement of skin immune function: A role for Y interferon. Proc. Natl. Acad. Sci. 2000, USA 97, 2846-2851.
14 Selye H. - Stress and the general adaptation syndrome, BMJ1, 1950, p. 1383-1392.

15 Dayas C.Y. Buller K.M. Crane K.W, Xu Y. Day T.A. - Stressor categorization: acute phys-
ical and psychological stressors elicit distinctive recruitment patterns in the amygdala and in
medullary noradrenergic cell groups, Eur. J. Neurosci, 14, 1143-1152. 2001. Reyes T.M. Walker
J.R. Decino C. Hogenesch J.B, Sawchenko PE. - Categorically distinct acute stressors elicit
dissimilar transcriptional profiles in the paraventricular nucleus of the hypothalamus J.Neurosci.
23,2003, 5607-5616.

16 Pacak K. Palkovits M. — Stressor specificity of the central neuroendocrine responses: implicetions for
stressrelated disorders. 2001. Endocr. Rev. 22(4), 502-548.

17 Ghi P. Ferretti C. Blengio M. - Effects of different types of stress on histamine — H3 receptors in the rat
cortex, Brain Res. 1995, 690, 104-107.

18 Pacak K. Palkovits M. — Stressor specificity of the central neuroendocrine responses: implicetions for
stressrelated disorders. 2001. Endocr. Rev. 22(4), 502-548.

19 Bartanusz V, Jazova D. Bertizi L.T. Tiders F.J.H. Aubry JM , Kiss J.Z. - stress — induuced increase in
vasopressin and corticotropin — releasing factor expression in hypophysiotropic paraventricular neurons.
Endocrinology. 1993, v.132, p.895-902.

20 Bruhn T.O. Plotsky PM, Vale W.W. - Effect of faraventicular lesions on Corticotropin — Releasing Fac-
tor (CRF) — like Immunoreactivity in the STalk — Median Eminence: Studies on the Aolrenocorticotropin
Response to Ether Stress and Exogenous CRF//Endocrinology — 1984. y. 114, Nel, p.57-62 . Akhaladze K.,
Khananashvili M.— Changes of glucose and cortisol idicators when testing the reactions of diffent difficulty.
Sukhumi State Uversity Works XIV. Series of Natural sciences. Thilisi 2016 pp. 143-154

21 Mason J.W. - A review of psychoendocrine research on the sympathetic — adrenal medullary. system.
psychosom. Med. 1968, v.30, p.631-653. Walker C.D. Sapolsky R.M, Meaney M.J. et.al. - Increased pitu-
itary sensitivity to glucocorticoid feed back during the stress nonresponsiwe period in the neonatal tat//
Endocrinology, v.1996, Ne4, p.1816-1821.

22 Selye H. — Stress without distress — Moscow.Progress. 1979. p.124.
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(depletion). Each of them is characterized by chronology, biochemical
physiological and morphological characteristics (17)*. Involvement of adaptation
syndrome is preceded by development of initial shock, during which resistance of
the body decreases sharply, which is followed by the stage “f “ “alarm”(anxiety);
It is characterized by the disorder of internal organs (for example, gastric ulcer,
appearance ofnecrotic lesions in the thyroid, change of blood composition, increase
of'adrenal gland). These events can be so strong that they may become dangerous
for life. However, if the body has overcome this “danger”, then the second stage
of stress reaction develops, named by Selye as the stage of “resistance”. At this
stage starts mobilization of adaptive mechanisms, the changes developed in the
previous stage disappear. This stage is characterized by increase of resistance to
stressors. However, if the action of the stressors does not subside, the stage of
“exhaustion’ (depletion) of stress reaction begins and the adaptive resources of
the body are depleted, specific and nonspecific resistance decreases, degeneration
and atrophy of body organs begins. This stages is called a secondary shock,
which can even cause death of the organism. Selye considered the first and the
second stages mentioned above to be adaptive changes and he called the unity
of these stages eustress and he united the events which take place in the study
of exhaustion under the name “distress”, which he considered as a pathology.
Therefore, all the three stages of General adaptation syndrome determine not just
the biological state of the body but general balance of changing processes.

Many scientists got interested by the topic of stress and it is essential topic even
today. In many cases, the term “stress” is generally used as an implication of
a biologically negative, dangerous, undesirable condition, which of course,
requires treatment. While stress is significant function for protecting the body
from the action of strong irritators, it is necessary to pay attention to the functions
revealed during stress, which cause the increased level of resistance of the
body to dangerous stressogenic factors (12)*. The role of stress is confirmed by
development of many diseases and pathological processes. Stress facilitates
occurrence of ulcer and hypertonic disease, or worsens their development, as well
as emergence of atherosclerosis, disorders of cardiac structure and functions. (29,
30, 31)%.

A large number of scientists considers stress to be biologically positive, adaptive
integral reaction increasing the resistance f the body to various pathogenic

23 Selye H. - Stress withaut distress. — N.Y., Holder and stoughton, 1974. P.178-192

24 Khananashvili M. - Informational Stress. National Aacademy of Sciences of Georgia Publishing House,
Thilisi, 2008. pp.21-26.

25 Van Der Does FE, De Neeling JN, Snoek FJ, Kostense PJ, Grootenhuis PA, Bouter LM, Heine RJ: -
Symptoms and Well — being in relation to glycemic control in type Il diabetes, Diabetes Care, 1996, 19,
204-210. Kemmer FW, Bisping R, Steingruber HJ, Baar H, Hardtmann F., Schlayhecke R., Berger M:
- Psychologycal stress and metabolic control in patients with type I diabetes mellitus. N. Engl J.Med.,
1986, 314, 1078-1084. Horizontov P.D. Belousova O. I. Fedotova M 1. - Stressand Blood System, Moscow.
Medicine. 1983. p.20.
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factors (32, 33,)*. According to Mikheil Khananashvili, taking into consideration
biological importance of classification of psychogenic stress, a biologically
positive psychogenic stress is normostress — a psycho-biological condition
expressed in continuous tension of psychic functions. It facilitates adaptation to
life conditions in order to provide optimal condition of the psychic functions of
the body in constantly changing environment. (12)*.

The reasons causing stress are diverse, radical change of environment can be
considered to be a reason for the stress of the body itself as well as for its psychic.
The effects causing stress are considered stressors. When creating classification
of stress, not one but several indicators (characteristic features) of the event are
used, dues to which the frame of classification widens.

According to Khananashvili, in the classification of the reasons causing stress,
there can be distinguished two basic forms: physical (non-psychogenic)
and psychologic (psychogenic) stressors. Physical stressors (high and low
temperature, a trauma, strong physical training, etc.) have direct effect on the
body, organs, tissues. Depending on which group of events psychogenic stressors
belong, the reason causing stress can be: the psychogenic stress caused by
physical (which theoretically implies any irritators of non-psychic origin) and
psychic. Psychic factors cause psychogenic stress. The irritators causing it are:
a word (“verbal stress”), conditioned response signaling (“conditioned response
stress”), psychoneurotic stress (a stress controlled by a symbol), accompanying
psychogenic signaling (subconscious action of the brain — psychogenic stress)
(12)®. Whatever the reason of the stress, it manifests itself similarly, with the
exception of the initial reaction of the system (receptor, organ) which is affected
by stressogenic action, so what is the so called “entrance gate’ of the factor
causing stress in the body? (34)*. The biological meaning of psychogenic stress
expresses two different conditions: positive and negative. They are caused
by different mechanisms, different brain systems and these conditions are not
interchangeable, i.e. they are not the stages of one another (12)*. A psychogenic
stress is caused by physical factors, first of all the mechanisms affecting higher
brain functions are strained, such as memory, motivation, emotion, decision-
making process, etc. In this case, the gate of the stressogenic factor is the brain
which can involve stressed condition of various systems: endocrine, immune,

26 Valdman A.V, kozlovskaya M.M. Medvedev O.S. - Pharmcologica regulation of emotional stress. M.
Medicine. 1979, p.359. Jhukov DA. - Stress psychogenetics. Behavioural and endocrine correlations of
genetic determinants during an uncontrolled situation. St. Petersburg. 1997. p.150.

27 Khananashvili M. - Informational Stress. National Aacademy of Sciences of Georgia Publishing House,
Thilisi, 2008. pp.21-26.

28 Khananashvili M. - Informational Stress. National Aacademy of Sciences of Georgia Publishing House,
Thilisi, 2008. pp.21-24.

29 Khananashvili M. M. - Book: Patophisiology. moscow. Tomsk Uives=rsity Publishing House, 2001.
p.683-704.

30 Khananashvili M. - Informational Stress. National Aacademy of Sciences of Georgia Publishing House,
Thilisi, 2008. pp. 19.
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cardiovascular, digestive system, discharge system, etc. it is also important that
the stress caused by psychogenic factors is constantly accompanied by negative
emotions. Thus, secondarily psychogenic factor causing the stress is involved
which, in turn, affects the primary ‘gate’ of the stress initialization, accompanied
by the development of the picture characteristic of stress (2,34)*'. Mass appearance
of psychogenic stress is caused by a high flow of information, although the
increase of information, its accrual itself does not cause the stress: human brain
can perceive and process vast amount of information, in certain condition, huge
flow of information can turn into a strong stressogenic factor and may cause a
disease which was named by Khananashvili in 1975 as “Informational neurosis”
and afterwards used it in a broader sense as “Informational disease” (12, 35)*.
Informational stress is a form of psychogenic stress and is caused by three factors,
causing informational disease. These factors are: 1) amount of information, 2) the
time necessary for processing information and making decision and 3) level of
motivation for making decision. It is well-known that all of these three factors,
the unity of which was named as “informational triad” is largely the reason
of normal behavior. But in unsuitable conditions, these factors can turn into
stressogenic factors, for example, in the conditions of high flow of information
(or its deficit), chronic time deficit and high motivation for behavior. One of the
forms of psychogenic stress, changes of the mechanisms caused by informational
stress, change the processes in the brain at all levels of brain organization —
from molecular level up to behaviour (12)*. According to Khananashvili, taking
into consideration the biologic significance, the forms of psychical stress can
be divided into two groups: biologically positive and biologically negative.
“A biologically positive psychical stress” plays adaptive role, increases and
strengthens resistance to stressogenic irritators and provides psychic hemostasis.
“A biologically negative psychic stress” causes misadaptation events in the
body, decreases resistance to stressogenic irritators, disrupts psychic hemostasis
and facilitates development of pathology. Taking into consideration biological
significance, such classification of stress is acceptable and quite widespread. We
also use other terms to denote it: biologically positive — “physiological stress’
and biologically negative “pathological stress* (12)*.

The pain as the irritator of psychic factor, mobilizes protective mechanisms which
are interconnected by compensatory — adaptive reactions and the latter is aimed

31Khananashvili M. M. - Psychogenic stress: Theory, Experiment, Practice. Vestnik, Russian Academy
of Medical Sciences, Moscow. Medicine. 1998. pp.13-16; Khananashvili M. M. - Book: Patophisiology.
moscow. Tomsk Uives=rsity Publishing House, 2001. p.683-704.

32 Khananashvili M. - Informational Stress. National Aacademy of Sciences of Georgia Publishing House,
Thilisi, 2008. pp.21-26. Khananashvili M. M. Reberg G. - Self-regulation of behavior in the condition of
increasing burdens on analytical activity of the brain in cats. Jourm. VN.D.. B.HJ]. 1981. v. 31. Ne4. c.
123-129.

33 Khananashvili M. - Informational Stress. National Aacademy of Sciences of Georgia Publishing House,
Tbilisi, 2008. pp.47.

34 Khananashvili M. - Informational Stress. National Aacademy of Sciences of Georgia Publishing House,
Thilisi, 2008. pp.24-25.
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at not just elimination of the source of irritation but also maintaining hemostasis
(36)*. Mobilization of sympathoadrenal system takes place, providing, in turn,
the condition of readiness for tension and overcoming unwanted condition (37)%.
There are data in the literature that the stress caused by strained mental action is
characterized by increase of blood circulation in the cerebral cortex, in particular,
in the areas, which cause complex psychic function (37)*".

Multiple observations and experiments show that in response to the psychic
factor, in the central nervous system various nervous networks of human
reaction are activated (38)*®, and among them it is important to use two main
systems involved in the realization of stress response. One of them is limbic-
hypothalamic-pituitary-adrenal axis (LHPA) system, and as a result of its action,
glucocorticoids are discharged from adrenl cortex: cortisol and corticosterol.
The second one is sympathoadrenal system (SA), activation of which causes
secretion of catecholamines into from neurovegetative system adrenergic fibers
(nerve terminations) and adrenal medulla into central structure and blood
(39,40,41)*. Highest sections of the central nervous system regulating secretion
of catecholamines 1is located in the areas of reticular formation in the cerebral
cortex, in the areas of fourth ventricle, hypothalamus. Increase of the level of
catecholamines indicates the beginning of reactive syndrome (9)* while adrenalin
is considered to be an accident hormone, it preserves circulatory hemostasis in
critical situation (42)* . It should be noted that noradrenalin is involved in the
self-regulation of the brain on the basis of which various cognitive and behavioral
reactions are developed. The brain noradrenergic system 1is activated as a result
of the effect of stressogenic irritators, when concentrating attention, increasing
movement activity, switching from one action to the other, etc. (41,42, 43)*. In the
event of aversive stimulus, increased movement activity can be a sign of anxiety
and tension which can be relieved by administration of antidepressants and can
in its turn decrease the synthesis and secretion of noradrenalin (44)*. Serotonergic

35 Valdman A.V. - Neural system and hemostasis// Book: Hemostasis// Edited by. P.D. Gorizontova, 2nd
edition — Moscow. Medicine 1981. p.29-73.

36 Fedorov B. M. — Stress and vascular system 1991. M. pp.178-190.

37 Fedorov B. M. — Stress and vascular system 1991. M. pp.178-190.

38 Vermentten E., Bremner J.D. - Circuits and system in stress: I.Preclinical studies. Depress Anxiety. 2002,
v.15, p.126-147.

39 Kulagin V.K.- Pathological physiology of trauma and shock — L., Medicine. 1978. p.296. Meerson F.Z.
- Adaptation, stress and preventive treatment — Moscow. Science. 1981. p.278. Papin L.E. - Biochemical
mechanisms of stress, Novosibirsk. Pubshing House. Science. 1983. p.232.

40 Selye H. — Stress without distress — Moscow. Progress. 1982. p.127.

41 Schulz C., Lehnert H. — Activation of noradrenergin neurons in the locus coeruleus by corticotropin —
releasing factor, a microdialysis study. Neuroendocrinology, 1996, v.63, p.454-458.

42 Papin L.E. - Biochemical mechanisms of stress, Novosibirsk. Pubshing House. Science. 1983. p.232.
Schulz C., Lehnert H. — Activation of noradrenergin neurons in the locus coeruleus by corticotropin — re-
leasing factor, a microdialysis study. Neuroendocrinology, 1996, v.63, p.454-458.  Rozen V.B. - Basics of
endocrynology, Moscow. Higher School, 1980. p.133.

43 Grigorian G.A. - Stress and drug addiction (experiments on animals) Journal of Higher Neural Activity.
2004 v. 54 Ne3. p. 304-319

97



system, which is significantly involved in many functions of the brain, including
emotional processes, reacts to stressogenic effect. It is well-known that increase
of serotonin concentrations in various brain structures of rats takes place during
psychosocial conflict and increase of behavioural reactions (45, 46)*. During a
stressogenic action of special importance is dopaminergic response. Dopamine
represents a neuromediator involved in realization of positive emotions (47)*.
Secretion of large amount of dopamine causes activation of dopaminergic
receptors which causes a sense of pleasure or suppresses fear reaction. Disruption
of the mechanism regulating positive reaction is connected with the insufficiency
of dopamine and decrease of dopaminergic activity. The presence of dopamine
in the brain may reflect the reaction of the body to stressogenic effect. There is
dynamic interdependence between the neurochemical systems of the brain, which
is involved in neuronic regulation system. It is exactly the above-mentioned
system that provides adaptation of the body in stressogenic situation and
represents ths resitance of the body and is one of the most significant components
of central regulatory mechanism. According to numerous researches, the given
mechanism can be considered self-regulatory aimed at increasing organism
resistance in response to the aversive effect. It has certain structural-functional
organization which is reflected in the form of specific psychosomatic reactions
(35, 48, 49)%. The locomotoric self-irritation method used in dogs, has shown the
part of the brain which firstly reacts to pathogenic effect. The given system is
created by limbic brain structures. Among them the first to react is the transparent
septum, after that lateral part of the hypothalamus medial parts of amygdaloid
body and finally dorsal hypocampus is involved. This system is characterized
by high sensitivity. It activates somatic, hormonal, immune and other functional
systems, the activation of which increase tolerance of the organism to pathogenic
effect. On the basis of numerous researches, there was expressed an opinion
that the above-mentioned brain functional system is involved in the protective,
compensatory mechanisms of the regulation and represents a transitory stage
in activation and formation of biologically positive stress reaction (50, 51)*7 .
Various behavioural manifestations of the factors of unfavourable merging of

44 Gardner C. R. - Recent developments in 5-HT-related pharmacology of animal models of anxiety.
Pharmacol. Biochem. Behav. 1986. v.24#5. p.1474. Jakobs B. L. Azmitia E.C. - Structural and function
of the bain sepotinin system. Physiol. Rev. 1992. v. 72. p. 165-229.

