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Cwpwpuwfunp (wjGnptt wnwpwéywé hhdwlnnepynitG £, npp  dwhwgnipjwG
Owywpnwyny  wpfuwphnud  Gppnpn wbnG £ qpwnbglnud  upunwGnpuwhG
hpywlnnipynlGltinhg nu pwngltinhg htwn: Wn huy wwwndwend, Gnp, YnndGuyh
wqntignipjnilhg qnipy hwlywnhwpbtwnhly ntinwdhenglbtph npnGiwG
htitnwgnunipyniGGtipp pGwnbGupy  Yepwynd  wwpdnd GG wdpnng  wpfuwphniy:
itdnpdhGGGpp, odwdwd (hGGinY  $niGyghnGw) wywnhynipjwb (wyG uwblunpnyg L,
hwlnhuwlwiny  pdncGwatb)pntGnnyphGwyhG hwdwlywpgh  YwpqwynphsGbp, (wy
ptyGwéniln GG Gnp ubplnh YnnoGwyh wqnbgnipynihg qnipy  hwlwnhwpbinhy
ntinwdhgngltph  uwnbnédwl hwdwp, pwGh np  hwGnhuwlnd GG nhwbwwnhnhp
whwwhnwg IV-h L wlghnintlGghG-thnfuwytpwhs $EpdtGunh  hGhhphwnnpGbp, npnGp
wnntl yhpwneynid GG npytiu hwhwnhwpbnply b hwywnienigpwjhG nnwdhengtip:

U2fuwnwbpnid wnwohl wlquwad gnuyg k wpdby, np LVV-htdnp$hG-3-h (LVV-H3)
GGpnpnduwyluwyhG  GGpwpynudhg  (1dq/yq) hGwin  unpbiwwnngninnghlny — fupwGywé
nhwptitnhy weltinGtph wpjwb dGe qpniyngh dwywpnwlp Gugnid £ qquih swihny L
LVV-H3-h quniynqlyuwqtiginn wqnbignipniGp Ypned | wpinwhwyndwé nnqu-Yuifuywy
plnuyp: Hwh gnigplpwg gnuyg b npdtp Gul, np LVV-H3-p (hnyhG ybpwlwGqGnud t B-
LannpdhGh dwywpnuwyp nhwpbinhly weGbwnGbph wwqiwnud: p-owhnhn ntighiwwnpGtiph
whwnwagnbpuwnGtp GwinpunGh L GwinpunGuwghGh dhongnd gnuyg tE wpdbp, np wyn
ntighwwnpltipp  Gbpgpuywé GG LVV-H3-h  qpniynqGuqbiglinng  wqntignipjwl
UnpEyniwyhG dGfuwGhqiltpnud: Uuwhuny, unwgyws ndyuwilbipp gnyg GG wwihu, np
LVV-H3-p GJwqtiglinid £ qyniyngh dwhwpnwyp nhwpbinhy welbnGbph wiwqiwnud p-
owhnhn ntghwwnpGtph wywnhjugiwlG L hhwndhghg B-tGnnpdhGh wprnwqundwh
thongny: Iwny k£ G, np hwlwnhwpbnhy ntnwdhong dtindnpdhlp, npp Yhpweyned k
YthGhywynud 2-pn wnhwh wpwpwfuinh pnidiwl hwdwp, Gnylwbu qquih swithny
pwpdpwglned £ B-tGnnpphGh dwlwpnwyp:

Lwfuyhlnd dGp  jwpnpwwnnphwynid gniyg tp wpdb, np Ca2+/uwmnqm[hﬁ
(CaM)-ywiuwy wpnunbhG  $nudwinwg  YuwighlhphGp (CN) hwlnhuwlnd t wyG
wnwOgpwihG $tipdthuinp, nph dhongny htdnpdhGhtpp in vitro npubnpnud GG hpkiGg
Pnlyghnbuwy wantignipynilp GyupnuwihG L hdntbwihG hwdwywpgbipnud: YwghGtiphGp
thnfuwgnnud £ pGunihGwhG hwdwbwpgh qpipt pninp YndwnGeGunGlph htn hGswtiu
qtilwyhla  wpwGuypphwghwih,  wjlwbu ' hGnnpwluywghnG  dnnhdhlywghwgh
Gwlwpnwyny: Unwohl wlqwd gnyg k wpdbp, np LVV-H3-p in vivo ytpwlwhGqlnid k
YuwighlGtyphGh  wywnpynipynilp nhwpbinnhy welbnlbiph wiwqiwnd L gpfuninbnnud
hwlntiu quiny npwbu hndinuwnwnhly qnpénG: LC-ESI dwuuwbywnpnibnphwh dtpnnny
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pwgwhwjnyti GG dh 2wpp uwhwnwyniglbip (YwighltphGh Ywpqwynphs tGpwidhwynp B
(CNB1), S-100A13 Ca2+-l|wu|nr1 uyhunwynig, hdntbwdhhG FKBP12), npnlg
EpuwptiuhwG nhwpbitnhly weGGwnGbph qpfuninnnud Ywpquynpyned t LVV-H3-h Ynnihg:
Unwgywé Gnp nuilbpp hwutwinned G0 htdnpdhGaph wywnhy dwubwygnipnilp
CaZ+-l|wru1wL wnngbulbph Ywpqwynpiwh gnpénid:

