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60 dam3smgmds ,mos-3gmabs” s ,3Mm3mbamod@n®a® Ggb@oo s bobbemdn
3MOE0dmmab, gemzmdabs s Jmemagbggmobol 3mb(396@Ms300L 8shggbadgmo.

LEMLEMYBab I9bsTg 983Dy (60 5d@omco asbMowgdal Mgadzonl ,q096-
2056985 14 ol g56353emmdsdn, domo ghmEmamo GqbBoMgds dgdmbzgzom
096808009360md5d0 — a9mgmdsbal LGMJsLEGNM 3BMaEsdal Jgbodsdobsw) — o8
9893933 83560bademg@s (3bmz9mgdol gdmzomMo BgmdsMgmds ,mos-39mobs”
s ,3Mm3mbxmod@ncn’ EgbBom ©s Lobbemdn 3MEEDMEOL, gmmm3mdabs ©s
JemgbBgMobolb 3mb(396@Ma(30s.

8  bobsbsdzoem 3. — 0bymGdsizonmo bgmgbo. bofoGoggermb 8936, 9Gmzb. sj00.
859m8398cmmds. mdoemabo, 2008. 33.21-26.
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0330 |. b§Mgbob g353em9bs MmEM3560530b
domdndoy@ dsRz9698mgddg

»3bsdgMmgg dgogm — dommmaon® 3936096930 MEMas60B30l se3@)e-
300b  3Mmdmads  IMdngoE  (339mads  aoMgdm  30Mmdgdmsb  gfMm-gMmo
Y39mody dg&memamn bosgombos. s39Mbonm bgdmddgmgdsdy mMasboddol Mgs-
J30o ©33m30adamns, Mmammz bgdgmmo LabEgdnlb 0bwogosmu® msegolbyg-
9593y (886(")@)03%3), obg Dgdmgdgmgdol &n3dg. NmEEBgH 3g6mb3s (13)°
30Mggmds 5bndbs, MM MmMasbnDddn gMmbsoMa 3sbmbmadl LEmmosw gsbLb-
3539890 BoDo3M ©d BLodozn® Dgdmddgrgdsdg — asdmymagl s cn 3dgm-
Bgs KxoM33mol E306mz56 bogmagfgdnwsb sMgbamnbl. 396mbol msbsobdsc,
998938980, Bm3mgdoz Lobbemdn sEMgbsmabolb bgzMgasl 0bggsb, mMasbabaLL
53bogdl dMdmmobmgal, Mm3gmoag sbmznMmgds dodmsb, gosgmmgdsbmsb ©s
&3030mmdb. 33bsdgMmazg boMdmoagbgdom sMgbsmobn s bmMsemmgbsmnbn
LEMYLYEo  3obyybol Lad3sGm-sMabaMammo  3M33mMbyb@ ol doMoms dgwns-
&MMgdL boMImaagbgb, MHmamE(3 mMMasbobdob @sd(339mo doemgdal Lobbmogm
dmdomnbs(300L FnogeMo God@mEn — sMmmazgmmn Bmbsbbmmmdal smbowggbsow,
9:0. 356033m 306Mmdgbdol (33momgdgdo o6 0b393L HBobommmaonmo 3Gm(3qbg-
3ol LgFomDdNm ©IMPZ390L, 03 dgdsbobdgdal 3m33mgdbol Bysemdao, Ema-
mgdo3 PbdOY639mymBL MEas60D30b JpaMomdsl — 3m3gmbiEsdl (14, 15)', 3m-
dgmbodal gbbogms Bomdmaagbl mobsdgmag dommmanabs ©s dgmn(30bals
96m-gM0 N3ndgmgl 3Mmdemgdsl. 3mIgmb@ebal (36988 50bndbagl oM dbmenme
mfa560D30b Lbgsabbzs gobommmaon®o 3mbLESEEOL (36mdorn FnwIagmdsl,
503390 0b 3ma3o3L BoDommmanyMo Mged309d0lb s@e3@d(300bs ©S 3MmMEMEN-
bozn0b 3Bm(39LgdL, EMImadai HOONbZgmYMBg6 MMAsbaDI0L gMmSbMISL,
Fmgm@ bm@3sm 30mmdgddn, sbgzg dobo s@Lbgdmdal domdgdals dg(33emo-
Lab. MMas6nB3nL LEGNIENMYdaL ©s BMBJ30980L gFPMEsbmdal dgbsmhmbgdada
dmagatn Mmmo g39m3b0lb bgMgmm, 9bmzMabym s 0dxby® Lalbdgdgol. bgm-
390 bobGgdob dmJdggds 0b3gg3L 9bm 3Mabymoa KoM33mgdabs s 39898 380-
M0 Bbg30900L 3050 MMgdsl, Mo doMomswan bEMbggmymeyl asMgdmb
306md980L DgdmJdggdobomdn mMasbndInl s@ad3@s305L.

@@ g6 396mbol dmbogqd 3obsgmds 3g(3609Mds 3s6L Lyemngd hedmayse-
0ds mgmmos bgFMgbab dgbabgd (Stress — ggodo&ngméo). Lgeoglb dgbgmmgdom
LEMgbo MEFSLMMO 0 FYbJFNG (33e0mMgdgdol gMcMmomdss, MHM3gmo(s
3005M©gds mEMasbnbdby 69d0b8ngHn Dgdmddgogdol mmbL (16)". dmgznsbgdom
0g0n 50bndbsgws, Mmm3 bLGMgbo ,mMasbobBIL sMEL3g(30GNMG Mgsdoss gofMg-
3mb 6980L30gH 8mJ89wgdsbg” (17)'2.

LML ymzgmEEoYMo (36mM3MYdaL gobmymPgmo babomons. GLogmemmaon-
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 Bodboggmo bGMgbmMgdo 0bggsl MMas6ndddn Gobommmany (33emo-
mg0g0L, o3 9Mm393L 3mM3gmbEedL. 3mdgmbEBebal smbsmggbom Medmegbady
gobomemmaon®o 394560b30 RsoMmggds, ML ,ommb@eba® (14,18 )" 9bmegds.
0913(39, ©MM3930L d98wam3d dommmaonMn BMbdzns YOMMbLgds ,bmMIsL"
0by) @mby@b. LEEgLL dgndmgds 3Jmbrgl bobamdmoagn as3mgbs 0bongowdy.
L3gEogkoco  LEMgbmMmgdo (806. gotdo Lozngg, goMxodo ©d bb3.) 257@0-
M6gd96 LogMom bggBmmmaon® s gobommmgon®  Jbgemb (16)™ Lbgsmabb-
35 030b LGMgbmMgdo syzomgdmoe o6 0b393L doMomgmuM domdadoM s
gobomemmaon® (33e0mgdgol, b3giagando bEmgbmmgdo 0639396 ©ogkgMgb(30-
@ godomemaon® 3sbmbgdlb ¢3060b g@nzo(300L 358 Mbgdal Bsogmoao (19,
20)" 039bmMgod@omemmmdal (21)s, ©9393@MOnm 94b3Mgbosb (22)7 s Bgotm-
&M3bbdoG g bggMgzosl (21)8, Lgmogl dobggzam, LEMgbymo Mgadznol gob-
300056965dn badyzebo Mmemo bgofm-3m@M3mbamy®, 3gMdme, d0dmaynb-sMgb-
96am bobBgdslb gboggds. bohggbgdas, MmI gbomyMabymn LobGgdob ddmsegzm
5d&035@™ML BLogmagbydo Bog@mMgdaz BoMmdmawagbgb, dsmn bgdmddgogdals
dggase dgbsedhbgzee ,LEMgL-3MMIMbgda” ndMEYds, MmamMn(zss SMgbm-
3MOE03MGOM3 Mmoo 3mMIMbals (23)"° oo 3MOE03mbEgMM0gdal (24, 25,) 2 3mb-
(396@M5(305, 53 3603309mmMz9b go3mgbsls sbgbl magal G3nbals 53 BOgdsmds-
by (26,27)*". 91335 M3dmEgbndy smgmon Bemal dgdga Ly gMomsmo @s3znfgzgdals
boggmdggmdy Lgemog o6 YYomymes bgGgmoa LabGgdol 3603369mmdLL sa3E8)-

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.O. 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. sbsgnsdg cm.
bs6s6sd30emn 3. — g 3mdobs o JmengbBgmnbolb dsF39698emol gobbodmgms g3obbbgsggdmeno
bomormmob mogoszgomn Ggsdi0gdol gbBomgdabsb. bmbndolb mbogg@mbodgdol dmmdydo XIV.
bodmb930b398Yy39mm 89360909890 Lyns. 038.2016.35. 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. etal. -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 3sobyybol Bm@Inmgdedo. 3mMIMbgdl, MHmImadas od@oyfse gMmn3zgdmobyb
LEMYLOL Mgomabs(3nedn — dE3G MM Ybms, LEMgLMagbyM asdmnbnsbgdmaw
B3Lodo M Bog@MMgdLsz doohbggws (28)%