45 Blum K. Braverman E. - Holder J. Lubar J. et al. — Reward deficiency syndrome: a biogenetic model
for the diagnosis end treatment of impulsive, addictive and compulsive behaviors. Jour. Psychoactive
Drugs. 2000. v. 32. p.1-112.

46 Khananashvili M. M. Reberg G. - Self-regulation of behavior in the condition of increasing burdens
on analytical activity of the brain in cats. Jourm. VN.D.. BHJ]. 1981. v. 31. Ne4. c. 123- 129. Chikadze
A. - Specifics of regulation of BH]] in the conditions of pathology in cats. Ref. PhD. Diss. Tb. 1990. p.79.
Sudakov K.V. - Emotional stress and psychosomatic pathology. Journal, bulletin. <<Exper.. Biology and
Medicine.>> PAMH. . 1998.

47 Khananashvili M. M. - Psychogenic stress: Theory, Experiment, Practice. Vestnik, Russian Academy of
Medical Sciences, Moscow. Medicine. 1998. pp.13-16. Akhaladze L. Khananashvili M. — Behavioral and
emotional changes at various stages of development of psychogenic stress. Sukhumi University works XII..
Works of Natural Sciences Sukhumi StateUniversity. Thilisi — 2014.pp.100-106,
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“informational triad” (52)* in the conditions of psychogenic stress have been
described and studied (53)¥. It has been determined that in the condition of lack
of a large amount of information to be processed and time deficit during the
increase of the complexity of analytical and synthesizing brain action animals
(dogs, cats, rats) demonstrated self-regulation of experimental time. For example,
in the event of a sharp decrease of the interval between the sample collection, the
time of approaching the feeder and return to the start location is increased by
animals or they avoid time deficit by themselves; such behaviour significantly
increased the time of formation of pathological reactions and in some cases
it totally prevented the development of pathology of higher nervous function
(54)*. If the time factor is strictly determined by the tester, the animals do not
react to all conditional irritators but just to a part of them. Although at this time
the amount of their food decreases, but simultaneously the burden on their brain
decreases (the burden on analytical-synthesizing activity decreased). Due to the
unfavourable combination of the factors of “informational triad” the number of
reactions between signals increases in animals, i.e. they move more frequently
between the intervals than usual. As a result of such behavior, the duration of such
periods precedeing the formation of pathological reactions increases. Sometimes
pathology even does not develop (12)*, cleaning reactions appear (55)%. In the event
of stochastic delivery of conditional signals, animals change the strategy of their
behavior, in particular they react to conditional irritators by except one or they
move to only one feeder. Since stereotype behavior is not characterized by such
emotional tension as during random testing of signals, it is considered a means of
discharge of of emotional tension. Such action like increase of diffuse movement
activity and increased frequency of movement between signals should also be
aimed at weakening emotional tension (56)¥. Such animal actions significantly
increases the latent period of pathology formation and in some cases it totally
prevents the development of the pathology of higher nervous actions (12)*. The
described action is explained as manifestation of biologically positive stress and
behavior reactions reflect self-regulatory action of the brain. Strengthening of

48 Khananashvili M.M. - Theoretic assumptions of start and development of the problem of stress. Ed.
“Journ. Bull. Exp.Biol. and Medic.” PAMH, M.: 1988. p.

49 Gogobridze M. M. - Peculiarities of rat behavior in the conditions of increasing burden on the function
of short-term memory. Materials of the 10th symposium <<Experimental and clinical neuroses.>>. Berlin.
1988. p. 57.

50 Khananashvili M. M. Chkhubinashvili L. G., Mesheriakov V. - Preneurotic conditions and
informational neuroses during the complex integrated activity of brain, ed. Academy of Sc., Georgian SSR,
1976, Nel, p.1-8.

51 Khananashvili M. - Informational Stress. National Aacademy of Sciences of Georgia Publishing House,
Thilisi, 2008. pp.21-26.

52 Gogoberidze M. - M. Peculiarities of formation of short-term memory in rats during various time inter-
vals between sample collecting. Journ. High. Neur. Activ. 1989. v.39 Ne3. c. 393-498.

53 Ghogoberidze M. - Peculiarities of self-regulation of behaviour and neurophysiological mechanisms
of higher nervous activities and information pathology of higher nervous action at various stages in Lewis
rats. Doctoral dissertation. Thilisi, 1994.

54 Khananashvili M. - Informational Stress. National Aacademy of Sciences of Georgia Publishing House,
Thilisi, 2008. pp.21-26.
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the self-regulatory action of the brain should have begun at the pre-disease stage,
when these mechanisms are well expressed. Their targeted strengthening can
play a decisive role in increasing resistance to brain and generally stressogenic
factors of the organism (34, 50). In this way, the symptoms revealed during
stressing do not facilitate deepening of pathology but on the contrary, represent
protective mechanisms of the organism. Therefore, the study of self-regulatory
mechanisms of the brain is significant not only for prevention of diseases, but
also for optimization of brain function. This shows the significance of researches
studying central mechanisms of self-regulatory behavior in the conditions of
psychogenic stress.

Limbic brain structures are particularly sensitive to psychogenic factors; in
particular, hippocampus, amygdaloid body, medial prefrontal complex, , receiving
information from various sensory systems. The intralimbic processes created by
psychogenic factors significantly depend on behavioural reactions. Processing
of the information gathered in limbic structure causes behavioural reactions and
metabolic changes (57)*. Hippocampus and amygdaloid body within the norm
have preventive effect on hypothalamus. After stressogenic action, the given
preventive relation is blocked, which causes release of corticotrophin-release
hormone (CRH) in the paraventricular nucleus of specific neuromediator of
hypothalamus (58)". The given hormone has an effect on the hypothalamo-
pituitary system and regulates the synthesis and secretion of adrenocorticotropic
hormone (ACTH), vasopressin and oxytocin from hypophysis (23)%.

Hypothalamus, by means of its unusual structure, converts the signals coming
from the nervous system into specific slow reactions of the endocrine system. Thus,
hypothalamus should be considered controller of all the hemostatic parameters
maintaining the life of an organism (6, 59)®. All the specific neuromediators —
releasing factors, taking place through the portal system of blood circulation,
are going on in the hypophysis (60, 61)®. Therefore, hypothalamus controls,
stimulates and suppresses by means of the hypophis a number of humoral-

55 Khananashvili M. M. - Book: Patophisiology. moscow. Tomsk Uives=rsity Publishing House, 2001.
p.683-704. Khananashvili M. M. - Psychogenic stress: Theory, Experiment, Practice. Vestnik, Russian
Academy of Medical Sciences, Moscow. Medicine. 1998. pp.13-16.

56 Wiener H. - Perturving the organism. The biology of stressful experience. Chicago: University of Chi-
cago Press, 1992. P34 - 42

57 Nemeroff C.B. - The corticotropin — releasing factor (CRF) hypothesis of depression: new findings and
new directions. Mol. Psychiatry: 1996, v.1, 336-342.

58 Bartanusz V, Jazova D. Bertizi L.T. Tiders F.J.H. Aubry JM , Kiss J.Z. - stress — induuced increase in
vasopressin and corticotropin — releasing factor expression in hypophysiotropic paraventricular neurons.
Endocrinology. 1993, v.132, p.895-902.

59 Ju. Shuteu, T. Bendile, A. Kafritse and others —Shock Terminology and Classification. Shock cell. Patho-
physiology and treatment. — Bukharest. 1981. p.515. Bezverkhaia T.P. - Adrenal physiology // Book: Disor-
ders of adrenal function during endocrine diseases/Ed. I.V.Komisarenko. — Kiev. Zdorovia. 1985. p.5-67.

60 Pilenov A.l. - Hypothalamic neural secretion. — Leningrad. Science. 1971. p.159. Judaev N.A. Evtikhina
Z.F. - Modern knowledge of hypothalamic-release factors // Book.: Modern questions of endocrinology/ Ed.
N.A. Judaeva. — Moscva. Medicine. 1972. p.§-20.
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hormonal reactions, characteristic of normal as well as stressed condition (62)% .

In stressful situations, regulation of hypothalmic-pituitary-adrenal gland system
is controlled by the sympathetic section of the nervous system, which is expressed
by immediate increase of the tension of the sympathetic sectionof the vegetative
nervous system. This change, in it turn, has direct reflexive influence on
hypothalamus (59, 63)®. Secretion of corticoliberins by hypothalamus represents
the first stage of responsive reactions to stressful situation in a chain of response
reactions and reflects integration of nervous and humoral regulation during the
development of stress (24, 64, 65)%.

In the conditions of severe and prolonged stress, under the influence of ACTH,
the level of corticosteroids in adrenal glands and peripheral blood increases.
Simultaneously, the level of corticosteroids in blood increases and at the same
time, ascorbic acid is discharged from the glands and its reserves are spent, the
level of cholesterol and its ethers of adrenal glands also decreases. The grains
of sudanophilic lipids which are located in the cortex cells, disappear. The cells
of adrenal cortex are have hyperplasia and hypertrophy, which increases the
thickness and mass of the cortex and the gland (31)%.

In physiological conditions, regulation of the secretion of ACTH is carried out
by feed-back mechanisms which depends on the concentration of free cortisol
in blood (the adrenal cortex producing the “long” feed-back cortisol — the
hypothalamus “short” feed-bask hypothalamus - hypophysis) (59, 90 )%.

The main place for ACTH action is adrenal glands. Being a strong stimulator of
corticosteroid secretion, it also regulates increase of the cells of adrenal glands
and their number, facilitates maintenance of their morphological structure and
functional activity (66, 67, 68)* . During the influence of stressogenic factors,

61 Dilman V.M. - Large biologic clock, Moscow. Knowledge 1986. p.256.

62 Bezverkhaia T.P. - Adrenal physiology // Book: Disorders of adrenal function during endocrine diseases/
Ed. I.V.Komisarenko. — Kiev. Zdorovia. 1985. p.5-67. Makara C.B, Kvetransky R, Jezora D. et.al. - Plas-
ma catecholamines do not participate in pituitary — adrenal activation by immobilization stress in rats with
transection of nerve fibers tothe median eminence// Edocrinology. 1986, v.119, Ne4, p.1757-1762.

63 Bruhn T.O. Plotsky PM, Vale W.W. - Effect of faraventicular lesions on Corticotropin — Releasing
Factor (CRF) — like Immunoreactivity in the STalk — Median Eminence: Studies on the Aolrenocorticotro-
pin Response to Ether Stress and Exogenous CRF//Endocrinology — 1984. y.114, Nel, p.57-62. Hylka V.W.
Sonntag W.E. Meites J. - Reduced ability of old male rats to release ACTH and corticosterone in response to
CRF administration// Proceeding of the society for Experimental biology and medicine. 1984, v.175, p.1-4 .
Plotsky PM., Vale W.K. Hemorrage — induced secretion of corticotropin — relasing factor. Like immunoreac-
tivity and its inhibition by glucocorticoids // Endocrinology. 1984, v.114, Nel, p.164-169.

64 Horizontov PD. Belousova O. I. Fedotova M.1.- Stressand Blood System, Moscow. Medicine. 1983. p.20.
65 Bezverkhaia T.P. - Adrenal physiology // Book: Disorders of adrenal function during endocrine diseas-
es/Ed. I.V.Komisarenko. — Kiev. Zdorovia. 1985. p.5-67. Walker C.D. Sapolsky R.M, Meaney M.J. et.al.
- Increased pituitary sensitivity to glucocorticoid feed back during the stress nonresponsiwe period in the
neonatal tat//Endocrinology, v.119, Ne4, p.1816-1821.

66 Morozova M.C. MMakarovskaja E.E. -- ACTH Mechanism of action and when discharge is within nor-
mal and during pituitary basophilia// Book.: Modern questions of endocrinology// Ed. N.A. Judaeva, - Mos-
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by means of the ACTH action, glucocorticoids; cortisol and corticosterone are
discharged from adrenal cortex to blood.

Cortisol-corticosterone produced by adrenal cortex zona fasiculata, represents
most active glucocorticoid. It circulates in peripheral blood, mainly in the form
binding with a-globulin transcortin. The effect of cortisol on organs is very diverse.
It is involved in the regulation of protein and carbohydrate metabolism. As a
result of its action in some tissues (lymphoid, muscular, connective), it suppresses
(inhibits) protein synthesis and at the same time, cortisol facilitates protein
synthesis in liver (anabolic effect), has anti-inflammatory and desensibilization
action, in particular, it suppresses capillary permeability of all the elements
of any inflammatory process, diapedesis, exudation, creation of antibodies,
granulomatous proliferation and hampers the processes of rehabilitation. The
number of mast cells and histamine is released under its influence. Corticosterone
decreases permeability of cell membranes, facilitates inhibition of glucose and
amino acids. It participates in gluconeogenesis or creation of glucose from amino
acids. At the same time, it increases the level of glycogen in the liver. As a result
of the cortisol action, synthesis of glycogen and oxygenation of glucose decreases
in muscles, which is one of the reasons of hyperglycemia. The increase of blood
glucose level is also facilitated by lipolysis which is also stronger with the influence
of cortisol. Cortisol causes a peculiar fat distribution in subdermal cellulose.
With it action, the total level of lipids in the liver increases and mobilization of
free fat acids takes place. Hyperglycemia causes increase of insulin secretion,
insulin in its turn, hampers mobilization of free fatty acids caused by cortisol.
Due to the effect of insulin fat appears more intensely and overlaps the decrease
of fat synthesis created by cortisol from carbohydrates. Cortisol stimulated the
creation of blood from marrow. The hormone hampers resorption of glucose in
the renal tubule, which is accompanied by urine glucose (glycosuria). by the
influence of cortisol, collagen production diseases, which simplifies its release; it
stimulates various enzyme systems which is characterized by significant increase
of the levels of free hydrochloric acid and acidity, production of pepsin in the
stomach acid and thinning of gastric mucosa during cortisol surplus may cause
the development of peptic ulcer (10, 69, 70)°’. Prolonged cortisol surplus causes
protein deficiency, muscle atrophy, swelling and development of osteoporosis as
aresult of catabolism of bone protein base and further release of salts. Depletion
of proteins in its turn causes disorder of creation of epiphyseal cartilages and

cow.Medicine.1975. iss. 5, p.29-44. Bing R.F, Schulster D, - Steroidogenesis in isolated adrenal glomer-
ulosa cells: Response and effect of potassiu, serotonin and (serl-Aia2) — angiotensin. 11//J. Endocrinology,
1974, v.74, p.261-272. Mc Cann S.M. Ajika K. Fawectt C.P. et.al., - Hypothalamic control and inhibiting
newrohormones//In: Hormone metabolism and stress. Recent progress and perspectives: proceding of an
international symposium. Smolenice. September 17-20, 1972, /Ed.S. Nemea R. Bratislawa, 1973, p.67-77.
67 Bazarnova M.A. — Hormones in the norm and pathologies // book.: Manual on Clinical Lab Diagnos-
tics. Part 3, Cinical iochmistry/edit.: M.A. Bazarnova and V. T. Morozova, Kiev, Zdorovia, 1986. cp5-64.
Baranov V.G. Leibson K.G. Savchenko O.N. and others - Physiology of endocrine system. Thilisi, 1991, p.
323-333. Sergeev P.V. - Steroid - hormones, Moscow. Medicine. 1984. p.240.
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increases slowing of processes of the organism. In case of hypercortisolism,
increase discharge of calcium followed by declination of bone tissue protein
catabolism and bone tissue decalcification, may facilitate creation of urine
calculus in the kidneys. Additionally, prolonged abundancy of cortisol decreases
involvement of amino acids in muscles and brings the contructing elements to
necrosis, cell infiltration, phagocytosis and decrease of accummulation of glucose
in muscles (10)%.