UGpnuiinGhGh 5HT2a nbghwwnnplbph wlunwgnGhun YewnwGubphGh L NMDA
grnenwiwwnwihlb pbgiwywnnplbiph wlunwgnGhunn MK-801-h Ghengny gniyg t wipyby, np
G2Jwé rhgtiwwnnnpGbpp Lu GEpgpwyywé GG LVV-H3-h qpyniynqliywqbtiginn wqntignipjwl
dniynywyhG  dGjuwGhquoGbpnid:  Awuwnnh, Yuwpbih b Ggpuywgll, np  LVV-H3-h
hwlywnhwpbnhy wqnbgnipjwb dnpyniwihl dkfuwbhqubtpp pwpn qnpéplpwglbp GG,
npnGp GGpwnend GG Ca”'/CaM/CN/NFAT wqnwbwlwjhl ninhGEph hGunbgpnudp Bh 2wpp
ntgtwwnnnbtph $niGyghwjh htwn:

Uzfuwwinwlpnid wepwohl wlqwy gniyg b npybp Gwb YEA-LVV-H3 Yndwtipuh
wnwywgnuip htdnpdhGh dyU YnGgbGupwghwlbph whpnypnd: Mewnp b Gpb, np
htinpdbhGh dyU YnGghlGunpwghwlbpp pGnpny GG opqwlhqih wwpndhghninghwywh
yhdwybtiph hwdwn: Wu nwiGpp hwunwnned GG, np LVV-H3-p gnpénid £ twppbp
daniyniwiht  dGfuwGhqubbpnd, hGsp Ywpnn  E pwgwwplp  hGdnpdhGGeph
YtOuwpwlwlywb wynhynipjwl pw)jb uwbyunpp:

Llwwnp nulblOwing wjl hwGquwiwlpp, np TNFa-0 dwulwygnid t 2-pn tnhwh
wpwpwfunh dwiwlwy hGunihGh Glundwdp wbqquynilnipjwl wpwowgiwlp L B-
poholtiph  puypwjiwlp 1-hG whwh wpwpwfunh  dwiwlwy, hul  wwgqiwnud
quntynynpinhynhnGtiph fupnbhy pwpép dwywpnwyp Jupnn £ Guywuntp nienigpuwih
hhdwlnnipyniGGtph wpwowgiwlp, Ywpbih b Ggpuwywglby, np LVV-H3-h Ywpgwynphs
wanbgnipntlp  2wpwpwfuinh  hbwnbwlpny wrwowgwd  hintGwhbpnkGnnyphGuwhG
thnthnfunipyniGGiph - ypw nhwpbnply  weGbnGbph wwqiwntd TNFa-h L
YnpwhynuwnbipnGh pwnpdp dwwpnwybbph Gjugbigiwb dhongny, niGh dbé pbipwulnpy
Gawlwynipyncb:

Wu wpfuwwnwlpnid unwgywé wpmynilplbpp Ywpnn GG hhdp hwlnhuwGuwyg
wpwpwfunh  pniddwhl Gnp dnunbgnudlbph pwlowl hwdwp, hGswbu Gl Gnp,
UnndGwyh wanbignipynilhg qniply Yndwtipu hwywzwpwpwiunwihlG ninwdhengltinh
unbin6twl hwiwp: Un wnbuwybinh oquipl t fununmd wyl hwlqwiwbpp, np LVV-
htinpdhG-3-p wpntb Yhpweynud £ YhGhlwlwb wpwynpuynd npwbtiu YnniGwyp
wqntignipjntbhg gnipy hwywnienigpw)hl nbnwiheng:
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SUMMARY