LEMYLOL MM BoMdmJ8boem sMSL3g(30RNMH 3(393-d99aMgdrmbom Mgo-
J3090L Lgmogd 3969Momabgdyma sEs3@o309Mn LobEMmdn Mbmws, GmImals
390630000 gds  gmabgde: 1) 3563530l (a%mmgob), 2) 900bEGo6E™MOL s 3)
353mz30830L (306mgg0L) Mged09d0m. mommgmmo dsmgsba babosmwgds JGHm-
bgmgoom, domgadonfn, gobommmaonMo ©s ImE@memaan@o  dobsbosmg-
dmgdoor (17)2. 503380309960 LobEMMBol BsMmgol Bab mdmazol 3ofggmswn dm-
30b gobgomatgds, Mmdmoal MHmbss saomo o3l mMasbobdob Mgbab@gb@mdals
333900 ©ogd390mgdsl, Mobsz dmbogglb ,aobgsdal® (agmmgnb) Lowos; 0go
bobosomgds dnbogsbn mMasbmgdal sbnsbgdom (3og. 3mdob byemmea, 6g36m-
Byemo 8bgdol gohgbs Romobgdd g 3zoemdo, Lobbmoal dgdswagbmmdals (33em-
0mygdgdn, 006 3dgmdges oM 3gmol Imgmmdals BEr0), 9L dmgemgbgdo dgbo-
dmgdgmos obgmo Lo@dol ogmb, GmI, Logmbmobsmgal Lobogsmm gobogl,
dogod o) mMasbnddds admos gl ,bogsmo,” 35d0b gobgomemmgds LG MgLyy-
mo Mg5d30ob gmmg LGswns, MMIgmbsai Lymogd ,MHgDabEEEMAL” LGswns
bmes. 83 LGowosdo abygds Losad@ssom 3gdobobdgdol dmdarmobszns, brgds
Babs LGowosdn gobgomsMgdymo (33m0mgdgdal hodfmmds. 53 LGswnobogal s-
dobobnomgdgmons Mgbab@gb@mdal dmds@gds LEBMgbmMal dodsto, dogfsd oy
LEMYLMENL dmddggds o6 dgbyws, nbygds LGMgbyma Mgsd300L ,a5dmBn@z0L*
(306mg30L) LEswns s sanmo 593l MMzs60B3al boswad@oom MgdgMazgdols
5dmbyM3sl, L3g3BNIYM0 s SMBb3g0BINM MgbabEHoEMaL wsdzgnmgdsl,
mfgobmgdal ©gagbgMs30ol s s@Mmmaasl. o3 bGswnsl dgmmsw dmglb ybmeg-
396 s dgbadmadgmos mMasboddol om3dze 3o dmyggb. bgdmor smbgmoem
3oMzggem ©d dgmMyg LGonsL Lgmog ss3@MG (33momgdgdse dnoRbgzos s o3
LEOgdal gMmMImombal ,gbEMgLo” Ybmws, bmmm LEMgbyma Mgadznal
353mx30830L LEdnsdo dndnbsfmg dmgmgbgda 3s59MHMNsbs BgMdnboo ,0b-
&Mgbo“, Mm3gmbsy gobobomogms Mmam(y smmmmansl. dodsbowsdy, aqbgm-
smndgdmo  s@a3@s30Mo Lobemmdol bLsdogg LEswns asbbabmgmagh mmgs-
60B3ol oMo oM™ dommmanM damdsfgmdsl, sMsdge (33emaeeo 3Mm3gbgdals
LogMom dmasw damabLb.

LGMYLOL Losgomboo dMsgamo dzzmggzamn NbGIMgbos ©s ©mgobamgal
080 33mog g momudos. bdom dgdmbgggeda @gcdnbn ,LEMgba® Lagmggmomsmm
353maygbgds, Mmamz domemann®ae Jomymegomn, bsbogsmm, sMsbabymag-
mo 3amdatgmdal gsdmadbs@ggmo, o3 (3bswos dmambmgl dab d3nMboemdsl,
35d0b MmEgbaiz LEMLOL ©3bndzbgmmzgabgbn &b(300s MMabaDInL s(335(3
Bgdemogo gsdmnbnsbgdemgdal 3mddgmgdabasb, suamgdgmoas yn@aomgdal go-
dobgomgds LEMLOL EMML, gs3mgmgborm 03 BbJ(3090Dg, GMIgmoai gobsd-
0mHmdgdL MmMasbobdol dpamomdol Embal 86935l gsbIMmgmmdabogal babog-
500 bGMgbmagbMo Bogd@mMmgdabawdo (12)%. LEMYLOL EmEo 3G o390 Mms

22 Cenve I'. — Cmpecc 6e3 oucmpecca, Mockea. Ilpoepecc. 1979. ¢.124.
23 Selye H. — Stress withaut distress. — N.Y., Holder and stoughton, 1974. P.178-192
24 b56363d300m0 3. — 0bggm&dsz0memo b§Egbo. bodsmamggarmb dgc;36. 9mm3b. s jow. 8o8m398dmmmds.
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M350 ©553500900L S dsmmemmaonmo 3Mm39Lbgdal gobzomamgdabsb. LEMgbo
bgmb bymdl bymymmgsebo s 303gMEMbymo ©ss35098980L baMdmMdmbsl sb
30d0bsmgmdals gomemgbgdsl, s3Mgmgg smgMmbgmgmmdl, gnmoab LM nm-
ob > gbd(300b amgggel (29,30,31)%.

d9bi0gfms gotom beg LEMgLL asbobomogl, Mmamz domemmaonmae
509600, 333G Mo bobosmal 0bGgafomnm Mgsdiasl, Mmdgmo DMl
mf3560D30b BaMmomdsl bbgsmsbbgs dsmmagbyma od@mMgdol dodstron (32,
33)%, dobgom bsbsbsdgzommal dabgogom, xbogdmagbyma LEGMgLbol 3mobogngsso-
ab domemgom®o 360d369mmdols gomgamabbobgdom, dommmaonMsem ©s@gdocmn
BLogmagbnmo bLGMabo sMalb Be@MIMLE ML, BLogm-dommmanymo dgmdstgm-
ds, Mmdgmoz gsdmabs@gds xbodognMo BMbdzngdal dnwdog sdsdymmdado.
0gn bgmb 1bymdl s@se3@o(300L (3bmzMHgdal 30MmMbgdmsb, Moms ¢ dEMbggmymb
ddngom (3359mgds gomgdmdo mMasbnddol GLodognmo gMblzngdol m3@o-
domen BpamBatgmds (12)7.

LGMgLaL asdmdBzg30 Jobgbo AMsgoIRGMMBNS, gofgdmb demngMa (33mmoegds
ongom mMasbndddy s dob Gbodogzsdy dgodmgds bMgbol gsdmadbggs dobgbow
Ronmngsmmb. DgdmJdgogdgdl, Hmdmagdars 0639396 LEMILL LGMgLmME9AL Mbmwg-
396. LBMGLOL gmsbognganal dgddbal ML g453mnygbgds s gfMmo, oMsdgw
dmgmgbol Msdmegbady @ndoymn dohggbgdgmo (60306-0730[)360), 005(3 B~
OM3gos 3mabogngsznol Rsmhm.

bobobadgamol  dabgwgom, LEMgLoL 3s3mdbzgg Fodgdms  mmoboggogzs(sn-
580 gobabbgoggdgh ™ dofMomom gm@mIsl: gabagn@o (stexkbodmagbmn) s
BLogmemaon®o (%bodm&g&g}ﬁm) LGMYLmEMgd. Bobogymo LEMbmMgda (Bomo-
™m0 5 3dsmn  §qd3gMme@ s, §Mogds, dmogMn BadoINMo ©IGZMMZS ©d
bbgo) @dgsmme bgdmddgogdsl sbgbgb mMasbobddyg, meMgsbmgddy, Jumgamgd-
by BLogmagbymo LEEGLmMEGd0, adolb gomgamabbobgdom oy Mo dmgmagboms
®3NBL 0gznmzgbgds LBMgLalb 353mdbzgzo dndgbo, dgodmgds nymb: gobo gy
(50bognmob J393 3ommdomam ngmmabbdgds yggms stogbodozm®o Bom8mdmdals
353m0b0sbgdgmn) s gLogdognmo. FBLodogaMo God@mMgdao  asdmbazgmmos
BLogmagbymn LEMgLo. dob 353m3bzg3 43N BNsbgdmgdlL g3mmzbal: LoGygs
(,,33660@‘360 b@)ﬁ)gbn“), 3ommdootgnmgdbymo Logbomndszos (30600600)63%-
mgdbyen b@ﬁ)abo), B3LogmbgMgmmoa LBMgbo (bo@nm Bomdsmonyyemo deggo), 0ob-
symeomo Bbodmagbymo bnaBanc’ooGno(nBSﬁm@oBao), 3Logmagbymo Logbsem-

odocenobo, 2008. g3.21-26.

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./7]., Benoycosa O.U., @edomosa M.H. — Cmpecc u cucmema Kposu,
Mocksa. Meouyuna. 1983. ¢.20.

26 Banvoman A.B., Koznoeckas M.M. Meogedes O.C. — DPapmaronozuueckas pe2yiayus SMOYUOHATLHO20
cmpecca. M. Meouyuna. 1979, ¢359. Kykoe H.A. — Ilcuxocenemuxa cmpecca. Ilogedenueckue u
9HOOKPUHHbIE KOPPENAMbL 2eHEMUYECKUX OemepMuHanmos npu Hekonmponupyemoui cumyayuu. Cauk-
Ilemep6ype. 1997. ¢.150..