Cortisol is involved in the perception and integration of sensory impulses by
the central nervous system, the hormone significantly decreases the electric
irritability threshold of the brain, increasing the trend of epileptic seizures in
the persons inclined to have this disease. Corticosteroids help to maintain the
cardiovascular function and its protection from environmental conditions. The
hormone improves normal circulation of blood during a shock, increases the
level of lipids circulating in the blood, decreases cholesterol diffusion and its
prolonged high levels in blood, speeds up the development of atherosclerotic
processes (10, 70)%.

Secretion of cortisol by adrenal cortex is not of continuous nature circadian
cycle is characterized by maximum concentration in blood — in the morning
(06:0009:00) and minimum concentration in the evening (71).  This rthythm
of cortisol fluctuations totally depends on the rhythm of fuctuations of ACTH is
controlled by a mechanism of negative feedback existing between the adrenal
cortex, hypothalamus and hypophysis. In the extreme conditions (stress, shock)
significant discharge of cortisol happens in the the organism, as a result of the
activation of adenohypophysial corticotropic function (72, 73, 74)™.

The stress caused by the effect of noise and immobilization is characterized
by high levels of cortisol (75, 76, 77 ), the condition characteristic of the

68 Bazarnova M.A. — Hormones in the norm and pathologies // book.: Manual on Clinical Lab Diagnostics.
Part 3, Cinical iochmistry/edit.: M.A. Bazarnova and V. T. Morozova, Kiev, Zdorovia, 1986. cp5-64.

69 Bazarnova M.A. — Hormones in the norm and pathologies // book.: Manual on Clinical Lab Diagnostics.
Part 3, Cinical iochmistry/edit.: M.A. Bazarnova and V. T. Morozova, Kiev, Zdorovia, 1986. cp5-64. Sergeev
PV. - Steroid hormones, Moscow. Medicine. 1984. p.240.

70 Fulkerson W.J. Tang B.Y. - Uitradian and citradian Rhytmus in the plasma Concentration of cortisol in
Sheep// J.Endocr. — 1979, v.81, p.135-141.

71 Medvedeva N.A., Medvedev O.C. - Glucocorticoids and humoral regulation of blood circulation. Hu-
moral factors in regulation of adaptive reactions of cardiovascular system//Results of Science and tech-
nique. Human and animal physiology, Mocksa. Meouyunmoscow.Medicine. 1990. t.41, p.79-83. Janielov
M.M. - Hormonal and hemodynamic shifts during post-aggressive reaction of organism// PhD. Diss. in
med.sc., Thilisi. 1985. p.203. Sapolsky R.M. Krey L.C. Merwen B.S. - stress Down — regulates conticoste-
rone recoptors in a sife — specific manner in the brain// Endocrinolgy, - 1984, v.114, Nel, p.287-302.

72 Akhaladze L. Khananashvili M. Chikhladze — Changes of testing protective reactions of various complex-
ity. Sokhumi University Works. Series of natural Sciences. Th. 2011.pp. 58-66. Crassler J., Krentnansky R.,
Jarova D., Dobrakorova M., Hemorrage — evoked hormonal responses and thear changes in rat previously
exposed to immobilization stress// stress: Neurohumoral and humoral mechanisms/ Ed. C.R. Van Loon, R.
Kretnansky, R. McCarty, J.Axelrod — New-York, Cordon and breach Science Publishers, 1989, p.665-677.
Vigas M. - Neuroendocrine responses to psychosocial and somatic stress in rat and humans//stress: Neuro-
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decrease of the volume of circulating blood is also characterized by high level of
glucocorticoids (78).

Many observations andresearches show that the stress from chronic immobilization
cause activation of pituitary - adrenal — cortical and sympathoadrenal system as
well as metabolic changes of the organism. On the one hand, there is increase
of the level of epinephrine and norepinephrine in plasma (79, 80)”%, and on the
other- increase of glucose concentration (25, 81, 82)”%, which causes development
of hyperglycemia (30)”. Glucose is a simple carbohydrate (C.H,,O,), belonging to
the group of monosaccharides. All monosaccharides are colourless, well soluble
in water, crystal agent with a sweet taste. Carbohydrates are major energetic
sources of food. Apart from the energy metabolism, carbohydrates play most
important role in metabolism in any sphere. It is necessary for life and activity
and is of special importance for nervous system using 2/3 of blood glucose. The
basic stages of carbohydrates energy metabolism in the body are: hydrolysis,
absorption, synthesis of glycogen, glucogenesis, synthesis of agents containing
carbon (glucuronids, glycosaminpglycans, glycoproteins, etc.), participate in the
energetic metabolism of anaerobic and aerobic processes.

Metabolism may be disrupted at any stage. The main reason for disruption of
carbohydrates metabolism and hyperglycemia is the main reason for the disruption
of cabohydrates metabolism and hyperglycemia disruption of its neural-humoral
regulation. Influence of the nervous system of carbpnhydrates metabolism is
also confirmed by the fact that hyperglycemia accompanies irritation of the grey
nucleus of hypothalamus, irritation of striate nucleus, psychic tension, emotions
(“emotional hyperglycaemia”), during which irritation of cerebral cortex is
irradiated to subdermal bodies. In the event of hyperglycaemia of central origin,
impulses are transferred through sympathetic fibers medulla of adrenal gland
causing discharge of adrenalin (41,39)”". Adrenalin stimulates glycogenolisis in the

humoral and humoral mechanisms/ Ed., G.R. Van Loon, R. Kvernansky, R.McCarty, J.Axelrod. — New-York,
Cordon and breach science Publischers, 1989, p.15-28

73 Lilly M.P,, Endelang E.C., Cann D.S. - Responses of cortisol secretion to repeated Reamorrha ge in the
anaestherized dog// Endocrinology. 1983, v.112, p.681-688.

74 Kubo T., Mumakura H., Endo S., Hagiwara Y., Fukumori R. - Angiotensin receptor blockade in the
anderior hypothalamic areal inhibits stress — induced pressor responses in rats. Brain Res Bull. 2001, 56,
569-574. Saiki Y, Watanabe T, Tan N., Matsuzaki M., Nakamura S: - Role of central ANC // recoptors in
stress — induced cardiovascular and hyperthermic responses in rats. Am J. Physiol. 1997, 272, R26-R33.
75 Akhaladze K., Khananashvili M.— Changes of glucose and cortisol idicators when testing the reactions
of diffent difficulty. Sukhumi State Uversity Works XIV. Series of Natural sciences. Thilisi 2016 pp. 143-
154. Akhalaze L. — Changes of biochemical indicators at various stages of the development of psychogenic
stress. Monograph. Publishing house Meridiani 2013 pp. 63-71. Yagiz Uresin, Bahar Erbas, Mehmet Ozek,
- Lasartan may prevent the elevation of plasma clucose levels induced by chronic stress. Pol, J. Pharmacol...
2004, 56, 271-273.

76 Kemmer FW, Bisping R, Steingruber HJ, Baar H, Hardtmann F., Schlayhecke R., Berger M: - Psychol-
ogycal stress and metabolic control in patients with type I diabetes mellitus. N. Engl J.Med., 1986, 314,
1078-1084.

77 Papin L.E. - Biochemical mechanisms of stress, Novosibirsk. Pubshing House. Science. 1983. p.232.
Kulagin VK. - Pathological physiology of trauma and shock — L., Medicine. 1978. p.296.
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liver and discharge of glucose to blood during acute nervous stress; the level of
glucose depends on the nature of the stressor and intensity (83)”. Glycogenolysis
is also increased by the impulses reaching the liver through sympathetic fibers
(41)”. Disruption of hormonal regulation of carbohydrates is developed not only
during disruption of central regulation of endocrine glands but also during the
pathologies of the glands themselves or changes of peripheral mechanisms of
hormones action. Of most importance for carbohydrates metabolism is pancreas
hormones insulin and glucagon. Insulin facilitates fixation of cabonhydrates their
burning, and turn into fats. Their mechanism of action is connected with the
activation of the ferments involved in glucose phosphorylation (hexokinases
and glucokinases) and other compounds involved in glycolysis. Activation of
parasympathetic nervous system inhibits secretion of insulin (41)®. It is the deficit
of this hormone 9insulin0 that causes hyperglycemia which is connected with the
decrease of cell flow in respect ofglucose, decrease of glucose phospholuration
hexokinase reaction, strengthenng of the process of glucogenesis. Insulin
secretion in blood is intensified by glucose, cholinergic nerves, some amino
acids, sulfonyl uric acid agents, ACTH. The fact that insulin secretion starts
before the food received is before intestine absorption, points to a certain role
of neural-reflexive mechanism in insulin secretion (84)%.. Several factors such
as angiotensin (AIl) - (renin-angiotensin system) have an effect on activity of
sympathetic nervous system.both cenral (85)* and peripheral (86)* angiotensins
(IT) can facilitate activation of sympathetic nervous system. The central A(II)-ol
system has the role (function) of agitation in sympathetic reactions to stress (80)*,
since A(II) secretion increases as a result of the appearance of stress in central
and peripheral tissues, so A(Il) is classified as an important stress-hormone
(87)%. Physiological reactions (responses) to stress irritator(stimulator) including
increased blood pressure, increased heart beat, fever and increase of ACTH
concentrations is related to activation of sympathetic nervous system. Therefore,
there is connection between activity of sympathetic nervous system and renin-
angiotensin (RAS) system.

Increased activity of sympathetic nervous system plays a significant role in

78 Armario A. Marti J, Gil M. - The serum glucose response to acute stress is sensitive to the intensity of the
stressor and to habituation. J. Psychoneuroendocrinology, 1990, 15(5-6):341-7.

79 Papin L.E. - Biochemical mechanisms of stress, Novosibirsk. Pubshing House. Science. 1983. p.232.
80 Papin L.E. - Biochemical mechanisms of stress, Novosibirsk. Pubshing House. Science. 1983. p.232.

81 Raikkonen K., Keltikangas — Jarvinen L., Adlercreutz H., Hautanen A: - Psychological stress and the
insulin resistence syndrome: Metabolism, 1996, 45, 1533-1538.

82 Wright J.W., Hardling JW. - Brain angiotensin receptor subtypes in the control of physiological and
behavioral responses. Neurosci Biobehav Rev, 1994, 18, 21-53.

83 Hilgers KF, Veelken R., Rupprecht G, Reeh PW, Luft FC, Feiger H, Mann JFE: - Angiotensin II facili-
tates sympathetic transmission in rat hind limb circulation. Hypertension, 1993, 21, 322-328.

84 Saiki Y, Watanabe T., Tan N., Matsuzaki M., Nakamura S: - Role of central ANC // recoptors in stress —
induced cardiovascular and hyperthermic responses in rats. Am J. Physiol. 1997, 272, R26-R33.

85 Yang G., Wan Y., Zhu Y: - Angiotensis Il an important stress hormone. Biol Signals, 1996, 5, 1-8.
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disruption of the metabolism of glucose and fats (88)*. Prolonged stressing in
plasma causes increase of the level of catechol amines, corticosterone and
glucose (25, 81, 89)*”. The changes caused by stress in the metabolism of glucose
and fats can facilitate development of diseases (etiology) — diabetes mellitus
and cardivascular disseased (29)*. Chronic blockade of renin-angiotensin system
(RAS) can decrease the reaction of sympathetic-nervous system to stress and

prevent development of cardiovascular diseases and type II diabetes mellitus
(82)%.

Notwithstanding the fact that the reference literature contains data on the influence
of stresson behavioural and biochemical values, the changes of behavioural
indicators at all the three stages of the development of psychogenic stress have
not been studied in combination with the development of metabolic processes in
an organism, which would help to reveal the nature of prepathological condition
(biologically positive or negative) as a result of stress and would give us an
opportunity to have timely preventive treatment of the diseases caused by stress.

86 Nonogaki K. Iguchi A. - Stress acute hyperglycemia and hyperlipidemial: role of the autonomic nervous
system and cytokines. Trends Endocrinol Metab, 1997, 8,192-197.

87 Akhaladze K., Khananashvili M.— Changes of glucose and cortisol idicators when testing the reactions
of diffent difficulty. Sukhumi State Uversity Works XIV. Series of Natural sciences. Thilisi 2016 pp. 143-154 .
Akhalaze L. — Changes of biochemical indicators at various stages of the development of psychogenic stress.
Monograph. Publishing house Meridiani 2013 pp. 63-71. De Boer SF. Koopmans S., Slangen J., Van der
Gugten J. - Plasma catecholamine, Corticosterone and glucose responses to repeated stress in rats: effect of
interstressor interval length. J. Physiol behav, 1990 Jun; 47(6)://17-24.

88 Van Der Does FE, De Neeling JN, Snoek FJ, Kostense PJ, Grootenhuis PA, Bouter LM, Heine RJ: -
Symptoms and Well — being in relation to glycemic control in type Il diabetes, Diabetes Care, 1996, 19,
204-210.

89 Yagiz Uresin, Bahar Erbas, Mehmet Ozek, - Lasartan may prevent the elevation of plasma clucose levels
induced by chronic stress. Pol, J. Pharmacol... 2004, 56, 271-273.
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Chapter II. Study material and methods

The tests have been carried out in 90 male Lewis rats, weight:180-200 g. In
the experiment, the animals were grouped into three groups at two stages of the
study;

1) Test animals - (64 rats)
2) Control animals - (20 rats)
3) Intact animals - (8 rats)

At the first stage of the study, in order to model psychogenic test, modified
method of active avoidance reaction was used. The emotional state of the animals
was studied before and after stressing the rats by means of ‘open-field” and
“proconflict’ test.

At the second stage of the study, the animals were decapitated under anesthesia
at all the three stages of the development of stress (after stressing), in order to
determine the concentrations of biochemical parameters (cortisol, glucose,
cholesterol). For the purpose of anesthesia a 4% solution of hydrochloride was
injected in the peritoneum of intact and stressed rats (0.4 g hydrochloride was
diluted in 25 ml distilled water 0. 1ml of the given agent was injected in animals
with the weight of 100 g and 2 ml — in animals with the weight of 180-200 g.
the animals did not react during surgery, which could be checked by squeezing
their tails. Then blood vessels would be cut in the neck area with scissors and we
would take the blood with a 5 g syringe.

I1.1. Modelling of psychogenic stress by modified method
of active avoidance reaction

Modelling of psychogenic stress with modified method of active avoidance
reaction was performed in a special cabin (Fig.1) - ,,Stress box” (90)*. The cabin
consisted of three compartments of equal size (20X20X35cm) —one of them
central (Fig. 1a) and 2 lateral compartments (Fig. 1. b,c), divided by a 10 cm partition.
On the right and left side walls of the cage sound signal sources were fixed (on

90 Khananashvili M. M., Domianidze T. G. — Method of Modelling Neurosis. Authorship certificate,
MNel506474, 1989. USSR.
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the right — Metronome — 2 Hz, on the left - Tone - 500 Hz). The floor and barriers
of all the three compartments of the “Stress box” were electrified (40V, AC),
which provided an opportunity to irritate the paws causing pain with electricity.

Active avoidance reactionto one of the sound signals (Metronome — 2 Hz) was
developed as follows: The left lateral of the compartment cage could be closed,
we would place the animal in the central (start) compartment. After 60 minutes
we would give the next sound signal Metronome- 2 Hz). The time for its isolated
action was 5 sec. During this time the rat had to go over to the next signalized
compartment. In the event that the animal did not do this action, after the time for
isolated action (5 sec) passed, the mouse would get electric shock on its paws.
The rat had to return to the start compartment in 10 secs after going to the side
compartment, otherwise it would again be subjected to pain irritator action.