The prevalence of diabetes mellitus is increasing dramatically throughout the world. It is one
of the main causes of mortality in the world after cancer and cardiovascular diseases. Therefore, the
molecular mechanisms of insulin regulation, pathogenesis of diabetes and development of new anti-
diabetic drugs without side effects currently under investigation in the whole world. It should be
emphasized that hemorphins are inhibitors of dypeptidyl peptidase IV (DPPIV) and angiotensin-
converting enzyme (ACE). It is known that inhibitors of both ACE and DPPIV have already used as
both anti-diabetic and anti-tumor drugs. These facts support the view that hemorphins,
demonstrating a wide spectrum of physiological activity and anti-tumour properties, as well as being
regulators of the immune-neuroendocrine system, have good prospects for applied medicine as new
anti-diabetic drugs without side effects.

In this work we have found for the first time that intraperitoneal (i.p.) administration of
LLVV-hemorphin-3 (LVV-H3) (I mg/kg) into streptozotocin (STZ)-induced diabetic rats causes a
statistically significant decrease of plasma glucose concentration in dose-dependent manner. In
parallel to plasma glucose-lowering effect, it was found that LVV-H3 completely recovered the
level of B-endorphin, reduced in the plasma of diabetic rats. It has also been investigated the
involvement of p-opioid receptors (MOR) in the molecular mechanisms of plasma glucose-lowering
cffect of hemorphin. The results showed that MOR antagonists naloxone and naloxonazin
completely abolished the plasma glucose-lowering effect of LVV-H3. Thus, the data obtained
demonstrated that hemorphin induces decrease in plasma glucose concentrations of STZ-induced
diabetic rats by activation of MOR and stimulation of B-endorphin release from pituitary into
circulation. It is necessary to emphasize that anti-diabetic drug metformin, which was used in
clinical treatment of type 2 diabetes, caused a significant increase of plasma B-endorphin level, as
well.

It has been shown that Ca®*/calmodulin (CaM)-dependent protein phosphatase calcineurin
(CN) is a key enzyme underlying the molecular mechanisms of hemorphins action in the brain and
immune system. CN interacts with all components of insulin system both at transcription level and
posttranslational modification. We have demonstrated for the first time that LVV-H3 recovers
increased CN activity in plasma and brain of STZ-induced diabetic rats in vivo, acting as a
homeostatic factor. By using LC-ESI mass spectrometric analysis for the first time has been
demonstrated that the expression levels of several proteins (CN regulatory subunit B1 (CNB1), S-
100 calcium-binding protein A13 (S-100A13), immunophilin FKBP12) have been found as
regulated by LVV-H3 in the brain of STZ-induced diabetic rats. These data obtained support the
participation of LVV-H3 in the regulation of the Ca*>'-dependent processes.
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By using antagonist of NMDA glutamate receptors MK-801 and antagonist of serotonin 5-
HT;, receptors ketanserin we have shown that these receptors are also involved in the molecular
mechanisms of blood glucose-lowering effect of LVV-H3. This finding supports the view that
molecular mechanism of anti-diabetic effect of LVV-H3 is complex process, which involves the
integration of different receptors function with Ca>*/CaM/CN/NFAT signaling pathway.

In this work it was also demonstrafed for the first time the formation of the DNA-LVV-H3
complex at uM concentrations of hemorphin, by registration of differential absorption spectra in
vitro. This data once again demonstrate that LVV-H3 acts (like other hemorphins) by using different
molecular mechanisms, which may explain the wide spectrum of their biological activity.

Taking into account the fact that TNFa is involved in the development of insulin resistance
in type 2 diabetes and participates in the destruction of B-cells through regulation of apoptosis in
type 1 diabetes, and that chronic high levels of glucocorticoids in the plasma may contribute to the
development of cancer, we can conclude that observed in this work a regulatory effect of LVV-H3
on immune-neuroendocrine changes in pathophysiology of diabetes by reducing the elevated levels
of TNFo and corticosterone in plasma of diabetic rats, may have a significant therapeutic
potential. Thus, we can conclude, that LVV-H3, as a member of the endogenous protective system
of the organism, acts by usig different molecular mechanisms and by implication of several
signaling pathways to recover the homeostasis disturbances in pathopysiology of diabetes.

The results obtained in this thesis may permit the new design for treatment of diabetes based
on identified molecular mechanisms of action of endogenous multifunctional peptide LVV-H3, as
well as will allow creating new effective complex anti-diabetic drugs without side effects. This view
is supported by the fact that LVV-H3 is already in clinical use as an antitumor drug without side
effects. /

/
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