27 b56363d300m0 3. — 0bgm&dsz0memo b§Egbo. bodsmaggarmb dg¢;36. 9Fm3b. s jow. 8o8m398demmds.
odocenobo, 2008. g3.25.
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0Ds(300 (0530L &3060L J39(36md0gFo Imddgads — GLbodmagbmmo LML) (12)%.
6o dobgDomss o6 Mbrs 0ymb 3sd8mbBzgmmo LEMgbo, abo gsdmgmabgds gfma-
356MmM3500s, 0 o6 Rsgmzmoom 03 bobGgdab (63633@«)60, m(ﬁaoBm) 30M39mo©
95d300b, EMIgmas gobozob bGMgbmagba®o god@mmal bgdmddgmgdsl 564
o 360l LEMgLOL g33m3bggz0 BoJ@MMab MMasbobIda dgbsbgmagmo ,0d3e60“?
(34) 2. ALogmaqgbama bLGMgbo, megobo dommmanymo 360d3b6gmmdom sl Mo
a5bLbgog9dnmo dpamdamgmdal 303mdba@3gmn: @ogdnmal s WoMymBamab.
3o aobbbgoggdmemon 894o60bgdo, mogz0L E30b0L gobbbgegzgdmmoa Lobdgdgdo go-
ba30MmMg3L s gb pamBsmgmdgdo gMmdsbgmb o6 Rogbs(33mgds, g.0. 56 Ml
960356900l 9@s3900 (12)®. gbogdmagbymo LEMgbo °mdm(3960938s RLogngnEo
RB59&™MM9d0L DgdmJdgogdol dgmgasw, 3nMzggmabsm 0dedgds ol 894o6n0d3gdo,
Mm3madoz BLogogn® K64 (3090L gobs30Mmdgdab s 3oMzgmose dmddgwg-
396 ma30L B30b0b Mol gbd(3096%g, Mmamozss dgbbogfgds, dm@ngs-
(305, 99mM(309, aomsby39@0mgdol Jomgdol 3Mm3gbo s Lbgs. 83 dgdmbggzsdo
LEMYLMagEYM0 Bogd@MMEL dgbabgmamo ,F0d o600 B30b0s, HMIgmbss Bgmdmos
LE®LYE JpamBsmgmdado RsomEomlb Lbzssbbzs LabEgdgdo: gbomMabayma,
039byMo, amem-bobbemdostmmgms, bagdmol dmdbgmgdgmon, godmadymego s bLbgs.
360d369emm35605 abog, GM3 sMoxbogdmagbamo (cgocbod‘gﬁm) BB gdoon ao-
dmbggmem LEEgLL ymazgmmzalb ™Mb Lrgsb YsMymauomo gdmzngda. 83a356Mow,
dgmeoe  gMmzgds LEGMaLOL GLogmagbyGo HoJGMMN, Mo megobmsgsw
LEMYLOL >MBmM(396980L 3oMzggma ,F0d3oMdg" Imd89adL, MLy Meb Imbrgsl
LG®LObMZEL Fsbabnsmgdgma Ly@omal asbgomsmgds (2, 34P'. nbogdmaqbyy-
&0 bLEMLOL FobmdMog BoMBMAMBIL gobs30MMdgdL 0bxzmMmIs300L IMDM3e390,
091335 0b6xMEMBo(300L BMILS, Fobo IMDM3e390s Mogobmsga oM 0bggsl LEMLL:
5530560 m830L ©306L, MsdFMegz0 0bxzmMMmIs(300L 8 Jds S asmsdndeggds dg-
dmos, 0bgzm®ds300L Bmbrgazgds asbbabmgmmmn ommdgddo dgndmads gswan-
J3ab dmogm LEMILMEIbNH God@MMsw s gbadmms asdmabzomlb ssgsg-
ds, MmM3gmbsz bobsbsdgomds 1975 Bgmb “0bgm@dszommo ByMmzmbo” Mbmes,
bnenm 3980amddo m@cm goMom asagdno “0bgm®8szommn ssgagds” (12,
35)%2, 0bgm@®dssommo bMgbo, BLogmagba®o LEMLAL gmAss, ab godmabgggs
03 bsdo Gog@mMalb by8mIdgmgdom, MmMImgdoz 0bgmMEMBs30mmo ©ss350qd0b
omdmM(396905L 30bd30MmMdgdb. gl gog@mmgdas: 1) 0bgm™dd(300L MomEgbmds,
2) 06335300 a003d53980bs s asobY39@0mgdals Bomgdabogals bognGm
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960056 gds MofMymazom o6 bgasGon® LEENYM™sb. 3MmbaGonmo s bggsdo-
a0 bGdPmgdol domody sdmznEgdymgdom (3bmzggmo s3mabl Lbgswsbbgs
batnbbol Mgogs0sl. dmngmo bgas@ommo LEndmmal Dgdmgdgrogdabsl (sbmggmo
3500l ,3mbxmod@n@* Logsosdo Momymaomo gdmonmn sdsdyemmdal 4sb-
300006960L BMBDY, o3 3emnbrgds dnmmzgabs s dodob Mgod(zngdoom. bggsdo-
a0 bGdYmolb domals dgdz0fgdabsl (3bmggmn ,3mMbxmad&nma® Lodssnn-
b gos@al ,3Mm3mbxymad@ ™ Lodys30sdn, MMImalb MLy 3mboGoymn
LENIPmo goMmsgzabomgal oM 3oMaszh magal 360dgbgmmdsl sbyy 83 3nMmdgddo
36m39mab J3g3 bgas@oyca bLGadmmal Bgdmgdggdobsl momddalb o6 o(33emg-
oo.

48 Loomnsbn Bymal ©g3Mogs30nl dgdwga g0Mmaggal, Mmdgmbsaz bobsbbsm
39h3930000 LdggL3gMNBgbEM 3oMgdmL, 3omaglgdwno gomnsda (by.3), Los(g dob
3Jmbeos badmamgds 8ngmm Bysemo 3060l BnmmnEsb (byM.3.5.), Hm3gmdo(s gooms
9m9d@Hmeo (byM3.3.). ,36m3mbxmoddnm Lodmsnsdn” (sbmggmalb Gqb@omgds
amdgmegdmes 5 Bo-ab aob3sgmmdadn. s39@boyema LB EANmOL sMsMLydmda-
Lol (3bmggemo dogmo g4L3gFMndgb@ ol (5 Bo) 35b6353mmdada mm3ogs doemb
5 002g0©d dsbemmgdno 50-60 ymy3L, mocmmgmmn o3 Yol bobaMdmoagmds
Jdgoaqbes 3 b3-b.

»36M 3Mbgmod@n” Lo@ o300l dgboddbgmoa@, gofMmogzsl  bymob
domgdol MHmL gmggem dg-3 63-Bg bymonsbo domnwsb gsdmagzonm 38303bgqm
99O 350b0sbgdsl (0,3 mA). (3@0b a56353mmmdsdn (56m,) 980LEMoMo-
90m@s: domomsb dobgmolb mse@gb@mdo 3gMmomen, ©gbmsb dgmmmagdaymo bymals
LAob 59@gdol Momabmds, (3 mmdsms MomMEgbmds (Bommsb dobgmol Mosbgo
Byemob Bocgdab ao69dg) s ,aB30bgnb* bobamdmogmds. ©gbmsb dgmmmgdmma
Bymol 3oL og@gdalb Momegbmds gsblbabrmamsegl bym@gomal dmEngsznsl s
539MLomm 35300B0sbgdgmb dmEnl 3Mbgmng@al batmabbl. gsfemomdgb, Mma
3mMbgmod@olb LoeM3g oymomgdl (3bmggmdn dadobs s dgmmzgol EMbyby.

93 Korda M.J., Biggio G. Stress and gabeargic transmission biochemical and behavior studies. Advances in
biochemical psychopharmacology. 1986, V41, P.121.
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0,3 Ma

Ly.3. ,3Om3Mbgmod@m@n” &qb@ab 353060

11.3. 3omgndoya 3565398980l g3bLabdrmzgms

I13.1. 3m6@0bdmeol asbbodemges ELISA (Enzyme Linked Immunosorbent Assay)
dgomeoon gomds Humani-ob bs3mhgdom

353mygbgdyemos 3ysggabmgabo, 3msabdg@tn, 0dmbmaygmdgb@mma dgmm-
©0, MHmMImol 3M0b(3030 sdysMgdymmos sb@nggblbs s dnMggmow s dgmMaw
36@0bbgnmgdl dmEnl gggbmgsbo (,,b36Q3nF’mb“ abgogbn) 3m33mgdbols Bomdma-
baby.

36@03mMBdmmyMn  86@0bbgnmgdo  dnomgds  Mea3960L  3MMEGbmMEom
039960bs(3006  dggasm. dbamnbabomgol godmaygbgds 3mobdg@gdn, Mmdgmms
0M3nmgdo o3 ds@gdmmons L3gznsmm@o dobomabogsb, Mm3gmdgi 6@ 0Lbg-

g0 9B9JENMeE dSbMmMdaMEgds. mogEsd3oMzggmae MImgdda dgdysgom
30Mzgma@o 3b@03mEEndmem@a sb&nbbgmmgdo, dgdwga 96@03960L 353(339emn
353mbo33mgg0 doboms ©s dmmmlb dgmEswn s680bbgmmagdo.

3oMggmoaeo  3b@abbgymgdo  godbofMegds mEmINmadab  3gmgddg, dom
M9fmEgds sb@nggbo (mbogd@)nb Jmﬁ@n%m@n) 5 o3 3565b3bgmal Lbgs Mg-
(393@MMgddy dogMmgds dgmMswo sb&abbgmmgdo, Mm3gmoz bgwsdoMyymao
dg0(303L  @.396mJbosbsL (c3.3.m). 5d 96%0dolb 9@ ngmds 3MmEENdmmals o=
mEgbmdal  doMesdomM3Mm3mmzagmos.  b3gEosmumn  daxgmom  3mebdg@nb
a5M93b30L dgdga o 3,3 = 5,5 — §g@Mmedgmoarn 396Dnnbol s Bysmdawnls
Bg0630L bafggol m@IMmaddn sdsGgdabal Jonmgds GgMswo bLBsEN. dobo
06@9bbomds dggbadsdgds 3mMEBobdmmal d53(33gmmdsls, GmIgmas obsdrgMgds
BmB™MIgGFdy (EL-X-800, A=450np) (94)*%, 6m35d0 3MME0dmmal 353(339mmds
dmdMEomo 30Mmsz3960L dMo@dn (3em5b35d0) a0l 5,2 — 6,2 33men/m.

94 Qelkers W. et.al., In: Rationell Diagnostik in der Endokrinologie (Ziegler R, et.al. eds) Stuttgart: Thieme,
137.1993.