It was considered that the rad had worked out active avoidance reaction when
the number of correct reactions on Metronome reached a 80% criterion within
five consequtive test days. The rat had to have active avoidance reaction in
response to the second conditional signal (Tone — 500 Hz), i.e. it had to go to
the left compartment of the “Stress box” within a 5 sec isolated action period
(at this time the right compartment of the box was closed) and had to return to
the start compartment within 10 sec. If this active avoidance reaction action was
performed, the rat was punished and received pain irritator on its paws, which
lasted until the animal had active defense reation. Wqghen working out active
avoidance reaction on Metronome and Tone, the animal would get conditional
signal only when it was in the start compartment. One test comprised 20 samples
with one minute intervals between signals.

Workinfg out two active avoidance reactions separately — after the establishment,
we would start testing active avoidance reactions on Metronome and Tone during
one test. The animal would be again placed into the central compartment of the
“Stress box”. At that time in the experimental cage partitions were taken away
and the rat could freely get both into the right or left part. At this stage after
the Metronome signaling the animal had to go to the right compartment of the
“Stress box” and return to the start place in 10 sec while on Tone — it had to go to
the left compartment and return in 10 sec. In the event of wrong reactions to the
conditional signal, the animal would get irritation with pain caused electrically on
its paws. The conditional signals (Metronome, Tone) interchanged in accordance
with the Gellermann stochastic program (91)*, i.e. with using conditional signals
randomly and with equal probability (50/50). Every following conditional signal
was given to the animal with one minute intervals only when it was in the central
compartment.

During the test control experiment was also performed. The rats were placed

91 Gellerman S.W. Change orders of alternating stimuli in visual discrimination experiments. J.Cenet. Psy-
chol, 1933. V.42, P207-208.
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next to the experimental cage in the isolated fourth compartent with electrified
floor (40V, AC). In total, the animals got the same amount of pain irritation as
the tested rats. With the difference that they did not have an opportunity to avoid
pain irritation. The following behavioural signs were demonstrated during the
test: Duration of “grooming’, duration of vertical and horizontal posture, passing
between signals, number of head rising and boluses.

< o

NN

Fig.1. “Stress box™ cage (Pls. see the description in the text)

109



IL.2. Assessment of the emotional state of animals
I1.2.1. Assessment of the emotional state of animals by means of the
“open field” test

An “open field’ represents an area of 80 cm (Fig .2.), surrounded by a 30 cm high
opaque wall. The floor of the “open field’ was divided into 16 parts: 4 central and
12 peripheral. In the corners of the central squares there were 9 rat holes with the
diameter of 3 cm. “Open field” was lit with an 80 watt lamp which was located at
150 cm height from the “Open field” (92).

Before starting testing in the “open field”, we would hold the rat fo min in an
individual black box. Then we would transfer it to the central square of the “Open
field” and within the following 5 minutes we would observe the following: Latent
period of movement activity, (the time starting from the rat being placed in the
“Open field” until the start of movement reactions), as well as the duration of
crossing the squares, entering the center, vertical postures, examined rat holes,
head rising, boluses and “grooming”.

Fig.2. “Open field” diagram

92 Hall C.S. - Emotional behavior in the rat. I.Defecation and urination as measures of individual differ-
ences in emotionality. J.Comp. Psychol. 1934. V. Ne2, P.385-403
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I1.2.2. Assessment of the emotional state of animals by “proconflict” test

In order to assess the reactions of anxiety and fear, Fogel method was used
with Corda and Boggio modifications (93)*. In the given methodics positive and
aversive stimulus is combined with negative stimulus. Because of the dependence
of positive and negative stimuli the animal has various reactions. In the event of
the influence of strong negative stimulus, the animal is in the setting of negative
emotional tension in “conflict” situation, which is manifested in the reactions of
anxiety and fear. When the force of negative stimulus is decreased, the animal
goes from a “conflict” situation to “proconflict” situation, during which the
positive stimulus does not lose its importance for a rat, i.e. in such conditions the
animal’s behavior nearly does not change in response to the negative stimulus.

After a 48 hour deprivation of water, (we made the rat used to this test environment
beforehand) we put the rat in a cage (Fig.3), where it had an opportunity to
receive water from a glass tube (Fig.3.a.), through which an electrode was passed
(Fig.3.b.). The animal test in “proconflict” situation lasted for 5 minutes. In the
absence of aversive stimulus, the animal was licking the tube for the duration
of the whole test period (5 minutes) and made approximately 50-60 drinks, the
duration of each of these drinks was 3 secs.

In order to create a proconflict” situation, we would give the rat painful electric
irritator every 3 secs from the tube with water when it was drinking, (0,3 mA).
During the test (5 min) the following was registered: Latent period of getting to
the tube, number of acts of drinking electrified water, number of tries (the number
of times getting to the tube without getting water) and duration of “grooming”.
The number of the acts of drinking electrified water determine the degree of the
conflict between motivation of thirst and aversive irritator. There is a supposition
that the depth of conflict points to the level of fear and anxiety in an animal.

93 Korda M.J., Biggio G. Stress and gabeargic transmission biochemical and behavior studies. Advances in
biochemical psychopharmacology. 1986, V.41, P121.
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Fig.3. “Proconflict” test cabin
I1.3. Determination of biochemical parameters

I1.3.1. Determination of cortisol ELISA (Enzyme Linked Immunosorbent
Assay) method with Humani kit

Steady-phase, plate, enzyme linked immunosorbent assay is used the purpose of
which is creation of a layered (like a sandwich) complex between the antigen and
primary and secondary antibodies.

Anticortisol antibodies are received as a result of immunization of the rats with
cortisol. In the analysis we used plates the holes in which are made of special
material on which the antibodies are absorbed effectively. At first, primary anti-
cortisol antibodies are entered in the holes, then material containing antigen and
finally, secondary antibodies.

Primary antibodies are fixed on the walls of the holes, then they are joined by
antigen (object cortisol) and on the receptors of the latter secondary antibodies
are fixed, which contain F. Peroxidase (FPO) on the surface. The activity of this
enzyme is directly proportional to the amount of cortisol. After washing the 3ndey
with special buffer and adding 3,3 - 5,5 —tetramethylbenzidine and hydrogen
peroxide mixture in the holes a coloured solution is received. Its intensity
corresponds to the content of cortisol which is determined on Photometer (EL-
X-800, A=450np) (94)** The normal amount of cortisol in the serum (plasma) of
adult rats is 5,2 — 6,2 mmol/L.

94 Oelkers W. et.al., In: Rationell Diagnostik in der Endokrinologie (Ziegler R, et.al. eds) Stuttgart: Thieme,
137.1993
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I1.3.2. Determination of cholesterol level by means of the enzymatic
(cholinesterase) PAP-method with Humani kit

The principle of the method is based on enzymatic hydrolyses of cholesterol
ethers by means of F. Cholinesterase (CE) and then oxidation of free cholesterol
under the influence of F. Choline oxidase (CO). Hydrogen peroxide released as a
result of this reaction with the involvement of F. Peroxidase (PO) transfers p-ami-
noantipyrine and phenol into a coloured agent (quinone amide):

Cholesterol ethers + H,0 ------- — Cholesterol + fatty acids.
Cholesterol + O, --------- — 4- cholestenone + H,0, + 2 H.0
2H,0, + 4 - aminophenasone + phenol ------- — quinone amide creation + 2H,0

(p- aminoantipyrine) (red coloured)

Colour intensity reflects the amount of total cholesterol, measured by biochemical
analyzer (Humalyzer junion, Germany). Simultaneously cholesterol standard
(5,2 mol/L) was determined and then total amount of cholesterol was calculated:

Object opt.extinction

X 5,16 (mmol/L) (95)*
Standard opt. extinction

The normal level of serum (plasma) cholesterol in adults is 3,7-5,2 mmol/L.

95 Pisan T., Gebski C.P, Leory E.T. et.al. Accurate Direct Determination of Low density Lipoprotein cho-
lesterol Using an Arch. Pathol Lab Med. 1995; 19:1127.
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I1.3.3. Determination of glucose by enzymatic (glucooxidase)
PAP-method with Humani kit

The principle of the method is based on oxidation of the enzyme glucose oxidase
(G.O) with oxygen, as a result of which hydrogen peroxide (H,0,) is created.
During thedecay of which as a result of the effect of the enzyme peroxidase
condensation of phenol and p-aminoantipyrine into a coloured (chromogenous)
compound takes place. The intensity of the solution colour reflects the amount
of glucose which is measured y biochemical analyzer (Humalyzer junior, Ger-
many):

Glucose + O2 + HZO ------------- — Gluconati + H, O2

2H, 0, + phenol + 4 aminoantypirine ----------- —
4-(p-benzoquinone-monoamine)-phenazone + 4H, 0,

Coloured chinoimine

At the same time, the standard (5,55 mmol/L) is determined and then the amount
of glucose is calculated:

Obj. Opt.extinction
X 5,55 (mmol/L)

Standard opt. extinction

The normal amount of glucose in adult serum/plasma is 4,2 — 6,2 mmol/L . (96)*

Statistics of the experimental results was provided by means of the software Mi-
crosobt Excel. We have calculated the mean values (M) mean sq. deviation (SD)
and confidence probability (P).

96 Tiets NW (Hrsg). Clinical Guide to Laboratory Tests, Auflage. Philadelphia. PA; WB Saunders Compa-
ny; 1995:266-273.
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Chapter 111

Assessment of the biochemical status of tested and control rats, during the
modelling of psychogenic stress, determination of behavioural
and emotional characteristics

ITI.1. Changes of behavioural and emotional indicators at various stages of the
development of psychogenic stress caused by other types of active avoidance
reactions

I11.1.1. Dynamics of testing active avoidance reaction during development and
estabishment and two active reactions during one test in test animals.

In order to study the behaviour, learning and memory of rats in the process of for-
mation of separate active avoidance reaction to two sound irritators (Metronome
- 2 hz; Tone — 500 hz) we would register the following during the tests: Amount
of correct reactions of animals to sound signal (when during the isolated action
of the sound signal, the rat would go the next compartment without pain electric
irritation), number of the behavioural acts demonstrated by rats between the con-
ditional signals, the nature of proportion between the behavioral acts.

In the process of the test, the rats demonstrated the following behavior; passing
between the signals, ‘grooming’, vertical posture (the rat is standing on its feet
and he paws are in the air), and horizontal posture (the rat is sitting and the paw
is stretch in front, in the air), the number of fecal boluses and had raising.

In order to reach 80% criteria in the test rats, working out and establishment of
active avoidance reaction to the first sound irritator (Metronome — 2 Hz) required
120-160 electric strikes. After working out and establishment of active avoidance
reaction on metronome active avoidance reaction was worked out by a sound ir-
ritator*(Tone-500 Hz) in order to reach the criteria of rats learning 60-80 electric
strikes were required (Fig. 4).

We started to work out two active avoidance reactions separately — after the es-
tablishment we strted to test avoidance reactions on Metronome and Tone during
one test. During the test of two active avoidance reactions during one test to a
conditional irritator for the period of 14 days (280 electric strikes) the percentage
indicator of the reactions did not exceed 30-45%.

Thus, when checking active protective reaction to separate sound signals, it was
shown that protective reaction of animals to second sound signal (Tone — 500
hz) was worked out more rapidly 92-3 daysO while in order to get 80% learning
criterion to the first sound irritator (Metronome — 2hz) relatively more time was
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needed 96-70 to work out active avoidance reaction (Fig. 4).

Figure 4

Figurel. Dynamics of active avoidance response elaboration in the experimental rats
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Figure. 4. Dynamics of working out active avoidance reaction in experimental rats.
Horizontal lines — experimental days.
Vertical lines — Percentage of correct reactions.

116



I11.1.2. Changes in behavioural indicators of tested and control rats in the
period of developing and establishing active avoidance reaction

At various stages of developing psychogenic stress, in the conditions of various
complexity of tests, we assessed rat behaviour in response to two different sound
irritators (Metronome- 2hz, Tone — 500hz) - in the period of working out and
establishing active avoidance reaction (test rats). During the test control exper-
iment was also performed, the rats were place near the test cage, in the fourth
compartment with electrified floor (40 v, AC) who the same amount of pain irrita-
tion as the test rats at various stages of the stress development with the difference
that they did not have a opportunity to avoid pain irritation (in control rats).

During the formation of active avoidance reaction, in the intervals between the
conditional signals  the rats manifested the following behavior; vertical posture
(the rat is standing on its feet and he paws are in the air), and horizontal posture
(the rat is sitting and the paw is stretch in front, in the air), passing between sig-
nals, “grooming” and head raiding.

In the period of working out and establishment of active avoidance reaction to
the first sound irritator (Metronome — 2 Hz) in both groups of the animals number
difference between registered behavior indicators were registered by us. In both
groups the animals would receive equal number of electric irritator (electric shock
punishment with 16 strikes). Among the forms of behavioural acts in the test ice
the duration percentage of “grooming” was lower by 0,6%(+0,5 as compared to
the 4,7% (£2,3) percentage of horizontal posture 2,6% (£1,1) while the duration
of vertical postures exceeded the percentage of vertical postures (Fig.5.a. Table.
1). The number of passes between signals, head raising and fecal boluses was 3,4
(*1,2); 22,2 (+7,8) and 5,6 (£1,7), respectively (Fig.5.b. Table. 1). During the
test, the control animals in contrast to test animals, have revealed convincingly
different behavior: The relation between every behavioural act to the first sound
irritator was as follows: the percentage of the duration of vertical postures 15,7
(£7,8) convincingly exceeded the percentage of the duration of horizontal pos-
tures 9,8 (+6,5) and “grooming” 0,1 (+0,2), the number of head risings and fecal
boluses was relevantly 24,6 (£6,4) and 6 (£1,4) (Fig. 6.a. Table. 2).
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Table. 1. Statistic assessment of behavioural values — in the period of develop-
ment and establishing active avoidance reaction and in the simultaneous testing
period of two active avoidance reactions in the experimental mice;

Behaviour forms I stage (1) II stage (2) 111 stage (3) P12 P23
Aver- D Aver- D Aver- D
age age age
Vertical positions 4,7 2.3 1,9 0,8 4 0.9 0,009 0,0001

Horizontal positions 2,6 1,1 3,9 0,7 0,3 0,2 0,009 0,02

Raising a head 22,2 7,8 25,3 6,2 13,6 4 0,04 0,05
Fecal boluses 5,6 1,7 2,7 0,5 52 1,1 0,001 0,0001
Transitions across signals | 3.4 1,2 1,7 0,5 3,8 1.4 0,009 0,003

Grooming 0,6 0,5 2,1 1,1 0,1 0,1 0,005 0,02

At the second stage of the test, in the period of working out and establishing
active avoidance reaction to the second sound irritator — (Tone-500 Hz) as com-
pared to the period of working out and establishing active avoidance reaction
— the protective reaction of rats was developed quicker., at this time they would
also get less electric irritation (electric punishment by 5 strikes) , number dif-
ferences were observed in behavioural indicators: duration of vertical postures
(1,9%+0,8; P=0,009), passing between signals (1,7+0,5; P=0,009) and fecal
boluses (2,7+0,5; P=0,001) was statistically convincingly decreased while the
duration of ‘grooming’ (2,1£1,1; P=0,005) and horizontal postures (3,9+0,7;
P=0,009) was convincingly exceeded the values of vertical postures (Table. 1.
Fig.5 a.b). development of two protective reactions — In the period of establish-
ment in the control group — on Tone, when comparing to Metronome between the
acts of behavior duration of vertical postures (3,4+0,6; P=0,009) and horizontal
postures (7,3+£2,1;P=0,002), the number of fecal boluses (4,8+0,9; P=0,002) and
head risings (16+4,8; P=0,008) was convincingly decreased. As for the duration
of “grooming”, no convincing difference was observed at this stage (Table. 2.
Fig. 6. a. b).
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Table 2. Statistical evaluation of behavioural indicators during the development
of active avoidance reaction and one test in the period of simultaneous testing of
two active avoidance reactions — in control rats.