30



11.3.2. Jooemgb@gFobol goblsdmg@s g6badnmoa (Jmemnbgbogebeemo)
PAP — 3gom@oo g3omds Humani -ob bsgMgdoom

dgomol 3M0b(3030 @sdYsMgdygmons  JmmgbggMmmol gogMgdol ©gMdgb-
& Jommmody g. Jmmabgbogmabab (g. g) bodmsmgdoom s 398wga cogalyy-
@omo Joegb@gfmmmob ©ogsbazedg 4. dmmomdbosdsb (d.m) bgasgmgboom. o3
95d300b dgrgase asdmmagobygmgdmmn bysmdswol bggsban 3. 3gMmdLo-
3bab (3.m) 8mbsbomgmdao b393L P-5806mab@n3nMobol s Ggbmmal gsMwosa-
bob BgMo bogmogMgdo (donBnaSnEoQ):

Jomgb@gmeol gogHgdo + H,0 ----:-II-:J-I---—> Jomgb@gemmb + (360dmgsba dgeggqdn
4.
JomabEgmmo + O, ---=====mmmmmoe — 4- dmmgb®gbmbo + H,0, + 2 H,0
3.m
2H,0, + 4 — 530b6me3gbsdmbo + ggbmeno --------- — Jobmbg8obols Bodmbaddbo + 2H,0
(p-5806m36@B0306060) (Boogemo 3g6nl)

390l 0b@gbbomds sbobogl LogMmm JmmagbBgmmmals Momogbmdsl, MmAdgemacs
0bodM3gMgds omdodom® sbamabs@medg (Humalyzer junion, gg68s60s). 3s@armg-
@M 65M3mMgdL JrnmagbggMmeal LG sbosMmE b (5,2 33men/em) 35bboDM3Ms s
3980093 Jmemgb@gfmemol bagfom Momegbmdals godmaogeme:

md099&ob m3@). 94LE0b30s
---------------------------------- X 5,16 (83mem/em) (95

LEObIMEBOL ™M3E). 97LENb30s

bm@3sdn Jmegbgimmal dgdsggmmmds dmdMamgdals 3@ do (3emob35dn)
ol 3,7-5,2 33men/em.

95 Pisan T., Gebski C.P., Leory E.T. etal. 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 Bob gobbobdmgs 96badnma (3 mmgbosdyn)
PAP - 3gomeom gomM3ds Humani-ob 6s36gd0m

dgom@al 3Mab(3030 ddysmgdmmos 3ogMal ¢obgdswom ygMd b gem-
30 dLosbsb (g.m) Imbsboemgmdom gemm3mbol ogsbazedg, Mab dgmgasw Bom-
3c0g3698s Byorndaalb bygyaban (H,0,). 93560b369molb @admob emmb ggmdgb@
3960mJboabsl bgdmddgmgdom LBsM3MadL Bgbmeol s P-530bmab@ndnmnbals
3mbgbLo30s BgmgMom (JMHmBmaqbym) bogfomsw. bLBsML KMol 068g6Lom-
3o sbobagh ame3mbal MomEgbmdsl, GmIgmai 0DM3gds domdndon sbaembs-
&mcdg (Humalyzer junior, 3g63s60s):

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

2H2 02 + ggbmmo + 4 5306msbGodnfnbo ----------- -

4 (p-396%mgobmb3mbmn8nbm) 3gbsdmba + 4H, 0,
BgMd©0 Jobmndabo

3o@omgmanma  LBsM3Mgdl LEsbosmEl (5,55 83me/m) aobbdmgms s
3980093 am)3mbL Mom@gbmdol gsdmmgma:

md099&0b ™3@). 94LENb30s
---------------------------------- X 5, 55 (83mem/em)

LEObIMEBE L M3@). 99LE B30

bm@3sd0 gemm3mDsb d93(339emmds ImDEMnmgdol dMe@3dn/ 3emsbdsdn Mool
4,2 — 6,2 33eaem/em (96)%.

9963960896 mmo  Bgaagdol  LESGOLEINM YDENb3gmYMBs  FSbbmM-
(309ed 3MmamMadmmao 3539&0b Microsobt Excel-ob godmyqbgdom. godmgmgs-
maqo 35B39698mgdal Ladmaeaem (M) 8603369mmads, Lodmsmm 33. SD asobMs s
LsEBINbMgdal 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.
ALogmagbyma LMgbob dmEgmanmgdabsb baegmo s bLs3MbGMHMmEm
30600533930b domdadogo LGsGnLab 9e35L9ds, J(333000 3 g3mz0Ma
3sbsbndcgdmagdab 356LdrzMS

330 lI.1. J393000 5 g3mz0n@a 33R39698mmgdab (33emoemgdgdo a3bbbgsggdmmao
&03ab 53@onmo 33bMngdab Mgsd30gd0m 333mbggynem RLngmagbyma LGMaLAL
35630056730b bbgzssbbgs 983dg

0330 lIL1.1. 58090 gsbMnwgdol Mgsdonlb godmdmdsggds — 3s563@303900bs s
9600 (300b gob63s3mmmdadn mMn sgdGnmEo asbMnmgdal Mgodznol Ggb@omgdol
0653035 LaEgm 30Mmsg395do0.

M6 bbgosbbgs da9Mom as8m0bosbgdgmbdg (3@ Mmbm3n — 23;; Bmbo — 500
3i) (39003939 ©JG0Mn 3sbMnwgdal Mgsedz0nlb gm@Iomgdals 3Gim(3gbdn Las-
9o 300m333980L 4(3930L, ©LBSZMOLS s FgbLngMgdal dgbbagemal Jobboom
99b3960896@ 0l bgmgmmdabal smzMnzbagwom: dagfncm boabsmby (3bmggmadals
3096 BgbEnmadmmo LB Mgod30980L Bom@gbmdsl (Bmzs dagMoma Loabs-
ol 0dmmomgdamo Imgdgogdol 3gommdn gemgd@mm-3@3036gmo asmabos-
69d0b a0693g 306Mm0a3s 3o09300MES 339ME0m  3sbymanmgdsdn), doGmdooc
Loabomadl dmEnl 0bGgMgsmdn 30Mmog3qdal doge gsdmzgmgbomo 4393000
0JBg00b Mommgbmdal s babgmdmngmdasl, 3sagbmnm Ji3gz0m 898gdl dmEnls
®365x35MEMdal babosmb.

99b3960896@ 0L Abgmgmmdabal (3bmggmgdds gsdmagmabgl d53wga0 Ji3g-
351 bLogbommdmEob gowobgmgda, ,a6mdaban”, 39M@0zomacn (30Mmoagzs ggbby
gl s Mmemgdo 35960 593L aob3nmn) s 3MMbMBE S0 (30Mmsazs Dol
s Bobs msmn Bab 359630 o43b asbzmomn) amdgda, Bg39mmGa dmeanbgdabs
5 0306 5b730L Momegbmdas.

bozgem 306mog39830 80%-0060 3M0@gM0mdol dobombggew 3oMzgm daqg-
oo 35900b0sbgdgmdg (398 HmMbmBa-233) of@ommn 3sbMogdol Ggsd(z0al as-
dmIMdszgdsbs o aob63@ 303905 @abgnmms 120-160 dgmmemads. dg8Hmbmady
0d@omn aobMnadal Mgod00b godmdndsggdsbs s asb3@ 303900 dgdwga, nb-
49dm@s 8@ 3sbMngdal Mgsonl aedmdndsggds dgmeg dagfnom godmnd-
056939mDg — @mMbbdy, 93 dgdmbgg3zedn (3bm3z9mgdl Mmezs(330m0 Mgad(30s MYBE™
LbFogs© godmymdndsgmam. 39Mdm, sd@onfn gsbMawgdol Mgsd00b Ggb@nmg-
3obob 8gmeg dagMoom ao8mnbnsbgdgmbg (&mbn-5003i) (3bm39m g3l obBsgmal
3608 gm08ab 8nbambgzee 60-80 dgmmmgds obdommson (bye.4).

M0 3d@omEo asbMngdalb Mgod00b (3om(3om3g 3o8mandaggds — a5638)-
303900L d93ga  30bygdmnm dgBHmbmady s GMbDY od@oyn asbMoadals
95d(30900L Bgb@ncgdsl gfmo (300l asb3sgemmdadn. dofmmdomoa Logbsmadals
Imbo(33mamds  bpgdmos  gqgmgmdsbol  dg8mbggznc  msbssmdsonmmoa  (50/50)
bqdob abgzom (ab. Fgomengs). gemo (300l gob3sgmmdsdo mMa sg@omca
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35bM0gd0l Mgod300L &gbEGNMgdabal doMmdom gsdmabasbgdgmdg Mgsdzngdal
3Om396@ Mo 3shgg6gd9mo 14 omal (280 ag‘gmggbo) a9b3sgemmdsada 30-45%

oM 5gds@gdms.

0303500, (35e0-(35em39 d39M0m Loabamdy dg@nMo Mmogzs3g0m0 Mgsd(30-
ob d93mbB3gdabols bokggbgdn 0dbs, GmM3 (3bmzgmgdl dgmeg dagHom bogbsmby
(@mBn - 5003@) M53005(33000 75300 YBO™ LbMogsw asd3mydndsgosm (2-3
QQ{J), bengnm 80%-0560 obBagmal 3Gn@gmondal dobsmgdse 30Mzgm dagfooc
35300d0sbgdgmdy (83@6(\060080 - 23@) dgamgdoo dg@o ©mHm (6-7 QQO) ob-
FoF@om sg@nmmo gobMnwmgdal Mgsd0ob as8mdndsggdsl (bym.4).

33B0IB0 335630RI0OL FISIGO0L 353™MIIBTS3IBOL R0N65303d LSGRIV
3000053333980

120

00

=

Lfmdo @Ggsjiogdol 3shggbgdamgdo (%)

9JL39®0396@ 0L wmggdo

Ly@.d. 5J@onma 3obMawgdal Mgogiznol 3odmdxdaggdol @bsdags

bozge g30Mmag3gddon.
30dMb@orm iy mgfddy — 94L3gM0396E@0b mggda.

3908035 @ mgfmddg — LEMG0 Agod(30960L 3BmM(396@Mma dohggbgdgma.
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N.1.2. bosgemo s bagmb@mmenm (3bmggmgdal Jisgznmo 3shz9b9dmgdols
(330000900 5d@0Mo gobMnwgdols Mgsd300b gedmadndaggdabs ©s
3563830(3960L 3gFommdn

BLogmagbama LEMLOL asbgznmamgdals Lbzswabbzs §8s3dy, asbbbzsggde-
mo Lofmoyemob g4b3gMndgbB ol 3dnmmdgddn gbbsgmmdmnm goMmsazgdal J393-
ob m@ Lbgowabbgs dggfom asdm0obasbydgmby (83@60)6(080 - 233 Bmbo -
50033) — od@omGo 3sbMnegdalb Mgod0nlb godmBmdaggdsbs s 20638 303900
396omedo (L)OGQSQ)O 3060)033360). (3000b 3030bsMgmdabsls GoMogdmes Lo 3mb-
BOmmm 94L396M039b@ 03, FoMmogzgdn dmmagbgdmmo 0943bgb LogdL3gMmndgb@m
3500l 339M0m, 9mgd@&Mmmxyn30Mgdmmo 05830l dJmby (40 Vv, (33500 (;9360)
0D gdyem dgmambyg gobymeznmagdsdn, Hm3mgdo(z 0gdwbgb 0gozg Momegbm-
doo 38303690 300b0sbgdsl, Mabars Loogmo (3bmggmagdo xsddo, 03 gsbLb-
3539000, H™M3 dom o6 3Jmbosm 38303690 3ornbsbgdabasb magal sMnwgdals
Lodgomagds (bodm[i@)tﬁmqwm 3060)063360).