I stage (1) II stage (2) III stage (3)
. ] ] P1-2 P2-3
Behaviour forms Average | SD Aver D Aver D
age age
Vertical postures 15,7 7,8 34 0,6 14,8 33 0,009 0,1
Horiztontal pos- 9.8 6,5 73 2.1 1,1 1,5 0,002 0,003
ures
Raising a head 24,6 6,4 16 4,8 14,5 33 0,008 0,001
Fecal boluses 6 1,4 4,8 0,9 6,4 1,8 0,002 0,005
Grooming 0,1 0,2 0,6 1,2 0,5 0,5 0,2 0,4

when comparing each behavioural act between the test and control group of rats,
the percentage indicators of the duration of vertical (15,7+7,8;P<0,001) and hor-
izontal (9,8+6,5;P<0,002) postures and the number of head raisings (24,6+6,4;
P<0,001) in response to the first sound irritator was statistically convincingly
increased. The duration of ‘grooming’ did not convincingly change at this stage
(Table. 2). In the period of the development and establishment of two protective
reactions to sound irritator, when compared to the first sound irritator — Metro-
nome in control rats the percentage of the duration of vertical postures (3,4+0,6;
P=0,009) and horizontal postures (7,3+2,1; P=0,009), the number of fecal bolus-
es (4,8 £0,9; P=0,002) and head raisings (16+4,8; P=0,008) was convincingly
decreased. As for the duration of “grooming”, no convincing difference was ob-
served at this stage (Table. 2. Fig. 6. a. b).

Therefore, comparison of the proportional relation between the behavioural acts
of the mice of both groups in the period of developing and establishing active
avoidance reaction on metronome and Tone has shown that when the rats get a
larger amount of electric pain irritator at the stage of development of the reaction
(electric punishment by striking 16 times) — vertical posture are dominant behav-
ior 9especially high in the control rats, when the animals did not have an oppor-
tunity to avoid the pain) (Table. 5.a. Fig. 6.a.). In the period of automated pro-
tective reactions — at the second stage, the animal received relatively less amount
of electric irritator (electric punishment with 5 strikes) which showed changes in
proportional relation between behavioural acts. At this stage the dominant behav-
ior in the test group is duration of horizontal postures and “grooming’ while in the
control group as compared to the test group, the dominant behavior is convincing
increase of vertical and horizontal postures activity (Fig. 5. a. Fig. 6. a.).
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Picture 5-a

Behavior of experimental rats during the 14-day test period of
production-reinforcement of the active diversion response and
two active diversion responses during one trial
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Picture 5-b
Behavior of experimental rats during the 14-day test period of production-
reinforcement of the active diversion response and two active diversion
responses during one trial
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Picture 6-a
Behavior of Control Rats Production of an Active Distraction Response
—Reinforcement and Simultaneous Testing of Two Active Distraction
Responses in One Trial
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Picture 6-b

Behavior of Control Rats Production of an Active Distraction
Response — Reinforcement and Simultaneous Testing of Two
Active Distraction Responses in One Trial
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I11.1.3. Behaviour of tested and control rats during the period of testing the two
simultaneous 14 day active avoidance reactions

After the development and establishment of active avoidance reaction on Metro-
nome and Tone both irritators were used in ne test. We would turn on the irritators
alternately according to Gelelrman scheme (91)°’.

When testing two avoidance reactions during one test, as compared to the period
of protective reactions, the animals in both groups during the period of whole
test (14 days) were punished by larger amount of electric irritator 9electric shock
punishment by striking 26 times, since the animals were unable to develop active
avoidance reaction), which was shown in the changes of proportional relation be-
tween behavioural acts. In particular, in test rats the percentage of the duration of
vertical (4+0,9; P=0,0001) and passing between signals (3,8+1,4; P=0,003) and
the number of fecal boluses (5,2+1,1; P=0,0001) was convincingly increased
(Fig. 5.a.b., Table. 1), while the duration of ”grooming” (0,01+0,1; P<0,02) and
horizontal postures (0,3+0,2; P<0,02) was convincingly decreased, where there
was no convincing difference (Table. 1. Fig.5.a). When compared to the first
conditional irritator (Metronome — 2 Hz) in one test, during the development
and establishment of two active avoidance reactions convincing changes showed
In the behavioural indicators of the animals in the number of the indicators of
duration of horizontal postures (0,3+£0,2; P=0,001) and head raising (13,6+4;
P=0,002) (Table. 1), while the difference between vertical postures and “groom-
ing” was not convincing (Fig. 5. a). In control rats, when compares to the period
of development and establishment of two protective reactions (Metronome and
Tone) at this stage of the test, duration of horizontal postures (1,1+1,5; P=0,003)
and head raising (14,5+3,3; P=0,001) was convincingly decreased, the number of
fecal boluses was increased (6,4+1,8; P=0,005). Activity of vertical postures was
also convincingly increased (14,8+3,3; P=0,01) (Fig. 6.a). When comparing the
control rats with the test rats in the period of development and establishment of
two active avoidance reactions in one was convincingly increased in the indica-
tors of the duration of vertical postures (14,843,3; P<0,001) while the indicators
of the number of fecal boluses (6,4+1,8; P<0,01) and head raising (14,5+3,3;
P<0,01) were not convincingly changed (Table 1. and 2.). In the control group,
when comparing the period of development of protective reactions to two sound
signals and the period of development and establishment of protective reactions,
in the period of development and establishment of two active reactions of avoid-
ance in the test, the number of the vertical postures (14,8+3,3; P=0,1) was con-
vincingly increased, the number of horizontal postures (1,1+1,5; P=0,003), the
number of head raising (14,5+3,3; P=0,001) and fecal boluses (6,4+1,8; P=0,005)

97 Gellerman S.W. Change orders of alternating stimuli in visual discrimination experiments. J.Cenet. Psy-
chol, 1933. V.42, P207-208.
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was convincingly decreased while the indicator of “grooming” did not change.
Therefore, during this test (in both groups) in the conditions of two active avoid-
ance reactions for 14 days vertical postures are still prevalent and convincingly
increased (0,0001) as compared to the period of development and establishment
of protective reactions (II stage) (Fig. 5 a.b; Fig.6 a.b.).

IIL.2. Characteristics of emotional state of animals in the period of
developing and establishment of active avoidance reactions of
different complexity

I11.2.1. Behaviour of tested and control animals in the “open-field” test

Before testing active avoidance reaction in the “open field”, the behavioural forms
shown by the test and control animals were presented as active (moving) and
passive (motionless) indicators in the test. (Fig.7; Fig.8). Active values of test
animals, intact rats were determined by the following behavioural mechanisms:
active latent period of motion did not exceed 1 sec, such manifestations of test
behavior like crossed squares, vertical postures, head raising, defecation and the
number of the tested rat holes were 37,5(%15,6); 17,2(£4,9); 20,6(£9,7); 2(£2);
4,4(=1,7), respectively (Fig.9.a), While the total indicator of “grooming” was
within 16 secs (+5,4) (Fig. 9.b); passive indicator I the ‘open field’ was the phase
of motionless state of animals (mechanism) (Fig.7). After the development and
establishment of active avoidance reaction to the irritator on Metronome when
studying the rats behaviour in the ‘open field’, duration of entering the center
(2+0,5; P=0,008) and ‘grooming” (28,3+8,9sec;P=0,001) was statistically con-
vincingly increased, and the duration of vertical postures (10,5+ 4,8; P=0,003)
and the number of the examined rat holes (2,5+0,7; P=0,004) was decreased. La-
tent period of movement activity and crossed squares, the number of head raising
and fecal boluses tended to decrease (Fig.9. a, b; Table 3).

As compared to the period of development and establishment of active avoid-
ance reactions on Metronome, in the period of development and establishment
of active avoidance reactions on Tone, in the “open field” latent period of move-
ment activity (5%0,5 sec; P=0,0001) and “grooming” (43,5£15,1 sec; P=0,009)
was convincingly increased (Fig.9.b Table 3), The number of holes (1,4+0,7;
P=0,002) was decreased (Fig.9.a). The number indicators of crossed squares, ver-
tical postures was decreasing, the number of head raising and fecal boluses did
not show convincing differences (Fig.9.a., Table 3). As compared to the period
of established protective reactions, after 14 days of active avoidance reactions
after testing for 14 days in the “open field” duration of the latency period of
movemnt activity (6,7£1,3sec; P=0,001) and “grooming” convincingly increased
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(88,3£28,7sec; P=0,0003) (Fig.9.b.), The number of crossed squares decreased
(5,7£3,6; P=0,003). There were o convincing changes in the numbers if entering
the center and fecal (Fig.7; Fig.9; Table. 3.).

Table 3. Statistic evaluation of behavioural indicators by ,,open field” test at var-
ious stages of development of psychogenic stress in test rats

Intact (1) I stage (2) | II stage (3) | I1I stage (4)

Behavioural
forms P1-2 |P2-3 P3-4
Ave. SD | Ave. | SD | Ave. | SD | Ave. | SD
Entry into center 1 1 2 10,5 |28 0,7 13,5 1,1 0,008 | 0,05 0,08

Crossed squares | 37,5 15,6 27,8 19,7 |15,5 |8,9 |5,7 3,6 0,1 [0,05 0,003

Vertical posture |\, » 1,0 105 48 187 |55 34 | 1.9 10003 | 02 |0,007

Examined hole
reflex 44 |1,7 2,5 0,7 |14 0,7 10,7 0,6 0,004 {0,002 0,02

Raisingahead 1,0 197 155 |26 121 |46 |63 | 2 |007 003 0,001

Fecal boluses > 2 107 |12 |05 |06 |03 |0,7 0,06 0,3 0.2

Latent period | 0.8 |03 30012 5 10,5 16,7 | 1,3 10,05 [0,0001 |0,001

Grooming

163 |54 28,3 |89 43,5 |15,1|883 |28,7 0,001 |0,009 |0,0003

When testing the control rats in the “open field” it has been shown that before
development of active avoidance reaction as compared to the test rats the number
of crossed squares (49,2+2.9; P=0,008) and examined holes (8,2+4,3; P=0,001)
was convincingly increased. (Table.4), while the indicator of the duration of
“grooming” (3,743,3; P=0,0006) was convincingly decreased. No convincing
changes were observed in the numbers of the latent period of motion activity,
entering the center, fecal boluses and head raising (Table. 4. Fig.: 10. a.b). After
the development and establishment of active avoidance reaction on Metronome
in the “open field”, the number of crossed squares (30,2+6,5; P=0,001), vertical
postures (12,7+8,3; P=0,002) and examined holes (4,7+2,5; P=0,001) was con-
vincingly decreased (Fig. 10.a; Table 4). Duration of the latent period of motion
activity (3+0,8sec; P=0,001) and grooming (11,2+0,9sec; P=0,002) was convinc-
ingly increased (Fig.10.b; Table 4). When comparing to test animals, the number
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of examined holes (4,742,5; P=0,001), crossed squares (30,2+6,5; P=0,002) and
vertical postures (12,7£8,3; P=0,001) were convincingly increased in the control
group, while the number of head raising (16,5+1,7; P=0,02) and fecal boluses
(1,7£1,2; P=0,01) was slightly lower as compared to test animals (Fig. 9. and
10).

As compared to the period of development and establishment of active avoid-
ance reactions on Metronome, in the period of development and establishment of
two protective reactions on Tone, in the “open field” latent period of movement
activity was convincingly increased (5,2+0,5sec; P=0,001) and he duration of
entering the center (3,5+0,5; P=0,001) and ’grooming’ (19,2+4,2; P=0,005) was
increased (Table. 4. Fig.10.a.b), while the indicator of the number of crossed
squares (21,243,1; P=0,006) was convincingly decreased. Indicators of vertical
posture, examined holes, head raising and fecal boluses showed a tendency to
decrease (Table. 4. Fig.10.a.b). The data of the control animals — the number of
crossed squares (21,243,1; P=0,001), vertical postures (10,5+4,2; P=0,002) and
examined holes (3+0,8; P=0,001) was convincingly increased as compared to test
animals ( Table. 3. Table. 4).

Table. 4. Statistic evaluation of behavioural indicators by ,,open field” test at
various stages of development of psychogenic stress in control rats

: Intact (1 I stage (2 II stage (3 111 stage (4
Behfz::glslral @ ge (2) ge (3) ge (4) P12 P23 | P3g

Ave. SD | Ave. SD Ave.| SD | Ave. | SD

Entry into center 1 0,8 2 0 3,5 0,5 7,2 1,7 0,2 10,001 |0,002

Crossed squares | 492 | 29 | 30,2 6,5 21,2 3,1 14,2 7,8 0,006 | 0,2

0,001

Vertical posture | 18,2 8 12,7 8,3 10,5 4,2 6,7 4 0,002 | 03 0,1

Examined hole

8,2 43 4.7 2.5 3 0,8 1 0,8 0,001 | 0,1 |0,006
reflex

Raising ahead | 20,2 | 3,4 | 16,5 | 1,7 | 12,5 | 5,2 10 4 0,04 | 0,09 | 0,2

Fecal boluses 2,2 0,2 1,7 1,2 0,5 0,5 0 0 0,2 | 0,06 | 0.06

Latent period | 0,5 | 05 | 3 | 08 | 52 | 05 | 8 | 0,8 |0,001 0,000,006

Grooming 37 |33 | 112] 09 | 192 | 42 | 32 | 45 |0,002]0,005]|0,003
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During one test of two active avoidance reactions after 14 days, comparison to
the period of established protective reactions showed that in test animals, the
indicator of the duration of latent period (6,7£1,3; P=0,001) and grooming was
convincingly increased, while the duration of vertical postures convincingly de-
creased (3,4+1,9; P=0,007), changes of increasing and decreasing numbers of
crossed squares (5,743,6; P=0,003) and raising a head (6,3+2 P=0,001), entering
the center and examining holes were observed. When compared with the period
of two protective reactions the number of entering the center (7,2+1,7; P=0,002),
latent period of motion activity (8+0,8sec; P=0,006) and the duration of “groom-
ing” (3244,5sec; P=0,003) was convincingly increased (Fig.10.b; Table. 4),
while the examined hole reflex (1£0,8; P=0,006) was convincingly decreased. A
tendency of the decrease of the number of crossed squares (14,2+7,8; P<0,006)
and duration of vertical posture (6,7+4; P<0,1) was observed. In control group
as compared to test animals, latent period of motion activity (8+0,8; P=0,009)
the duration of postures (6,7+4; P=0,002) and the number of head raising (10+4;
P=0,002) were convincingly increased. Decreases and increases in the indicators
of the number of the crossed squares (14,2+7,8; P<0,02) and duration of “groom-
ing’ (324+4,5;P<0,01) were observed (Fig.9. Fig.10).

Therefore, in the “open field’ test at all the three stages of the test in the rats of
both groups, intact animals and when comparing them between the stages, in the
setting of development and establishing active protective reactions ans simulta-
neous 14 days test of two active avoidance reactions in behavioural indicators,
duration of “grooming (0,0003) and latent period of motion activity (0,0001)
were convincingly increased, while in the rest of the indicators of the research
activity, a tendency to decrease was observed (fig.7, 8. Table. 3, 4). The values
of the crossed square, vertical postures and examined are in direct correlation
with increase of the motionless phase (Fig .7.8), indicating increase of tension.
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Changes in behavioral indicators in the "open field" test in
experimental rats
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Changes in behavioral indicators in the "open field" test
in control rats
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Picture 9-a
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Picture 10-a

Behavior of control rats in the "open field"
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I11. 2.2. Behaviour of tested and control animals in the “proconflict” test

According to the “proconflict” test, when assessing the reactions of fear and
anxiety in animals, it has been shown that before testing the avoidance reactions in
the group of test rats, the number of acts of water drinking punished by electricity
was 8,4(£4,5). The indicator of the given behavior reaction in the test mice was
convincingly decreased both after developing/establishing active avoidance
reaction on Metronome (3+0,7; P=0,001) and development and establishment
of two active protective reactions (1,5+0,7; P=0,002) as well as after 14 days of
testing two active avoidance reactions in one test (0,6+0,5; P=0,004) (Fig. 11 a.
Table. 5).

Table 5. Statistic evaluation of behavioural indicaors of performing “proconfict”
test at various stages of development of psychogenic stress in test and control
rats.

III stage

Intact (1) | Istage (2) | II stage (3) @)

Number of acts
of drinking water

nished by elec-
put tricitg Ave. | SD | Ave.| SD | Ave.| SD | Ave. | SD | P12 | P2-3 | P3-4

Test rats 84 | 45 3 0,71 15|07 06 | 05 0001 | 0,002 | 0,004

Control rats 47 33 127105 1,705 05 |05 0,09 0,002 | 0,008

When comparing the number of the acts of drinking water punished by electricity
with intact rats, the number of such acts was convincingly decreased after he
development and establishment of active protective reactions (1,7+0,5; P=0,002)
and was even more decreased during the 14 days testing of two active protection
reactions in one test (0,5+0,5; P=0,008) (Table. 5). There was no difference
shown during development- and establishment of active avoidance reactions
on Metronome compared to intact animals (2,7+0,5; P=0,09) (Fig.11.b.). No
convincing changes in behavioural indicators were shown in the “proconflict”
test comparing the test and control rats at various stages (Table. 5).

Therefore, at all the three stages of development of psychogenic stress in
“proconflict’test in the rats in both groups the number of the acts of drinking
water punished with electricity is convincingly decreased as compared to intact
rats, which indicates the increase of fear and tension.
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Picture 11-a

Picture 11-b

Behavior of experimental rats in the "pro-conflict" test
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I11. 3. Assessment of biochemical parameters at various stages of
psychogenic stress caused by active avoidance reactions of various
complexity (in tested and control animals)

I11.3.1. Determination of the concentration of biochemical parameters in blood
plasma during developing active protective mechanisms in the period of testing
the two simultaneous 14 day active avoidance reactions in tested
and control rats

At the first stage of the experimental theme, at the various stages of development
of psychogenic stress, in the conditions of experiments of various complexity, we
studied behavioural indicators of rats in response to two various sound irritators
(Metronome — 2Hz, Tone -500Hz) in the period of developing and establishing
active avoidance reaction and development and establishment of two active
avoidance reations simultaneously in a 14 day test. At the second stage of the
research, at all three stages of developing stress (after stressing) the intact and
stressed rats were decapitated (under anesthesia), blood samples were collected
to determine the concentration of biochemical parameters.

During the experiment, at all three stages of stress development — the level of
biochemical parameters (cortisol, glucose, cholesterol) in blood plasma were
determined.

The quantitative values of cortisol, glucose and cholesterol in blood plasma of
intact rats was 28 mmol/L (£1,9), 2,8 mmol/L (£0,8), 1,4 mmol/L (+0,1) (Table.
6. Fig.12).

After developing and establishing active avoidance reaction to sound irritator
on Metronome, when comparing the animals of both groups with intact
animals, concentration values of cortisol (38,4+9,0; P=0,004 (test); 38,8+ 6,8;
P=0,004(contr.), glucose (4 + 0,7; P=0,004 (test); 3,9+0,4; P=0,002 (contr.)
and cholesterol (1,7+0,5; P=0,009 (test) were convincingly increased (Tables. 6
and 7). There was no convincing increase of the concentration of cholesterol in
control group (1,6+0,2;P=0,01) (Table. 7).
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Table 6. Statistical evaluation of biochemical indicators at various stages of de-
velopment of psychogenic stress in test rats

Cortisol Glucose Cholesterol
Stages Ave. SD P Ave. SD P Ave. SD P
Intact 28 1,9 2,8 0,8 1.4 0,1
I stage 38,4 9,0 0,004 4 0,7 0,004 1,7 0,5 0,009
II stage 33,5 3,5 0,001 3,7 0,4 0,001 1,6 0,5 0,09
II1 stage 43,5 9,2 0,0001 3.8 0,4 0,003 1,7 0,2 0,002

On the second sound irritators — Tone, after the development and establishment
of two protective reactions when comparing with intact rats there were changes
of the level of biochemical values in blood plasma : in particular, the level of
cortisol (33,5+3,5; P=0,001(test.); 33,1£3; P=0,007(contr.)) and glucose (3,7+0,4;
P=0,001(test.); 3,7+0,4; P=0,008(contr.)) concentration was convincingly
increased, while. When comparing to conditional signal (Metronome-2hz), after
the period of establishment of two active protective reactions, no convincing
changes in the concentrations of cholesterol (1,6+0,5; P=0,09 (test.), 1,440,2;
P=0,3 (contr.) and glucose (3,7+0,4; P=0,02) (test.), (3,7+0,4; P=0,01) (contr.)
was observed Tables. 6 and 7. Fig.12 and 13).

Table. 7. Statistical evaluation of biochemical indicators at various stages of de-
velopment of psychogenic stress in control rats

Cortisol Glucose Cholesterol
Stages Ave. SD P Ave. SD P Ave. SD P
Intact 28 1,9 2,8 0,8 1,4 0,1
I stage 38,8 6,8 0,004 39 0,4 0,002 1,6 0,2 0,01
II stage 33,3 3 0,007 3,7 0,4 0,008 1,4 0,2 0,3
111 stage 31,5 2,7 0,005 3.8 0,5 0,005 1,8 0,3 0,002

When developing and establishing active avoidance reaction on Tone, as compared
to Metronome, mutual proportional changes between biochemical values in
control rats were observed, cortisol concentration value (33,1£3; P=0,007)
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was convincingly decreased, while in the test rats as compared to the controlled
animals — no changes in the concentration values of cortisol (33,5£3,5; P=0,08)
and glucose (3,7+0,4; P=0,08) were observed (Fig. 12 and 13; Table. 6 and 7).
The value of cholesterol concentration in control rats as compared to test rats
was slightly decreased, i.e. at this stage no mutually proportional changes in the
biochemical parameters of the test and controlled rats were observed (Tables. 6
and 7; Fig.12 and 13).

Therefore, in the period of developing and establishing the active avoidance
reaction on Metronome and Tone (in both groups- of test animals) mutually
proportional changes in blood biochemical parameters have provided us with
the data of statistically convincing (P=0,001) increase of the level of cortisol and
glucose, while the change of the level of cholesterol did not show statistically
convincing difference.

After testing two avoidance reactions during one test , when comparing with
intact animals, the parameters of the concentrations of cortisol (43,5+9,2;
P=0,0001 (test.); 31,5+2,7; P=0,005 (contr.), glucose (3,8+0,4; P=0,003(test.);
3,8+0,5; P=0,005(contr.) and cholesterol (1,7+0,2; P=0,002(test.); 1,8+0,3;
P=0,002(contr.)) in both groups of rats were statistically convincingly increased
(Table. 6 and 7). When comparing to the period of established protective reactions
in the test rats the concentration of cortisol (43,5+9,2; P=0,004) was convincingly
increased, while the concentrations of glucose (3,8+0,4; P<0,1) and cholesterol
(1,7+0,2; P<0,1) manifested no convincing changes (Fig.12. Table 6). When we
compared the given parameters with intact animals at this stage of experiment
they were convincingly increased (Table. 7). Thus, during one test, while testing
two active avoidance reactions, the following changes of biochemical parameters
took place in both groups of animals: after comparison of the development and
establishment of active avoidance reaction to the first sound irritator and the
development and establishment of two protective reactions, concentrations of
cortisol, glucose and cholesterol were statistically convincingly increased.
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Figure. 12

Biochemical indicators in blood plasma of experimental rats at different
stages of development of psychogenic stress
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Biochemical indicators in blood plasma of control rats at different stages of
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Chapter IV. Review of study results

Numerous clinical and experimental researches have shown that adaptive reaction
controlled by nervous system has two purposes: 1) Provide the stability of the
system “organism-environment” and 2) Maintaining normal mode of functioning
of the nervous system itself by means of the complex of mechanisms providing
the organism stability - hemostasis. The study of hemostasis represents one of the
main problems of biology and medicine, The notion of hemostasis implies not
only the known stability of various physiological constants but it also involves
the processes of adaptation and coordination of physiological reactions, which
ensure the unity of the body both in normal conditions as well as in the event of
a change of the condition of their existence. Nervous and endocrine systems
have a leading role in maintaining a unity of the structures and functions of the
organism. The action of the nervous system causes activation of endocrine glands
and vegetative functions which basically causes adaptation of the organism
to the action of the conditions of environment. During any effective reaction
in connection with behavior, secondarily humoral (endocrine) and nervous
mechanisms are involved which have a two-way communication with nervous
system, its optimal function. Such function of the brain is called self-regulation
of higher nervous activity.

The purpose of the empiric studies, for years, was identification of self-
regulatory action of behavior components, determination of the regularity of
manifestation of behavioural acts in the conditions of the psychogenic stress
caused by unfavourable combination of “informational triad” and the study
of their influence on the adaptive indicators of metabolism (cortisol, glucose,
cholesterol). Psychogenic stress is caused by the influence of psychic factors.
First of all the mechanisms affecting higher function of the brain like memory,
motivation, emotion, decision making process etc. are enacted. In this case, the
gate for stress-producing factor, which can involve different systems into stressed
state: endocrine, immune, cardiovascular, digestive, discharge system, etc.

Experimental modelling of psychogenic stress often uses a conflict model that
appears on the basis of the animal’s need and inability to satisfy this need. This
conflict realization is performed as follows: the animal is given pain irritation and
is deprived of the opportunity to evade this pain. In the conditions of modelling
such psychogenic stress, it has been determined that the intensity of stress reaction
and the degree of the disorders in connection with it increases, which strengthens
activity of emotional system.

When modelling psychogenic stress, we would work out the active avoidance
reaction to each irritator in the animals. At this time, when arbitrary signal got
involved, in order to protect itslf from painful irritation, the rat would jump into
the compartment from where it would have ability to jump (the other compartment
was closed). When already ‘combining’ the developed protection reactions, we
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would set a new task for the animal — it would be able to avoid the painful irritation
only if when signal was on, it would have behavior oriented in space, i.e. it would
not only jump over the barrier but also go to the signaling compartment. The rat
was unable to do this task, so although it had avoidance reaction to the signal,
it would still be punished by electric impact. The fact that during one try the
animal is unable to work out adequate behavior in response to the introduction
of a random scheme of two arbitrary irritators, can be explained as follows: due
to the specifics of the experiment, in the given situation the rat does not receive
information according to which it would have behavior oriented in space, i.e.
the animal brain is functioning in the unfavourable conditions of ‘informational
triad’ factors — information, motivation and the factor of time. In particular, the
rats turned out in the conditions of a deficit of motivation, time and pragmatic
information for a long period of time, which was a hard task for them and was
a stress factor for higher nervous function of the animals (2)*. Mass appearance
of psychogenic stress is caused by a high flow of information, although the
increase of information, its accrual itself does not cause the stress: human brain
can perceive and process vast amount of information, in certain condition, huge
flow of information can turn into a strong stressogenic factor and may cause a
disease which was named by Khananashvili in 1975 as “informational neurosis”
and afterwards used it in a broader sense as “Informational disease” (12,35).
Informational stress is a form of psychogenic stress and is caused by three factors,
causing informational disease. These factors are: 1) amount of information, 2) the
time necessary for processing information and taking decision and 3) level of
motivation for taking decision. It is well-known that all of these three factors, the
unity of which was named as “informational triad’ is largely the reason for normal
behavior. But in unsuitable conditions, these factors can turn into stressogenic
factors, for example, in the conditions of high flow of information (or its deficit),
chronic time deficit and high motivation for behavior (12)'.

In the process of experiment, two groups of animals were separated: test
(experimental) and control rats. The test animals were tested by us by the modified
method of active avoidance reaction. During the test the control animals were
placed next to the test cage, in the fourth isolated compartment with electrified
floor (40V, AC), who were receiving the same amount of pain irritation as the test
rats. However, they did not have an opportunity to avoid the pain irritator. When
comparing the beahvioural reactions and indicators of metabolism (cortisol,
glucose, cholesterol) registered in this group of animals, it was shown very well

98 Khananashvili M. M. - Psychogenic stress: Theory, Experiment, Practice. Vestnik, Russian Academy of
Medical Sciences, Moscow. Medicine. 1998. pp.13-16

99 Khananashvili M. - Informational Stress. National Aacademy of Sciences of Georgia Publishing House,
Thilisi, 2008. pp.30-46. Khananashvili M. M. Reberg G. Self-regulation of behavior in the condition of
increasing burdens on analytical activity of the brain in cats. Jourm. VN.D.. B.HJ]. 1981. v. 31. Ne4. c.
123-129.

100 Khananashvili M. - Informational Stress. National Aacademy of Sciences of Georgia Publishing
House, Tbhilisi, 2008. pp.30-46.
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that the disorders were statistically convincing in control rats as compared to test
rats.

On Metronome — During testing active avoidance reaction, in order to reach the
learning criteria, the test animals needed 120-160 electric strikes. Development
and establishing of active avoidance reaction lasted for 6-8 days —in the conditions
the effect of foreign irritator in the environment unknown for the animal. When
the rat first faced the difficult task, quantitative changes of behavior indicators and
biochemical parameters (cortisol, glucose, cholesterol) were determined in both
groups. At this stage the animals would receive equal amount of electric irritator
(electric shock punishment with 16 strikes). When comparing behavioural
indicators and biochemical values in the test animals, it was demonstrated
that vertical postures were dominant in behavioural indicators. Their duration
during the whole test was 4,7+2,3-consisted of. The indicator of “grooming”
was much lesser than the duration of vertical and horizontal postures (Table.1). In
the behavioural indicators of control rats, vertical and horizontal postures were
still prevalent while the indicator of “grooming’ was of lower (Table. 2). As for
the biochemical parameters, concentration of cortisol, glucose and cholesterol
in blood plasma was statistically convincingly higher as compared to intact
animals (Table. 6). LAt this stage, in the control group cholesterol did not change
significantly as compared to the values of cortisol and glucose ( Table. 7) . In the
conditions of foreign irritator in the environment unknown for the animals, pain,
as the irritator the psychic factor, mobilizes protective mechanisms, which are
connected with each other by compensatory-adaptive reactions. The latter are
aimed not only to eliminate the source of irritation but also at preserving internal
environment (hemostasis) (36, 97)". Experimental observations show that many
nervous networks in the central nervous system are activated in response to the
irritator of psychic factor (38)'2. Limbic brain structures are particularly sensitive
to psychogenic factors; in particular, hippocampus, amygdaloid body, medial
prefrontal complex, receiving information from various sensory systems. The
intralimbic processes created by psychogenic factors significantly depend on
behavioural reactions. Processing of the information gathered in limbic structure
causes behavioural reactions and metabolic changes (57)'®, accompanied by
metabolic changes of biochemical components of the organism. The behavioural
reactions and changes of biochemical values observed in response to the first
sound irritator Metronome, reflect emotional state of the animal, the function
of self-regulatory mechanism, causing adaptation to the changed conditions of
environment. Vertical postures indicate strong emotional tension of a rat, while

101 Valdman A.V. Neural system and hemostasis// Book: Hemostasis// Edited by. P.D. Gorizontova, 2nd
edition — Moscow. Medicine 1981. p.29-73. Valdman A.V. Ignatov Yu.D. -Central mechanisms of pain — Len-
ingrad. The science. 1976. P.280

102 Vermentten E., Bremner J.D. Circuits and system in stress: I. Preclinical studies. Depress Anxiety. 2002,
v.15, p.126-147.

103 Wiener H. Perturving the organism. The biology of stressful experience. Chicago: University of Chica-
go Press, 1992. P34 —42.
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“grooming” appears in a conflict situation of medium intensity. It does not appear
in a conflict situation. Increase of the concentration of adaptive hormone cortisol
and changes in the values of carbohydrate and lipid metabolism prepare an
organism for fight, associated with fear, fury and pain. Such behavior of animals
when solving a difficult task is aimed at easing of tension in a tense situation
and is considered self-regulatory behaviour (35, 50, 98)'*, while the changes of
biological components represent basic mediators of stress response as the main
factor of speedy mobilization of protective forces of the organism in order to
restore imbalance.