5d@0mMo aobMowgdal Mgegd300b BMmMInMgdob OH™ML doMmdom Logbsomgdl
Il 0bGgMgamdn 30Mmag3gdds asdmazmobalb d93wgan J3939: 396ME03drmG0
(tﬁmeo 306000335 Bgbdy ©asL s Mmemgdo 3sgMdn o43L 6063(90@0) > 3mMo-
BmbG oMo (6(0(30 306000335 ol ©d Bobs moma Bab 3sgMdn o3l 6063(90@0)
©amdgdo, Logbsmmdmmnl gowsbgmgdn, ,acmdoban” ©s Mmagal s6g30.

30Mggem daqfom 3530b0sbgdgmbdg — (83@)60’)60)80 - 2333) oJ@oFo gob-
09d0b Mgod300b ged8m3ndsggdobs s 30638 30(3900b 3gfommdn mMngg xamyab
(36m39mgddn 50bndbgdmes hggblb ngM MganbBMmomadamo J3g3000 3shz9690-
mgdals MomgbmdMogo (33emamgdgdo, Lowss mMogg xaBob (3bmggmgda mobs-
do0 MomEabmdom gemgd@mm gs3cndnsbgdmb mgdymmmds (gggGom sbygs 16-
®9O oMGYdom). (3930000 BMMIGdnsb LoEgm g0Mosa3zqddn ,amm8nbaol
babgmdmngmdol 3Gm(396@mo 3shggbgdgmo 0,6%(+0,5)-0;m 3530009300 505~
mo 0ym 390&0 350 4,7% (£2,3) o 3mE0dMbGdrm®a 2,6% (*1,1) amdgdol
babgdmngmdol 3Gm(39b@mm 35h3969d9mmsb dgoamgdom, bmmm 396 @0 oem-
0 ©am3gdol babgmdmngmds 5¢s6dgdes 3mEmndmbBomyMa amdgdol babam-
dmngmdal (by.5.6. gbfama.1). LogbommImal gomabgmagdal, msgal sBggems ws
B3935 nG0 dmeabgdol Gomegbmds dgbsdsdabor 3,4 (+1,2); 22,2 (+7,8) s 5,6
(£1,7) oy (by@.5.8. gbagma.1). 9JL39M08968d0 Lo 3MbGGMEmM Kxamzol (sbmggmgd-
3o, bLomgmo (3bmggmgdobasb gobbbgsggdom godmsgmobgl sMbgdocmo asbbb-
393900 43939 30639 da 960, godmndnsbydgmdy 39@MmmMbm3dy, mommgem
J39300 0dBgdb dmEal mebogaomds sbgma aym: 396 03emaEo am3dgdal
15,7 (£7,8) babgdmngmdal 3Gm39b@&mmo 35A396989mn bsgdome smgds@gdmms
3mE0bmbG oMo amB8gdol 9,8 (+6,5) s ,a6mdabanb” 0,1 (£0,2) babgmdmoagm-
dob 3Mm(396@ M 3ohggbgdgmb, g0l sbggems s ggzomMa dmenmbgdol Mo-
mEgbmdmngn 3s5Rz9696madn dgbodsedobow 24,6 (+6,4) 0> 6 (£1,4) ogm (by@.6.o.
Gbﬁnqml).
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sbGoema. 1. 43930000 3oh39698mgdols LESEALEINGN BgRobgds sg@&oncn asbn-
©90b Mgod300L godmdndseggds — gobdG3n(3gdabs s ghma (300L as63sg3mmdadn mEn
5d@omcn gobGogdal Mgedznol gBmoMmamo gb@omgdal 3gfomodo — bazogm
306M00339530.

198930 (1) 11 &30 (2) I g@s30 (3)

43930000 3mA3gda P1-2 P2-3

bod SD bod SD bod SD
396§033mMo ©amdgda 4,7 2,3 1,9 0,8 4 0,9 0,009 0,0001
3mndmbsemyfn 2,6 1,1 3,9 0,7 0,3 0,2 0,009 0,02
©am3dgdan
330 5633 22,2 7,8 25,3 6,2 13,6 4 0,04 0,05
39350 dmembgdo 5,6 1,7 2,7 0,5 5,2 1,1 0,001 0,0001
boabsmndmmab 3,4 1,2 1,7 0,5 3,8 1,4 0,009 0,003
35035b3emgdn
at3abzo 0,6 0,5 2,1 1,1 0,1 0,1 0,005 0,02

a53m33emaa30lb 3gmEg gB93dyg, dgmMyg dagfom g33cnbosbgdgmdy — (@)m-
60-50033) g0 asbMoEgdal Mgod0nlb godmdndeggdabs s M0 Mo3ws(330-
o0 Mg5d300L 30638303900l 3gMommdn, dg@EMmbmIdy of@nymMo asbMnwgdals
99d300b 208mBdsggds — 35638 30(3900L 3gFomEmMsb dgsmgdam, goMmsg3zgdl
M3305(33000 Mg54(300 NBRO™M LEMsgs© asdmndndsgoom, 33 MmbL gemgd@mm
35300B00bgdgmbsy 39eMgdom bs3mgdn Mamegbmdom Mgdammdwbgb (QOB()O’)
obgs 5-%96 ggoﬁ@ganm), 99300 3ohz9b69dmgdda Logdomm asdmngggos o=
mEgbmdMngo (33momgdgdo: LESGOLENNMSE LsMBANbmw oym dgd(z0Mgdmemmn
396035 Mo amdgdal (1,9%+0,8; P=0,009) bsbamdmogmds, Loabsmmdm-
0L gowsbgmgdabs (1,7£0,5; P=0,009) s ogggomano dmeabgdalb (2,7+0,5;
P=0,001) Gobmdngn Mommgbmds, bmmm ,amm8abgobs” (2,1£1,1; P=0,005) o
3mG0bmbGormmo (3,9+0,7; P=0,009) 0gmB8gdol bsobamdmoagmdal 3s5B3969dma-
b0 LaMB3Nbmm 0ym gobMEaema. 3mM0bdMbGSmME0 amdgdol bobamdmoagm-
ds 360d3bgmmzba ©mgds@gdmms 39MEG03omMn ©amdgdal bobamdmoagmdals
35R396989mb (gbarma.1. b5 5.8). mG0 Mo33(33000 Mgod30980L godmBmdaggds
— 30638 30(3900L 3gFomedn  3MbGEmMmOL xamxydo — Gmbdg, dg&MHMbMImsb
Jg5M980bsb J39300 9d@gdL ImEnl La@bIMbmo dgd(30Mgdeyema nym 396E0-
3oma@o (3,4+0,6; P=0,009) s 3mGodmb@ormama (7,3£2,1; P=0,002) ©am85d0l
bobaMdmngmds, @gzoman dmenbgdol (4,8+0,9; P=0,002) oo ms30b oBgz0ms
(16+4,8; P=0,008) Go3bmdmogn Bom@gbmds. ,amm8nbaob” bsbamdmazmdols db-
03 08 9@&oddg LombINbm aobbbzeggds o6 5nb0dbgdmms (barma.2. by. 6. s. ).
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@bfoamo. 2. Ji3930m0 85R39693magdalb LG NLEZMMN Tgmsbgds sd@ommo asob-
00l Mgog0nb g08mdndsggds — asb3@3o3gdabs s gfmn (300l gs63dsgmmmdsada
M0 5d@onmn asbMowgdob Mgsgdionl ghmommyma §gb@nmgdal 3360(0@980 = bogmb-
GMmem 3060’)0633630.

I 9830 (1) 11 989330 (2) I 583 (3)
J3930000 gmE@Igda P1-2 P2-3
SD SD SD
bod bod bod
306033 gfn
©am3dgda 15,7 7,8 3,4 0,6 14,8 3,3 0,009 0,1
3m0dmbE sy n
©am3gda 9,8 6,5 7,3 2,1 1,1 1,5 0,002 0,003
0530l 36935 24,6 6,4 16 4,8 14,5 3,3 0,008 0,001
B3I Go
Seagmbgda 6 1,4 4.8 0,9 6,4 1,8 0,002 0,005
af30bzn 0,1 0,2 0,6 1,2 0,5 0,5 0,2 0,4

Lo 3060008390006 dgamgdabsl  bogmb@Mmmmm  xamydo  mo-
omgae Ji3g300 0d@gdlb dmeob, 3oMggm dagfom 3ed3mobasbgdgmbg — 98-
mbmddy  LESGOLEINMsE  LaMBIMbmE  aym  IMIsGgdymn  ggMEGOZSENMN
(15,7+7,8;P<0,001) 5 3mM0dMbEG S mE0 (9,846,5;P<0,002) amdgdal babam-
dmogmdal 36m396@mo 35R39698mmadn s megol sBgzeme (24,6+6,4; P<0,001)
omEgbmdal Mo(3b30. ,acM30bg0lb" babaMmdmagmdalb dsh39698gmn o3 9@e3Dg o6
3933m0ms (gbama.2). M6 dagfnm 308mnbnsbgdgmbdg mszs(33000 Mgod0gdal
a53mdndaggds — 35638 303900L 3960wdn, LazmbGGmemm goMmea39ddn doM-
39 d39M0m a03m0b0sbgdgmomsb — dg@mmbmImsb dgosmgdabsl LombImbmm
399306005 3960@035mnGa (3,4+0,6; P=0,009) o 3m@odbmb@smymn (7,3+2,1;
P=0,002) ©am3dgd0, GgzomYMo dmeabadol (4,8 £0,9; P=0,002) 5 mag0l o6g30-
oo (16+4,8; P=0,008) Gomwgbmds, bmmm ,a6m30banlb “ bobamdmozmadols 8sR396-
98930 (33m0gds 56 50060369dms (FbMagma. 2. by. 6. 5. 3).