In stressful situations, regulation of hypothalmic-pituitary-adrenal gland
system is controlled by the sympathetic section of the nervous system, which is
expressed by immediate increase of the tension of the sympathetic section of the
vegetative nervous system. This change, in it turn, has direct reflexive influence
on hypothalamus (59,63)'%. Hippocampus and amygdaloid body within

the norm have preventive effect on hypothalamus. After stressogenic action, the
given preventive relation is blocked, which causes release of corticotrophin-
release hormone (CRH) in the paraventricular nucleus of specific neuromediator
of hypothalamus (58)*. The given hormone has an effect on the hypothalamo-
pituitary system and regulates the synthesis and secretion of adrenocorticotropic
hormone (ACTH), vasopressin and oxytocin from hypophysis (23)".
Hypothalamus, by means of its unusual structure, converts the speedy signals
flowing from the nervous system into specific slow reactions of the endocrine
system, therefore hypothalamus is considered controller of all the hemostasis
parameters vital for the life of the organism (6, 59)'**. Hypothalamus controls,
stimulates and suppresses by means of the hypophis a number of humoral-
hormonal reactions, characteristic of normal as well as stressed condition (62)'®. i.e.
the role of hypothalamus is in the secretory activity of its nervous cells producing

104 Khananashvili M. M. Reberg G. Self-regulation of behavior in the condition of increasing burdens on
analytical activity of the brain in cats. Jourm. V.N.D.. B.HJ]. 1981. v. 31. Ne4. c¢. 123- 129. Khananashvili
M. M. - Psychogenic stress: Theory, Experiment, Practice. Vestnik, Russian Academy of Medical Sciences,
Moscow. Medicine. 1998. pp.13-16. Khananashvili M.M. - Self-Regulation of Higher Nervous Activity of
Animals in Preneurotic State. Examination of Mechanisms of Neural Activity. M. Science, 1984. P. 228-233.
105 Bezverkhaia T.P. Adrenal physiology // Book: Disorders of adrenal function during endocrine diseases/
Ed. 1.V.Komisarenko. — Kiev. Zdorovia. 1985. p.5-67. Makara C.B, Kvetransky R, Jezora D. et.al. Plasma
catecholamines do not participate in pituitary — adrenal activation by immobilization stress in rats with
transection of nerve fibers tothe median eminence// Edocrinology. 1986, v.119, Ne4, p.1757-1762.

106 Nemeroff C.B. The corticotropin — releasing factor (CRF) hypothesis of depression: new findings and
new directions. Mol. Psychiatry: 1996, v.1, 336-342.

107 Bartanusz V, Jazova D. Bertizi L.T. Tiders F.J.H. Aubry JM , Kiss J.Z. stress — induuced increase in
vasopressin and corticotropin — releasing factor expression in hypophysiotropic paraventricular neurons.
Endocrinology. 1993, v.132, p.895-902.

108 Ju. Shuteu, T. Bendile, A. Kafritse and others —Shock Terminology and Classification. Shock cell. Patho-
physiology and treatment. — Bukharest. 1981. p.515. Bezverkhaia T.P. Adrenal physiology // Book: Disorders
of adrenal function during endocrine diseases/Ed. I.V.Komisarenko. — Kiev. Zdorovia. 1985. p.5-67

109 Dilman V.M. Large biologic clock, Moscow. Knowledge 1986. p.256.
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corticotrophin-releasing factor. The driving mechanism of this is activation of
sympathoadrenal system, getting to hypophysis by portal system of circulation
of blood circulatory system and causing the synthesis of ACTH and release (77)"",
In turn, ACTH activates the synthesis of steroid hormones glucocorticoids and
mineralocorticoids of which most important are changes of concentration of
adaptive hormone cortisol in the test conditions of various difficulty. This causes
a change in metabolism of hydrocarbon (glucose) and lipid (cholesterol) levels.
There also exists a feedback between cortisol and ACTH, causing excess of the
first and decrease of the second (59, 66)". Cortisol-corticosterone produced by
adrenal cortex zona fasiculata, represents most active glucocorticoid. It circulates
in peripheral blood, mainly in the form binding with a-globulin transcortin. The
effect of cortisol on organs is very diverse.

It is involved in the regulation of protein and carbohydrate metabolism. As a
result of its action in some tissues (lymphoid, muscular, connective), it suppresses
(inhbits) protein synthesis and at the same time, cortisol facilitates protein
synthesis in liver (anabolic effect). As a result of the cortisol action, synthesis of
glycogen and oxygenation of glucose decreases in muscles, which is one of the
reasons of hyperglycemia. The increase of blood glucose level is also facilitated
by lipolysis which is also stronger with the influence of cortisol. (75)"2. Cortisol
causes a peculiar fat distribution in subdermal cellulose. With it action, the total
level of lipids in the liver increases and mobilization of free fat acids takes place.
Hyperglycemia causes increase of insulin secretion, insulin in its turn, hampers
mobilization of free fatty acids caused by cortisol. Due to the effect of insulin
fat appears more intensely and balances the decrease of fat synthesis created by
cortisol from carbohydrates. Hypercorticolism, caused by chronic or severe effect
of super strong, irritator on the higher functions of the brain system, decreases
involvement of amino acids in muscles and brings the elements to necrosis, cell
infiltration, phagocytosis and decrease of accummulation of glucose in muscles
(10)"2. Increase of the level of cortisol may cause various enzyme systems which
is characterized by significant increase of the levels of free hydrochloric acid and
acidity, production of pepsin in the stomach acid and thinning of gastric mucosa
during cortisol surplus may cause the development of peptic ulcer (31, 99)". It

110 Vigas M. Neuroendocrine responses to psychosocial and somatic stress in rat and humans//stress: Neu-
rohumoral and humoral mechanisms/ Ed., G.R. Van Loon, R. Kvernansky, R.McCarty, J.Axelrod. — New-
York, Cordon and breach science Publischers, 1989, p.15-28.

111 Bezverkhaia T.P. Adrenal physiology // Book: Disorders of adrenal function during endocrine diseases/
Ed. 1.V.Komisarenko. — Kiev. Zdorovia. 1985. p.5-67. Morozova M.C. Makarovskaja E.E. ACTH Mech-
anism of action and when discharge is within normal and during pituitary basophilia// Book.: Modern
questions of endocrinology// Ed. N.A. Judaeva, - Moscow.Medicine.1975. iss. 5, p.29-44.

112 Akhaladze L. Khananashvili M. Chikhladze — Changes of testing protective reactions of various com-
plexity. Sokhumi University Works. Series of natural Sciences. Th. 2011.pp. 58-66.

113 Bazarnova M.A. — Hormones in the norm and pathologies // book.: Manual on Clinical Lab Diagnos-
tics. Part 3, Cinical iochmistry/edit.: M.A. Bazarnova and V. T. Morozova, Kiev, Zdorovia, 1986. cp5-64.
114 Horizontov P.D. Belousova O. 1. Fedotova M 1. Stressand Blood System, Moscow. Medicine. 1983. p.20.
Kuziomkinu V.A.. On Polyfunctional Analysis of Adaptive Reactions during the Modeling of Mental Tension,
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is a transient condition from normostress to pathology, which is characterized
by decrease of the hemostasis of brain functions, and is regarded as psycho-
biological condition, biologically negative hyperstress.  Cortisol is involved
in the perception and integration of sensory impulses by the central nervous
system, the hormone significantly decreases the electric irritability threshold of
the brain, increasing trend to develop epileptic seizures in the persons inclined
to have this disease. Corticosteroids help to maintain the cardiovascular function
and its protection from environmental conditions. The hormone improves normal
circulation of blood during a shock, increases the level of lipids circulating in the
blood. When stressing, gradual increase of cortisol as a stress hormone caused
changes in the values of glucose and cholesterol wich is one of the important
factors of development of psychogenic stress. According to psycho-biological
condition, it is considered a biologically positive stress which plays adaptive
role, increases and strengthens resistance to stress-producing factors and provides
optimal process of psychic functions in constantly changing environment, their
hemostasis of the psychic. The nature of the proportion between the behavioural
acts in animals and metabolic changes of biochemical parameters (cortisol,
glucose and cholesterol) reflect involvement of self-regulatory mechanisms
which increases the resistance of an organism to the stress factors dangerous for
health.

At the next stage of the study- the tone, in the setting of developing and
establishing avoidance reaction, the rats developed ambient response more
quickly, they needed about 60-80 impacts. We would check the firmness of the
already developed active avoidance reaction for 3-4 days. In these rats the rats
in both groups received electric irritator (electric punishment 6 times), where
the animals manifested automated adequate protective behavior. i.e. now they
are the animals adapted to test environment: It is known that such condition
is characterized by less emotional tension, which was reflected in mutually
proportional changes between behavioural acts and biochemical values. In
particular, in the tested animals the period of “grooming:” was increased
(P=0,005), which is manifested in the conflict situations of average intensity and
the duration of vertical postures (P=0,009) was decreased, which reflects strong
emotional tension, as well as the number of passing between signals (P=0,009).
The grooming” indicator shows up later on in the test, when vertical postures
decrease, which shows less emotional tension in animals, which is indicated by
the changes of plasma biochemical parameters, in particular, when comparing to
the period of developing and establishing active avoidance reaction to the first
sound irritator, cortisol values were significantly decreased (33,5+3,5; P=0,001) a
when compared to intact animals (28,0+1,9) the values of cortisol (P=0,001) and
glucose (P=0,001) as a stress hormone indicators were significantly increased,
while the values of glucose (3,7+0,4; P<0,01) and cholesterol (1,6+0,4; P<0,09)
did not give us convincing change and were nearly equal to the values of intact

uman Physiology, 1982. m.8, Nel, ;;P.100-103.
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animals. In control group animals the values of vertical and horizontal posture are
significantly decreased as compared to the first stage, the duration of “grooming”
was unchanged: in metabolic processes, in particular, cortisol concentration in
blood (33,3+3; P=0,007) was significantly decreased, and the values of glucose
(3,7+0,4) and cholesterol (1,4+0,2) returned to normal. As compared to intact
animals, the levels of glucose (3,7+0,4; P=0,008) was convincingly increased
in contrast to cholesterol (1,4+0,2; P=0,3) indicator. The increase of the
duration of “grooming” during automated adequate behaviour and the decrease
of vertical postures, the change of cortisol level in control and test rats caused
mutually proportional changes glucose and cholesterol ~ which disrupted the
hemostasis parameters of the organism, but in response to these disorders, several
physiological mechanisms are engaged to restore hemostasis, called “allostasis”
(14,18)"5. After the disruption, biological function returns to the “norm” or
baseline state. According to psycho-biological condition, this process is a
biologically positive psychogenic stress, contributing to animal adaptation to
environmental conditions, providing organism hemostasis. Stress may have
prolonged effect on an individual. Specific stressors (eg.; excess space, training,
etc.) activate general neurological and physiological network

(19, 20)"%, immune reactivity (21)"7, receptor expression (22)"® ad neurotransmitted
secretion (21)'"°. Symopathoadrenal system is involved in the realization of
stress response. Its activation causes secretion of catecholamines into from
neurovegetative system adrenergic fibers (nerve terminations) and adrenal
medulla into central structure and blood (5, 26, 100)'*. Highest sections of the
central nervous system regulating secretion of catecholamines is located in the
areas of reticular formation in the cerebral cortex, in the areas of fourth ventricle,
hypothalamus. Increase of the level of catecholamines indicates the beginning
of reactive syndrome while adrenalin is considered to be accident hormone, it
preserves circulatory hemostasis in critical situation (101)*'. It should be noted

115 McEwen B.S. Wingfield J.C., - The concept of allostasis in biology and biomedicine. Horm. Behav. 2003.
43. P. 2-15. Dhabhar ES. Satoskar A.R. Bluethmann H. David J.R. McEwen B.S. — Stress — induced en-
hancement of skin immune function: A role for Y interferon. Proc. Natl. Acad. Sci. 2000, USA 97, 2846-2851.
116 Dayas C.Y. Buller K.M. Crane K.W, Xu Y. Day T.A. - Stressor categorization: acute physical and psy-
chological stressors elicit distinctive recruitment patterns in the amygdala and in medullary noradrenergic
cell groups, Eur. J. Neurosci, 14, 1143-1152. 2001. Reyes T.M. Walker J.R. Decino C. Hogenesch J.B, Saw-
chenko PE. - Categorically distinct acute stressors elicit dissimilar transcriptional profiles in the paraven-
tricular nucleus of the hypothalamus J Neurosci. 23, 2003, 5607-5616.

117 Pacak K. Palkovits M. — Stressor specificity of the central neuroendocrine responses: implicetions for
stressrelated disorders. 2001. Endocr. Rev. 22(4), 502-548.

118 Ghi P. Ferretti C. Blengio M. - Effects of different types of stress on histamine — H3 receptors in the rat
cortex, Brain Res. 1995, 690, 104-107.

119 Pacak K. Palkovits M. — Stressor specificity of the central neuroendocrine responses: implicetions for
stressrelated disorders. 2001. Endocr. Rev. 22(4), 502-548.

120 Meerson F.Z. — Adaptation, Stress and Preventive Treatment — Moscow. Science.1981.p.278. Mason
J.W. A review of psychoendocrine research on the sympathetic — adrenal medullary. system. psychosom.
Med. 1968, v.30, p.631-653. Meerson F.Z.. Physiology of the Processes of Adaptation, M., 1986, P.492-520.
121 Teplov S.I. Hormonal Factors of Regulation// In the book.: Phisiology of Blood Circulation. Leninrd.
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that noradrenalin is involved in the self-regulation of the brain on the basis
of which various cognitive and behavioral reactions are developed. The brain
noradrenergic system is activated as a result f the effect of stressogenic irritators,
when concentrating attention, increasing movement activity, going from one
action to the other, etc. (42)'2. The effects causing secretion of cortisol and
adrenalin in blood prepares the body for fight and represents basic mediators
of sympathoadrenal component, as the main factor of speedy mobilization
of the forces protecting the organism — in order to restore the balance, i.e.
discharge of hormones and biologically active substances during the stress
means the beginning of reactive syndrome of stressed condition, controlling all
the circulatory and metabolic processes, which finally lead to adaptation with
changed environment conditions (102)'*. Activation of the sympathetic fibers of
the vegetation nervous system causes discharge of adrenalin, adrenalin in its turn
activates glycogenolisis of the liver and discharge of glucose in blood. Glucose
is a simple carbonhydrate (C,H,,0,), belonging to the group of monosaccharides.
Monosaccharides are colourless, well soluble in water, crystal agent with a sweet
taste. Carbohydrates are major energetic sources of food. Apart from the energy
metabolism, carbohydrates play most important role in metabolism in any sphere.
It is necessary for life and activity life and activity and are of special importance
for nervous system using 2/3 of blood glucose. The basic stages of carbohydrates
energy metabolism in the body are:  hydrolysis, absorption, synthesis of
glycogen, glucogenesis, synthesis of agents containing carbon (glucuronids,
glycosaminpglycans, glycoproteins, etc.), glucose participates in the energetic
metabolism of anaerobic and aerobic processes.

Metabolism may be disrupted at any stage. The main reason for disruption of
carbohydrates metabolism and hyperglycemia is the main reason for the disruption
of cabohydrates metabolism and hyperglycemia disruption of its neural-humoral
regulation. Influence of the nervous system of carbohydrates metabolism is also
confirmed by the fact that hyperglycemia accompanies irritation of the grey
nucleus of hypothalamus, irritation of striate nucleus, psychic tension, emotions
(“emotional hyperglycaemia”), during which irritation of cerebral cortex is
irradiated to subdermal bodies. In the event of hyperglycaemia of central origin,
impulses are transferred through sympathetic fibers medulla of adrenal gland
causing discharge of adrenalin (39,41, 43)'**. Adrenalin stimulates glycogenolisis in
the liver and discharge of glucose to blood during acute nervous stress; the level of

Science. 1986. P94-111.

122 Schulz C., Lehnert H. — Activation of noradrenergin neurons in the locus coeruleus by corticotropin —
releasing factor, a microdialysis study. Neuroendocrinology, 1996, v.63, p.454-458.

123 Akhaladze L., Khananashvili M.., Chikhladze M., - Change of Biological Indicator at Various Stages
of the Development of Psychiogenic Stress. Sukhumi State University International Periodical Journal
“Education”. #2. Thilisi _ Sukhumi. 2010. P. 81-88.