30dsboady, dg@MmmMbmIdy s BMbDY od@ommn asbMowgdal Mgadznol ao-
dmdndaggds — 30638 3ozgdab 3gMom@dn mMo3g xanRoL 30Mmea39d0b J39300
0d®g0b Mm@l msbogemmmdal dgmsemgdsd g30h396s, MmB, Mmoabas godmdndszg-
dob g8a3dg 30Mmsea39d0 gdammdl gmgd@mm 98 30369me as3mndasbgdgeml
3980 BomEgbmdom (gbnm ©obgs 16-%96 oG Ydom) — MBoboMgdmem 43935L
39680350 ©am8gdn BomImowagbl (3sbbsmmmgdom Bsmomoa aym b jmb-
BOMEm 300000839830, HmEgbss (36m39mgdLb o6 3Jmbosm 38 30369mmn gomo-
B056980bg0b 0030l 5Mngdal Ladmomgds) (by.S.s. by, 6.5.). a003@M3s@qdmmo
M33005(33000 957309800 3gFom@dn — 3gmeg 98o3Dy, (3bmM39mmado gsmgdoom
Bo3mgdo Bomeabmdom gmgd@mm as3m0basbgdgml mgdnmmdos (ogbnm ©obggs
5-%96 0o6@Ydom), Goi 3odmzmnbos (393000 59&gdb dmMal MEomngBHmmsbs-

ROMEMI0M0 (3300 gdgd0m. 33 98d3dg mBnboMgdam J(3935b Logm xamy-
37



do 3mM0dmbG oMo amdgdalb s ,afMndobaob® babgmdmagmdal dohggbgdmyg-
b0 BoM3msmaqbl. bmmm bLsigm 30M00g390mab dgamgdobsls, bsgmb@mmenm
X39B30 ©EmMIobocgdmmo d3930b 3560dbgdgemas — LogMdbmdemaw dmds@gdmemn
3960035 M0 5 3MEM0DMBGIMYMo amdgdol vg@0gmdol 36ndgbgmmagsba go-
dmogmgds (byg. 5. 5. by 6. 3.).

bogrRgmo godESa3gd0L J(3935 5JH09®0 356@orgdol @gsiGool 3sB8mdyBoggds-3563@Hgo3gdoLys @
9000 3ol 3363sgmmdsBo mBo sJBogdo asbBowrgdol Ggsjsool gHmEdmgmo 14 Eeosbo
®aLB0Mgd0L IgHomedo

S S
> 4,5 —
g 4 D 3y6H0gsmydo
e ©a™3g30
o 351 Bin6obnbgsmn6o
f;g 3 — ©3®3gd0
3 2,5 1| O"a®930630"
=
3 2
o
32 15—
>
g 1
& 05—
2
i 0
3g3®mbmdo Hmbo 1+14
H390@045mg60 wamdgdo 4,7 1,9 4
Hiodobmbgsmado 2,6 39 0,3
©a®3gdo
O"a%930630" 0,6 2,1 0,1

439306 @3S > Ggaol@szool gowgdo
bmGsmo: 5 ()

bogrgmo godmsy3gd0l J333> JB0a®o 356@owgdol Ggsjigool ps3mdyBoggds - 5s6dGo3gdoLs
RS 9000 3oL 56853mmdsBo M@0 siHogdo  psbGorgdol @gsizool gHMmE@mymo 14 Emosbo
®gbHodgdol Ig@omedo

w
S

BlLoabsmandm@ols
3orobgmgdo

N
G

Bosgol s§Fggs

)
=3

Odmaalgdo

[y

5

©w

3333090 5JHgdob GsmEgbmds (6)

o

390 mbmdo Hmbo 1+14

Bloabsmadadol 34 1,7 38
3oRobgmgdo

Hosgob 5Fggs 22,2 253 13,6

O3menglgdo 5,6 2,7 52

J3930L gm@ds s GgaobGsEool gopgdoe

bmGsmo: 5 (d)
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bygmbd@ome godmsaggdol J3gge J@oa®o 356@orgdol @gsd300l ao8m37Dog9ds-3563@g03gd0Ls
©5 96m0 (30l 56353m@®3sYo ™Bo SJHog@o 3s6BoEgdol Bgsjiool gHmpGmgmo GBabHoGgdol

O"3&9306p0"

O 3968035 gho ©a®dgdo
HioGobobdsmy@o pamdgdo

396omedo
g 18
2 16
1)
e 14 4
g
£ 12
©
2
2 10
©
2 61
»
: 4
e
o
04
393G mbmdo Hmbo 1+14
Oggh@ogomato pamdgdo 15,7 34 14,8
BinGobobysmydo 9.8 73 1,1
©3®3gdo
O"3®93060" 0,1 0,6 0,5

b©s020: 6 (5)

30
25

20

1393000 5JBgd0L GsmEgbmds
S

04

3930 gm®3s s BgaolBs3ool gopgdo

bogmb@mme godmsyggdol J3935> 5JBondo 356Gopgdol Ggsjiool 3sdmdydsggds -
3568330392005 ©s gm0 3oL 3363sgmmdsdo Mo SJGogdo asbGopgdol Ggsjzool
J0opdagmo §abpodgdol 3g@omedo

390 @bmdo

®mbo

1+14

‘I mogol sFggs

24,6

16

14,5

‘. dmanglbgdo

6

4.8

6,4

bM»5020: 6 (3 )

169308 gm@s s GgaobEGsGool gowgdo

39

B osgol s§ggs

H3mmalgdo




1.3, bogmo s bagmb@mmem (3bmggmgdal Jigzs ™Mo sg@oymca
336M0@gdols Mgod300L gPmeGOmma 14 emosbo &gbBomMgdal 3gMomodo

39@mMmMbm3dy s BMbdg dg@omMa gsbMawgdol Mgsgzanl asdmdydeggds —
35638 30(3960L 373098 MM03g asdm0bsbgdgmb g3nygbgdbwom gMor (308d0. 353~
00B0sbgomadlL 3Mmagonm dmMnggmdom, agmgmdsbol bdgdol dobgozom (91)".

9600 (3000 356353mmmMb3n M0 3G 0MMo asbMowgdal Mgsd00lb Ggb@nmgda-
Lob, gob3@ 303900 M3 (330m0 Mgdd(30980L 3gFomEmsb dgEsmgdom, mMagyg
®aBob g0Mmea3980 dogmo 94b3gM0dg6@nb 3gMomedo (14 ©mg) abggdmeo-
696 gmgd@mm 3530basbgdmal dg@o Momwgbmdal dormgdom (Q360m by
26-%96 ©3MGYdom, Mowash (3bmggmgdds 14 rolb gobdsgmmdsdon, sj@omn
356M00go0l Mgod(300L BmEMBoMgds 396 amobgﬁwbab), (3 35dmgzmonbs J(39300
5d®goLb dmal MPmogPommsbsgatomdoma (33emamagdgdom. 3gfMdm, Lszogm
300000339830 LaMbINEME 3o0bsMEs 39ME 0o MMa amdgdols (4+0,9; P=0,0001)
babgmdmngmdals 3Mm(396@ymoa dshggbgdgmn s Logbsmmsdmmal gowsbgmgda-
bs (3,8+1,4; P=0,003) o g3g3omoqmo dmeabgdalb (5,2+1,1; P=0,0001) Gomeg-
bmdols Gocsbgo (bey.5.5.8., gbMagma.1), brgnm »3806g0bs" (0,01+0,1; P<0,02) oo
3mE0bmb@srammo (0,3£0,2; P<0,02) @amdgdal bsbamdmogmds 860336gmmagbac
399306005, Losz LoMBMbm asbbbzsggds o smnbndbgdmms. (EbFnema.l. byM.5.5).
3oMzgm 3oMmdom 35300b0sbgdgmmab (83@)6006(080-236) dgamgdabsl, gfmo
(300b g56353mmdsda mMa sg@ommo gobfowgdol Mgsdznol godmdydsggds — gob-
3830(3900L EMML (3bmggmms J39300 dohgzgbgdmaddn gsdmgmabos LaMBInbm
(33006960 3mM0dmbGsmumo ©amdgdals (0,3+0,2; P=0,001) babgMdmngmda-
Lo ©d oogab obgzems (13,6+4; P=0,002) Gozbmdmngn Gomogbmdals 8sR3964-
demgdol dbMog (sbFoema.1), b 3960035 M0 amdgdaobs ©s ,aM¢30bgal”
bobamdmngmdol 8sR3969dmadol dbmng (33e0magdgdo 1360d369mm oym (bue.5.
). LagmbEMMMmM KanBalb 30600339330, MM Mdg(330m0 Mgsd30gd0l (83@-
Ambmdn o @)MBO) 35dmdndaggds — 39638 30(3960L 3gMommmsb dgwsmgdabisl
99b3960396@ 0L 53 9@s3Dg, LoMbIMbme dgd(30Mgdmo agm IME0DMbE S
0 amdgdab (1,1£1,5; P=0,003) bsbamdmozmds s mogol sBggoms (14,5+3,3;
P=0,001) Mo3bmdMogo  MomEgbmds, dmds@Ggdymmo oym  gggoemm®o  dmenmbg-
dab (6,4+1,8; P=0,005) dohg9b9dgmon. 93 gm3g, 50bndbgdmes 3gM@G0zsmMn
amdgdab (14,8+3,3; P=0,01) sJ@03mdolb 8603369mmm3sban aadmngigds (buy.6.5).
LagmbBMmMEmM  goMmseg39ddn, Laogm 30Mmeg39msb dgosamgdobsl — gMomo
(300b g56353mmdsda mMa sg@ommo gsbfowgdol Mgsdznol godmdydsggds — gob-
3830(3900L 3gMomedon, LaMBINbmE 0ym godMEamo 39MHE s MMo am3gdals
(14,8+3,3; P<0,001) bobamdmogmds, gggocmo dmeabgdabs (6,4+1,8; P<0,01)
> mogab sbgzoms Mommgbmdol (14,5+3,3; P<0,01) 3539698980 Lomb3mbm
3mbo(399980 o6 500bndbgdmms (bMama.l.es2.). 3mbGMMEmab xamado, mm daq-
000 35300b0sbgd9mbg Megwa(330m0 Mgeg309d0lb gedmamdaggds — asbd@gozg-
b0l 39M0mEmsb dgosfgdabsl 3o, gfmo (3000 gobdsgemmdsda ma sg@on
33bM0@gdol Mgod300b  aodmdndeggds — 35638 30(3900L 3gMomedn, dmnds@s

97 Gellerman S.W. Change orders of alternating stimuli in visual discrimination experiments. J.Cenet.
Psychol, 1933. V.42, P.207-208.
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396&03omamo (14,8+3,3; P=0,1) mam8gdalb 3583969898, LambInbmeo d98(306-
s 3mM0dmbBoma@oa (1,1£1,5; P=0,003) mamdgda, omogalb obgzsms (14,5+3,3;
P=0,001) > xgzoma@o dmemmbgdolb (6,4+1,8; P=0,005) Gommgbmds, bmeam
»380bg0b“ Bohggbgdgmo 33mgmo agm. $3Mngem, gMmo (300b 3563s3mmdado
(mﬁm&g xa‘g%?}n) M0 3gGomGo 35bMnwgdal Mgsd00b GabBomMgdals 3oMmdgdda
14 ool 3sbdoemdy 393000 3ohg9690maddn 33meg ©mMBnboMgdl 39M@03om-
0 ©am3gdo s 0go LsMbIMbme (0,0001) o0l 33bMEOMmn 053w5(33000 o=
J30980b (IT g8o30) go8mBmdoggds — 3638 30(3900b 3gMomEmsb dgosmgdno (bu.
55.8; byy.6 2.3).

l11.2. 3bmggmas 93miEoyMo damdsmgmdab dsbsbosmgdmagda 336bbgsggdaema
LoMarymab 3d§oyMa g3bMaEgdab Mgsd(30ab 3>3dm3ndsz93abs
©3 33638 30(3980L 3gM0meEdn

1.2.1. Losgemon @s by 3mMb@MmEm goMmag3gdolb 43930
»05 39mob® 8gb@do

»05 390l BgbGdo sg@nmMo a56Mnwgdal Mgod300L GgbG0Mgdsdrg ba(s-
gm0 s bd3MbEMMEM (3bmggmgdal dogH gsdmzmabamo Jzg30m0 Bm@Igdo
&qLE 0L Babgogom BsMdmeagboro nym sg@nm®o (8md6030) 5 3sboMn (‘gdﬁ)o3o)
35839693 gdem0o (byM.7; byM.8). Lo3gmo (36m3z9mgdal s 06@SJEMMn 30Mmsasg-
30l 59@0m@o 3shzqb9dmgdo gsbababmamgdmes dg8gan (393000 399560bgdoo:
dmdEomdob 59@0mmmdal ma@qb o 3gGomeo 1 63-b o6 smgds@gdmes, 33emg-
3000 J(3930L 0bgmn ge3mzmnbgdgdn, MMaMMN3S AoMS33900M0 33500MdGgd0,
396&0350M0 ©am3gdn, ma30b 96939, 9B ©S 3sdmzzegmmn bmEmmadals
Fomgbmdmago 3oB39698mgda, dqbadsdabor 37,5(£15,6); 17,2(+4,9); 20,6(+9,7);
2(+2); 4,4(+1,7) 390039605 (by9.3), bmmm ,acGmdobgob” LydsGmmon 8608367-
mmds 16 B83-0b(+5,4) gomamgddn Igmygmdos (bgs. 9.3); 3sbom@a 85B39693gmo
005 390" aym (3bmggmol dGomdal g3obs (894560B8n) (byA.7). 30639 daq-
00 35300b0sbgdgmbg — 398HMbmAdg sdGommn gsbGowgdol Mgsdsonl godm-
dmdsz9ds — 39638 30(3960L 39809a 40 ggemdn ba(zgmo 306meg39d0b Jggz0b
JqbBogmobal bBsGObGgNMew Lamabmbmm asbdMmnmo ogm (396@M3dn dgbzemabs
(2+0,5; P=0,008) 5 ,aM30bg0L* babgMdmnzmdals (28,3+8,963; P=0,001) dohgqb-
9890, bmmm 393(306093mmo 396G 035m0 amdgdabs (10,5+ 4,8; P=0,003) oo
a5dm33mgnmo bemEmgdal (2,5+0,7; P=0,004) Gomgbmds. s0nbndbgdmes dmd-
omdob 394BomEmmdal ma@GqbB Mo 3gMomool DMl s gomszzgmommo 33o0-
5@900b, m330L 8693500 s BN dmembgdol dgd(306M930L &9bwgb(300
(b‘gﬁ.g.a. &; Gbﬁoqu).
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@bMama. 3. 93000 35B39698emgdal bBs@nbEognMo dggmobgds ,mas g3gmab® @gb-
&b gbogdmggbnco LEMgLOL asbgamamgdal Lbgewsabbgs g@e3dy Lozgm g30Mmsea3gddn

n6®a(d16)5'aﬁﬂ 158530 (2) 98530 (3) | I g&s3n 4)

s P1-2 | P23 | P34
doageme gmde | Sl sp | 13 | SD | b3 | SD | b3 | sD

596680 Fgbaens 1 1 2 0,5 2,8 0,7 3,5 1,1 | 0,008 0,05 0,08

3°R333)n00 375|156 | 27,8 | 19,7 | 155 | 8,9 5,7 3,6 0,1 0,05 | 0,003
3350658930

306@ogoafe | 175 | 49 | 105 | 48 | 87 | 55 | 34 | 1,9 |0003| 02 | 0007
©am3dgdo
beatenls Giggzemggbo | 44 | 17 | 25 [ 07 | 1.4 | 07 | 07 | 06 |0004| 0002 | 002

@030b9893> | 206 | 97 | 155 | 26 | 121 | 46 | 63 | 2 | 007 | 003 | 0,001

‘;333°Q'l?‘:" 2 2 07 | 1,2 | 05 0,6 0,3 0,7 | 0,06 0,3 0.2

mengbgdo

‘2;@;15@3‘"’ 08 | 03 3 1,2 5 05 | 67 | 1,3 | 0,05 |0,0001 | 0,001
3 nmgn

af80630 163 | 54 | 283 | 89 | 435 | 151 | 883 | 28,7 | 0,001 | 0,009 | 0,0003

39@MmMbmddy  sg@omMo  asbMowgdol Mgodionl aod3mdndeggds — a5638)-
3039000 3gM0omEmsb dgrsmgdom, mbdg sg@omma asbfMnwgdal Mgsdzoolb go-
dmddoggdebs s MM msgmszznmn Mgadinal gobd@go(3gdalb 3gfomedo ,mos
39cdo” LaMbdNbme ngm oMo dmdMsmdals 5J@&0Mmbalb ma@ b 3gfoa-
meo (5+0,568; P=0,0001) w» »330bg 0l (43,5+15,163; P=0,009) babadmngmds
(b9/.9.3; 3bMocma.3), dgd(30690mn ogm gsdm3zmagmema bmmmgdal (1,4+0,7; P=0,002)
F0(3bmdMngn Mommgbmds (bn.9.0). 35339000 3350Ms@)gdab, 3960350
©3mdgool, msgol sbggobs s ggzomMa dmemmbgdol Momogbmdng dohggbgd-
mgddo 50bndbgdmes d93(3060960L & 9bwgb(30s, MMAmgda(y LaMBIMbm (33emaemg-
39000 oM aym asdmgmgboemo (byR.9.5., 3bMomoa.3). 356983039090 M1z (33000
959(30900b 3gMomEmsb dgmamgdom, mMn sg@ommo 356Mnwgdals Mgsd00lb ghon
(3oL a56353mmdadn GgbBoMgdolb 14 emal d58wga »mos 3gemda” Lambdmbme
350bsMEs dmdMomdal 5g@&nmHmdal ms@gb@mMa 3gfMomwmo (6,7+1,363; P=0,001)
5 ,3M930bg0b" babgMdmagmdals dohggbgdgemn (88,3+28,769; P=0,0003) (bye.9.3.),
39930600 3505339000 3350M3Ggd0b Mammgbmdal Gasbza (5,7+3,6; P=0,003),
(396@®d0 dgbgmabs s @gzomm@a dmemnbgdol Momgbmdmag dohggbgdemgddo
LaMBAMbM (33emoEMgdgda > 50603673ms (L. 9; sbMagma. 3).