124 Kulagin V.K. Pathological physiology of trauma and shock — L., Medicine. 1978. p.296. Papin L.E.
Biochemical mechanisms of stress, Novosibirsk. Pubshing House. Science. 1983. p.232. Rozen V.B. Basics
of endocrynology, Moscow. Higher School, 1980. p.133.
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glucose depends on the nature of the stressor and intensity (83)'*. Glycogenolysis
is also increased by the impulses reaching the liver through sympathetic fibers.
Disruption of hormonal regulation of carbohydrates is developed not only
during disruption of central regulation of endocrine glands but also during the
pathologies of the glands themselves or changes of peripheral mechanisms of
hormones action. Of most importance for carbohydrates metabolism is pancreas
hormones insulin and glucagon. Insulin facilitates fixation of carbohydrates their
burning, and turn into fats. Their mechanism of action is connected with the
activation of the ferments involved in glucose phosphorylation (hexokinases
and glucokinases) and other compounds involved in glycolysis. Activation of
parasympathetic nervous system inhibits secretion of insulin. (41)'*. It is the
deficit of this hormone that causes hyperglycemia which is connected with the
decrease of cell flow in respect of glucose, decrease of glucose phospholiration
hexokinase reaction, strengthening of the process of glucogenesis. Insulin
secretion in blood is intensified by glucose, cholinergic nerves, some amino acids,
sulfonyl uric acid agents, ACTH. Physiological reactions (responses) to stress
irritator (stimulator) including increased blood pressure, increased heart beat,
fever and increase of ACTH concentrations is related to activation of sympathetic
nervous system., changes of glucose and cholesterol. The nonspecific protective-
cumulative reactions created during stress cause mobilization of adaptive
mechanisms, increase of organism resistance to stress factors which points to
the increase of durability of protective and self-regulatory mechanisms of the
organism and is considered as biologically positive adaptive type of reaction,
increasing the resistance of the organism to pathogenic factors. But if the action
of the stress factor does not change the stage of “exhaustion” (depletion) begins
and organism reserves are being exhausted, specific and nonspecific resistance is
decreased, degeneration and atrophy of organs takes place. This stage is called
a secondary shock and according to psycho-bilogical condition, biologically
negative hyper stress is developed, which is a transient condition from
normostress pathology and is expressed in the disruption of the hemostasis of
the psychic processes. Exhaustion of adaptive reserves of the body during the
stress, decrease of specific and nonspecific resistance cause the development of
many diseases and pathological processes. Stress facilitates development of ulcer
and hypertonic disease, or worsens their development, as well as development of
atherosclerosis, disorders of cardiac structure and functions. (29, 30, 31,)!?’.

At the third stage of stressing - During the test of two active avoidance reactions

125 Armario A. Marti J, Gil M. The serum glucose response to acute stress is sensitive to the intensity of the
stressor and to habituation. J. Psychoneuroendocrinology, 1990, 15(5-6):341-7

126 Papin L.E. Biochemical mechanisms of stress, Novosibirsk. Pubshing House. Science. 1983. p.232.
127 Van Der Does FE, De Neeling JN, Snoek FJ, Kostense P.J, Grootenhuis PA, Bouter LM, Heine RJ: Symp-
toms and Well — being in relation to glycemic control in type Il diabetes, Diabetes Care, 1996, 19, 204-210.
Kemmer FW, Bisping R, Steingruber HJ, Baar H, Hardtmann F., Schlayhecke R., Berger M: Psychologycal
stress and metabolic control in patients with type I diabetes mellitus. N. Engl J.Med., 1986, 314, 1078-1084.
Horizontov P.D. Belousova O. 1. Fedotova M.1. Stressand Blood System, Moscow. Medicine. 1983. p.20.
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during one test for the period of 14 days the percentage indicator of the reactions
did not exceed 30-45%, which was preserved for 14 days. Dirung the period of
the whole experiment a rat was punished by electric irritator (25 electric strikes),
at this stage the rats were unable to form active avoidance for the period of 14 days,
since an animal brain functions in the event of a combination of “informational
triade”. In particular, the rat has a deficit of pragmatic information for a long
period of time. In the conditions of high motivation, deficit of time and pragmatic
information, which was a complex task for them and represented a highly stress-
producing factor. At this stage of testing, the indicator of vertical postures (in
both groups) was still significantly exceeding all the behavioural indicators
(which was especially well manifested in the control group). The number of
passing between signals (3,8+1,4; P=0,003) was convincingly increased in the
test rats as compared to the protective reactions. It is known that such behavior
is manifestation of self-regulatory behaviour not connected to conditional signal.
As for “grooming” the number of “horizontal postures” and raising a head were
significantly lower than the values of automated protective reactions. Therefore,
when using two protective signals in one test for 14 days, vertical postures were
still prevailing in the behavior of test animals. As compared to the period of
established protective reactions, the level of cortisol concentration (43,5+9,2;
P=0,0001) in blood plasma was significantly increased, while the concentration
of glucose (3,8+0,4; P<0,01) an cholesterol (1,7+0,2; P<0,02) did not provide us
with convincing data. While when compared to intact animals, the concentration
values of cortisol (P=0,0001), glucose (P=0,003) and cholesterol (P=0,002) were
convincingly increased. It is known that the general system of brain nervous
regulation (42, 47)'** causes adaptation of an organism to a stresogenic situation
and represents one of the important components of the central mechanism of
organism stability. the given mechanism can be considered self-regulatory aimed
at increasing organism resistance in response to the aversive effect. We believe
that at this stage of psychogenic stress, the behavioural indicators and metabolic
changes of biochemical parameters are of self-regulatory nature facilitating
adaptation to the changed conditions of the environment aimed at the increase of
resistance of an organism to the stress effect. Various behavioural manifestations
of the factors of unfavourable merging of “informational triad” (2, 52)'* in the
conditions of psychogenic stress have been described and studied (53, 104)™*. in
the condition of lack of a large amount of information to be processed and time

128 Schulz C., Lehnert H. — Activation of noradrenergin neurons in the locus coeruleus by corticotropin —
releasing factor, a microdialysis study. Neuroendocrinology, 1996, v.63, p.454-458. Blum K. Braverman E.
Holder J. Lubar J. et al. — Reward deficiency syndrome: a biogenetic model for the diagnosis end treat-
ment of impulsive, addictive and compulsive behaviors. Jour. Psychoactive Drugs. 2000. v. 32. p.1-112.
129 Khananashvili M. M. - Psychogenic stress: Theory, Experiment, Practice. Vestnik, Russian Academy of
Medical Sciences, Moscow. Medicine. 1998. pp.13-16. Khananashvili M.M. Theoretic assumptions of start
and development of the problem of stress. Ed. “Journ. Bull. Exp.Biol. and Medic.” PAMH, M.: 1988. P.78.
130 Gogobridze M. M. Peculiarities of rat behavior in the conditions of increasing burden on the function
of short-term memory. Materials of the 10th symposium <<Experimental and clinical neuroses.>>. Berlin.
1988. p. 57. Khananashvili M.M. Pathology of Higher Neural Activity (Behaviour) M. Meicine 1983. P. 288.
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deficit during the increase of the complexity of analytical and synthesizing brain
action animals (dogs, cats, rats) demonstrated self-regulation of experimental
time. For example, in the event of a sharp decrease of the interval between the
sample collection, the time of approaching the feeder and return to the start
location is increased by animals or they avoid time deficit by themselves; such
behaviour significantly increased the time of formation of pathological reactions
and in some cases it totally prevented the development of pathology of higher
nervous function (54)"*'. If the time factor is strictly determined by the tester,
the animals do not react to all conditional irritators but just to a part of them.
Although at this time the amount of their food decreases, but simultaneously
the burden on their brain. Due to the unfavourable combination of the factors
of “informational triad” the number of reactions between signals in animals
increases, i.e. they move more frequently between the intervals than usual: As a
result of such behavior, the duration of such periods which precedes the formation
of pathological reactions increases. Sometimes pathology even does not develop
(12)'2, cleaning reactions appear (55)'*.

In the event of stochastic delivery of conditional signals, animals change the
strategy of their behavior, in particular they react to conditional irritators by
except one or they move to only one feeder. Since stereotype behavior is not
characterized by such emotional tension as during random testing of signals, it
is considered a means of discharge of of emotional tension. Such action like
increase of diffuse movement activity and increased frequency of movement
between signals (56)"** and gradual changes of biochemical values (81)* in the
conditions of psychogenic stress caused by various types of stressogenic irritators.
The described action is explained as manifestation of biologically positive stress
and behavior reactions reflect self-regulatory action of the brain. According to
Khananashvili, strengthening of the self-regulatory action of the brain should
have begun at the pre-disease stage, when these mechanisms are well expressed.
Their targeted strengthening can play a decisive role in increasing resistance to
brain and generally stressogenic factors of the organism (12, 34)'%.

131 Khananashvili M. M. Chkhubinashvili L. G., Mesheriakov V. Preneurotic conditions and
informational neuroses during the complex integrated activity of brain, ed. Academy of Sc., Georgian SSR,
1976, Nel, p.1-8.
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House, Tbhilisi, 2008. pp.21-26.
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Serotonergic system, which is significantly involved in many functions of the
brain, including emotional processes, reacts to stressogenic effect. It is well-
known that increase of serotonin concentrations in various brain structures of rats
takes place during psychosocial conflict and increase of behavioural reactions
(45, 46)"Y". During a stressogenic action of special importance is dopaminergic
response. Dopamine represents a neuromediator involved in realization of
positive emotions (47)"**. In the synapse, secretion of large amount of dopamine
causes activation of dopaminergic receptors which causes a sense of pleasure or
suppresses fear reaction. Disruption of the mechanism regulating positive reaction
is connected with the insufficiency of dopamine and decrease of dopaminergic
activity. The presence of dopamine in the brain may reflect the reaction of the
body to stressogenic effect. There is dynamic interdependence between the
neurochemical systems of the brain which is involved in neuronic regulation
system. It is exactly the above-mentioned system that provides adaptation of the
body in stressogenic situation and represents the resistance of the body and is one
of the most significant components of central regulatory mechanisms. According
to empiric study, the given mechanism can be considered self-regulatory
aimed at increasing organism resistance in response, to the aversive effect. The
nature of the behavioural acts manifested by the rats, as well as the changes
of biochemical values in plasma are considered biologically positive adaptation
reactions increasing the organism’s resistance to various pathogenic factors. The
general system of nervous regulation of the organism is characterized by high
sensitivity. It activates somatic, hormonal, immune and other functional systems,
the activation of which increase tolerance of the organism to pathogenic effect.
There exists an opinion that the above-mentioned brain functional systems are
involved in the protective, compensatory mechanisms of the regulation and
represents a transitory stage in activation and formation of biologically positive
stress reaction (2, 25, 105)'*. The material received as a result of these researches
confirms that the behaviour that appears during the influence of stress agent:
“grooming”, transfers across signal, vertical and horizontal positions belong to the
behavioural components of self-regulatory mechanisms and metabolic changes
of blood, increase of the level of cortisol by stages, as stress hormone, causes of
the values of glucose and cholesterol in the conditions of different experiment,
which represents the main factor for urgent mobilization of the protective forces

137 Gardner C. R. Recent developments in 5-HT-related pharmacology of animal models of anxiety.
Pharmacol. Biochem. Behav. 1986. v.24#5. p.1474. Jakobs B. L. Azmitia E.C. Structural and function of
the bain sepotinin system. Physiol. Rev. 1992.v. 72. p. 165-229.
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Drugs. 2000. v. 32. p.1-112.
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X1V, Series of Natural sciences. Thilisi 2016 pp. 143-154. Khananashvili M.M. — In the book: Dtsregulatory
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of the body for restoration of the balance and a reaction which is of biologically
adaptive nature, the purpose of which is to retain the optimal mode for brain
function.

The state of negative emotional condition like the reactions of fear and anxiety
develop in a situation which is dangerous for life and are observed when there is
expectation of unwanted development of an event. The state of anxiety within
the norm has adaptive nature.

At various stages of development of psychogenic stress the emotional state of the
rats of both groups was assessed using the “open field” and “proconflict” testing
before and after stressing. As compared to intact animals, after developing and
establishing of protective reactions latent period (P=0,001) and the indicator
of “grooming” (P=0,003) was increased in the “open field” test. Decrease of
research activity in the “open field” indicates increase of emotional tension (92)'*.
The correctness of this theory can be confirmed by the result of testing the rats
in “proconflict” situation as well. In particular, as compared to the test rats, after
stressing in control rats the frequency of the acts of drinking the water punished
with electricity was (2,7+0,5; P=0,002). Test values were significantly decreased
after developing active avoidance reaction (P=0,001) and its 14 simultaneous
days testing (P=0,002). According to this test, the little number of drinking the
water punished by electricity indicates increase of fear and anxiety in animals.
Therefore, at all the little number of drinks of electrified water at the three stages
of development of psychogenic stress point to increase of the reaction of fear and
anxiety. Therefore, according to the “open field and “proconflict” tests, at all the
stages of development of psychogenic stress, reactions of fear and anxiousness
were dominating.

Frequent presentation in the time interval before stressing provides the effect
of neuroendocruine and metabolic adaptation to stress and is similar to the
behavioral neurophysiological habituation stimulus (89)'*'. According to the results
received by us and literary data, in the conditions of different complexity of the
experiment, reactions of fear and anxiety are dominating among rats, which is
followed by changes in behavioral indicators in the test condiutions. This is also
shown by the cyclic nature of the percentage of stress hormone cortisol in blood.
Gradual increase of cortisol in blood was followed by the changes of levels of
glucose and cholesterol, which is also an important factor for the development
of psychogenic stress. Experimental studies have shown that such behavior of
animals and metabolic changes are of protective and self-regulatory nature shown
during stressing of an organism and indicate the resistance of the organism to

140 Hall C.S. - Emotional behavior in the rat. I.Defecation and urination as measures of individual differ-
ences in emotionality. J.Comp. Psychol. 1934. V. No2, P.385-403.

141 De Boer SF. Koopmans S., Slangen J., Van der Gugten J. Plasma catecholamine, Corticosterone and
glucose responses to repeated stress in rats: effect of interstressor interval length. J. Physiol behav, 1990
Jun; 47(6).://17-24.
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stress effect. This state plays an important role in the adaptation of an individual
to stressful environment.
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Summary

In modeling of the psychogenic stress, we have conducted complex study of
changes of biochemical characteristics and behavior parameters in the conditions
of testing of the protective response of different complexity. Materials obtained
as a result of the mentioned studies evidence that:

----The acts revealed at all three stages of the development and establishment
of psychogenic stress during the influence of stressogenic agent: “grooming”,
passing between signals, vertical and horizontal postures - belong to the compo-
nents od behavior of self-regulatory mechanisms which serve maintenance of the
optimal mode of brain functions and facilitate resistance to stress and adaptation
to the changed environment.

--- At a time of stressing, reactions of fear and anxiety are dominating in the be-
havior of test animals, accompanied by changes of behavioural and emotional in-
dicators, which are of protective compensatory nature in the experiments of dif-
ferent complexity and hence, demonstrates self-regulating action of the brain that
plays significant role in individual’s adaptation to the stressogenic environment.

---Stage by stage increase of the percentage of blood cortisol causes changes of
the levels of glucose and cholesterol, which is an important characteristic feature
of stress.

---When testing protective reactions of various complexity, the nature of animal
reaction along with the changes of biochemical values in blood are considered
biologically positive adaptive reaction increasing the resistance of the organism
to various pathogenic factors.

---Behavior and metabolic changes in animals are explained as manifestation
of biologically positive stress and reflect the self-regulatory action of the brain
expressed in the increase of the organism resistance to stressogenic factors.

--- Discharge of hormones and biologically active substances in the organism
during stress shows the beginning of the reactive syndrome of stressed condition
controlling all the circulatory and metabolic processes, which finally leads to
adaptation with changed environment conditions.

The study results have both theoretical as well as practical value. In particular:
in particular, Aas a result of complex studies the new theories have been adopted.
The hormonal and biochemical shifts manifested in the conditions of psychogen-
ic stress developed as a result of unfavourable combination of information triade
indicate the increase of the resistance of the protective and self-regulatory mech-
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anisms. Obtained results are important from the practical point of view as well
as they have shown the behavioural acts reflecting the function of self-regulatory
mechanisms and causing the increase of the level of resistance of the organism to
the stressogenic factors dangerous for health. It is important to strengthen these
factors and not suppress them (“treatment’) which is often the case in treatment
of the disorders of neural activity. The results of the research are important for the
prevention and prevention of diseases that can develop as a result of stressogenic
effects (diabetes, diseases of the cardiovascular system, etc.). The symptoms re-
vealed during psychogenic stress do not contribute to the increase of pathology,
but, on the contrary, they represent the body’s protective mechanisms. Therefore,
the study of the self-regulatory action of the brain is important, not only for dis-
ease prevention, but also for the optimization of brain function, which demon-
strates the relevance of the study of self-regulatory behavior central mechanisms
under psychogenic stress.
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