LagmbEMmMmM gamydo 3oMmsg3zgdol GabBomgdabsl ,mos ggmdn® bohggb-
900 0gdbs, MHm3 Lozgm (36M39mgdmsb dgsmgdom sg@nmMa asbMowgdol Mgs-
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J300L 3533339065307 LaMBINbmME Jomamma agm gowszzgmomo 3350Mo@qdal
(49,2+2,9; P=0,008) > a58m33mgnmo bmGmgdol (8,2+4,3; P=0,001) Gomegbm-
3ol Fo3bzo (gbMamad), beamm LambImbme Fg8(30M9dmma ,afmBabgolb® (3,7+3,3;
P=0,0006) babadmngmdal dshggbgdgemo. dmdMomdals 5g@0Mmmdol ma@gb@n
39Momeal, (396@M3dn dgbgmobl, gggemymn dmmubgdabs ©s magal sbggems Ms-
mEgbmdal dobgogom Lazgmo s LogMBEMMEmM 30MmmMog39dL dmmal LaMEdnbm
(330mgdgdo o6 500603693m©s (3bFarmad. bsma: 10. 5.3). 89@&HMEMIDY og@n<-
60 gobMoegdol Mgsdonlb godmadndaggds — asbd@gozgdal dgdwga »mos ggemdn”
&9bB0Mgdabsl, 3MbGMmmolb xanxdo Lsmbdnbmo oym dgdzoMgdamo asws-
3390000 3350058 gda0b (30,2+6,5; P=0,001), 390803560 ©am8gdab (12,7+8,3;
P=0,002) oo 353m33magnmo  beMmgdal (4,7+2,5; P=0,001) Mom@gbmdols Mo(sb-
30 (byyGFscn.10.5. sbGarmnd). LoMBINbmE gobMEoma agm dmdMsmdal oJ@0nGm-
3ol M@ gb@ Mo 3gmomen (3£0,868; P=0,001) o ,a6130baob” babamdmogmdals
35R39b698gma (11,2+0,963; P=0,002) (byym.10.3; sbFormad). Loogm (3bmggmgdomsb
39056M9dabab, gsd8mzgmgnmo bmGmgdab (4,7+2,5; P=0,001), goms3390m0mm0 3350-
58 9d0bs (30,2+6,5; P=0,002) o 3gm@ngoematn oamdgdalb (12,7£8,3; P=0,001)
dohggbgdmgdo LoMbINbmE domamn agm bLsgmMbGHmmmm xanxyda, bmmmm magal
oBg30bs (16,5+1,7; P=0,02) o g3935e&0a dmeanbgdols (1,7+1,2; P=0,01) Gomeg-
Bmds Lagmgm (3bmzgmadmsb dgoomgdabsl m3bndgbgmmm ©odsmon aym (bye. 9.
> 10).

39@mMmMbm3dy s9@nmMo gobMowgdolb Mgsd300L asdmdydsggds-asbad@gnzgdals
3960omEosb dgosmgdom, Gmbdy — mMo mogsigomo Mgadnol gsdmadmdagg-
ds — aob9830(3900L5L, LogmbBHMEmM KanBalb ,mos ggmab® Ggb@do Lambdy-
bmw aym asobsbamdmoaggdygmoa dmd@momdal sd@oMmdal ma@ab@mn 3gfMomwo
(5,2+0,568; P=0,001) coo (396@®d0 dgbgemabs (3,5+0,5; P=0,001) coo »330bg0b*
boba@dmogmdol (19,2+4,2; P=0,005) 3583969890 8mBs@gdmmo agm (bFaemo. 4.
by 10. 5.3), bngnm 359005339000 335068980l dohgsbgdgma (21,243,1; P=0,006)
LaMBIMbmE ogm dgd(30Mgdgema. 396G 0 oMM amdgdol, gsdmzgmagnma bm-
mgdal, mogalb sbggobs s BggomMa dmebgdal dohggbgdmgddo smnbnd-
6gdmms 393(306980b gbgb(300 (sbGamo. 4. L. 10. 5. 3). LogMbEGHME™ KxamBob
3bmM3gmgdalb 8mba3g8980 — goms3zgmamon 33eMa@qdolb (21,2+3,1; P=0,001),
3960035 M0 amdgdabes (10,5+4,2; P=0,002) coo 35dm33mgymo  bmmmgdal
(3+0,8; P=0,001) omEgbmds LaMbdbme Jomama agm bLswgm (3bmggmgdmab
Bngﬁabobob (Gbﬁnqm. 3. gbGoeno. 4).
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sbMoema. 4. 393000 35R39698magdals bLGsGALEN M dggabgds ,mns 39mab®
&abEab gLogdmagbnmo LEMgLL gobgomamgdol Lbgawsabbgs g@e3dy Logmb@mmenm
30605339330

06@3d&ac (1) | T98930(2) | IIg8s30 () | I ggs3n (4)
d(333nmn csmﬁagbn P1-2 P 2-3 P 3-4

bod SD bsd | SD | Lod SD bod SD
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0b@od@ o 30Mmagzgdol Lobbemal 3mabdsdn 3mMEdmMEOL, amyyzmbo-
Lo o gmemgb@gfanbol Mommgbmdmogn dohggbgdmadn dgbadsdobo 28 ddmen/em
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LEdGAbGOFPMeE LaMbINbmE gsDMEamN nym JMMEnDmmab (38,4+9,0; P=0,004
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(330mgdgol 3gmbrs saomo: 39Mdme, LESGOLENINMsE LsMbINbmo asnb-
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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

88



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.

91



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 F.S. 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 inthe 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 M1. - 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,
Tbilisi, 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.H/. 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: 1. 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
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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)* .
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. V.N.D.. B.HJ]. 1981. v. 31. Ne4. c. 123- 129. Chikadze
A. - Specifics of regulation of BH/I in the conditions of pathology in cats. Ref. PhD. Diss. Th. 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 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.

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. 1.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.§8-20.
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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. 1.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 P.D. 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. 1.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. Tbhilisi, 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 rhythm
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. HJanielov
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. Tb. 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,,0,), 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(II) 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 JW., 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 Il 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,
Nel506474, 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. Wghen 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.

@ 0

LA

Fig.1. “Stress box” cage (Pls. see the description in the text)
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I1.2. 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 + 0,+H0 - — Gluconati + H, 0,

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

X5, 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

II1.1. Changes of behavioural and emotional indicators at various stages of the
development of psychogenic stress caused by other types of active avoidance
reactions

II1.1.1. 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 days0O 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
e
—a— Metronome @~  Tone -l 1414
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Correct response rate (%)

40 "f..-u-.-m._..,M.m.L._.m___ -, -
U N
|
- 20 -
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
1 2 3 4 5 6 7 8 9 10 1 12 13 14
Days of experiment

Figure. 4. Dynamics of working out active avoidance reaction in experimental rats.
Horizontal lines — experimental days.
Vertical lines — Percentage of correct reactions.
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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 (x1,4) (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;

I stage (1) II stage (2) I1I stage (3)

Behaviour forms P1-2 P2-3
Aver- SD Aver- SD Aver- SD
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) I1I stage (3)
. ] ] P12 | P23
Behaviour forms Average | SD Aver sD Aver SD
age age
Vertical postures 15,7 7,8 3,4 0,6 14,8 33 0,009 0,1
H"rizt"“tal 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 (14,8+3,3; 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 [155 |89 |57 | 3,6 | 0,1 |0,05 |0,003

Vertical posture |\, |19 |05 |48 |87 |55 |34 | 1.9 0003 | 02 |0,007

Examined hole
reflex 44 11,7 2,5 0,7 1,4 0,7 10,7 0,6 0,004 {0,002 0,02

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

Fecal boluses 5 2 107 12 105 0,6 03 |07 |0,06 0,3 0.2

Latent period 0,8 10,3 3 11,2 5 105 16,7 1,3 10,05 ]0,0001 |0,001

Grooming

16,3 |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” (3,7+3,3; 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’ (19,24+4,2; P=0,005) was
increased (Table. 4. Fig.10.a.b), while the indicator of the number of crossed
squares (21,2+3,1; 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 11 stage (3 111 stage (4
Bel;‘z:i:)llslral @ ge (2) ge (3) ge (4) P12 | P23 | P34

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 | 49,2 | 29 30,2 6,5 21,2 3,1 14,2 7,8 0.001 0,006 | 0,2

Vertical posture | 18,2 8 12,7 | 83 10,5 | 42 6,7 4 0,002 | 0,3 0,1

Examined hole

8,2 43 47 2.5 3 0,8 1 0,8 10,001 | 0,1 |0,006
reflex

Raisingahead | 20,2 | 34 | 165 | 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 0,5 3 0,8 5,2 0,5 8 0,8 |0,001 0,001 0,006

Grooming 3,7 33 | 11,2 1 09 | 19,2 | 4.2 32 4,5 10,002 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’ (32+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
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Changes in behavioral indicators in the "open field" test
in control rats
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Picture 9-a

Behavior of test rats in the "open field"
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Picture 9-b

Behavior of test rats in the "open field"
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Picture 10-a

Behavior of control rats in the "open field"
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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.

I1I stage

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

Number of acts
of drinking water

ished by elec-
p"mst:icityy ¢ | Ave. | SD | Ave.| SD | Ave.| SD | Ave. | SD | P12 | P23 | P3-4

Test rats 84 | 45 3 0,715 1|07 ] 06 | 05 0,001 | 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)

IT1.3.1. 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
III 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.), 1,4+0,2;
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 3.9 0,4 0,002 1,6 0,2 0,01
II stage 333 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 (33,14£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
development of psychogenic stress
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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.H/{. 1981. v. 31. Ne4. c.
123-129.

100 Khananashvili M. - Informational Stress. National Aacademy of Sciences of Georgia Publishing
House, Tbilisi, 2008. pp.30-46.

138



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.H/J{. 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. 1.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)"s. 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, contrlbutlng 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)"'S, immune reactivity (21)'", 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 F.S. 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.1. 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. P.94-111.

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. I. 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)"*5 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.

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

133 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.

134 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.

135 Akhalaze L. — Changes of biochemical indicators at various stages of the development of psychogenic
stress. Monograph. Publishing house Meridiani 2013 pp. 63-71.
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Publishing House, 2001. p.683-704.
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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.

138 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.

139 Khananashvili M. M. - Psychogenic stress: Theory, Experiment, Practice. Vestnik, Russian Academy
of Medical Sciences, Moscow. Medicine. 1998. pp.13-16. Akhaladze K., Khananashvili M.— Changes of
glucose and cortisol idicators when testing the reactions of diffent difficulty. Sukhumi State Uversity Works
X1V, Series of Natural sciences. Thilisi 2016 pp. 143-154. Khananashvili M.M. — In the book: Dtsregulatory
Pathology. Guideline for Doctors and Biologists. M.: Medicine, 2002. P. 294-306.
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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. 1. 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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398 3emgd60
LHPA — m08396-303mmmsdm-303mg0ba-50696gGammo
SA — bod3sEm-s0MbgBammo

ACTH - 50696m3mB@03m@fHmdnmo 3mG3mbo

RAS — G9606-56300896%060b bobgds

A(II) — 56g30m@96%ab 11

Abbreviations

LHPA - Limbic-Hypothalamic-Pituitary-Adrenergic
SA — Sympatho-Adrenergic

ACTH - Adrenocorticotropic Hormone

RAS - Renin-Angiotensin System

A(IT) — Angiotensin II
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