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2.1.

1
ANTINOCICEPTIVE EFFECTS OF DALARGIN AND ANALOGUES
N. Pencheva, Topouzov, J. Barthova, T. Barth

(Submitted by Corresponding 1'vlember O. Poljakova on September 4, 2002)

Abstract

Tc; elucidate the receptor preferences and structural features ensuring antinociccptive
action of [D-Ala, Leus]-Arg (dalargin), analogues of dalargin (dalarginamide and [N-Me-Phe4]-
dalarginamide) were tested for their effectiveness in increasing the mechanical nociceptive threshold
of rats measured by the Randall-Selitto pawpressure test. All test compounds including endogenous
[MetS]-enkephalin and mu-selective ligand DAMGO exerted well-pronounced elevation of paw-
pressure threshold. The response profile of the opioids examined was similar; antinociception was
maximal at the 10-min test interval except for DAMGO, which maximum effect was at the 15-min
interval. Dalargin, dalarginamide and DAMGO were equipotent while [N-Me-Phe4]-dalarginamide
was about 1.5 times more potent than them and 3 times than [Mets]-enkephalin. A low concentration
of naloxone (0.5 mg/kg) antagonized the antinociceptive effects of all peptides, except that for [MetS]-
enkephalin, suggesting that they are mediated by mu-opioid receptors.

Key words: opioids, enkephalins, nociception, paw-pressure test

B Ta3u HYGHI/IKBHI/IH CC M3ACHsBa pPOJIATa Ha MIO-ONMOUWJIHHA PEUCHTOP B MCEAMalusATa Ha
CYNPACIMHAIHOTO 00e300IsBaHe, KaKTO M 3HAYEHHETO Ha CYOCTHTYyIMH B To3uius 2 U 6 Ha
eHKe(aIMHOBaTa CTPYKTYpa 3a IIOTCHIIMPaHe Ha CEJICKTUBHOCTTA Ha MIO-JIUTaH/IN.

2.2.

MODIFICATION OF THE PEPTIDE BOND IN N-TERMINAL PART OF [8-D-
ARGININE] DEAMINOVASOPRESSIN (dDAVP)I
T. Barth, N. Pencheva*'**, J. Barthova***, J. Velek, J. Jezek,
V. KaSicka, A. Machova, L. Hauzerova, K. Ubik
(Submitted by Academician E. Golovinsky on July 17, 2002)

Abstract

The synthetic analogue of [8-L-arginine] vasopressin (AVP) [8-D-arginine]
deaminovasopressin (IDAVP)

Mpa-Tyr-Phe-Gln-Asn-Cys-Pro-[D-Arg]-GlyNH,
I I

has an altered profile of biological properties in comparison to AVP. It is used especially for
the treatment of diabetes insipidus and for the activation of Factor VIII in haemophiliacs A. In
contrast to intranasal administration, peroral application is complicated because dDAVP
molecule is subjected to enzymic degradation in the gastrointestinal system. The molecule of
dDAVP is protected against aminopeptidase, trypsin-like and endoprolylpeptidase degradation.
The N-terminal part of the peptide chain appears to be vulnerable to cleavage by
chymotrypsin-like enzymes that may disintegrate the peptide bonds. An analogue of dDAVP
having a methylated nitrogen of the peptide bond between tyrosine and phenylalanine was
synthesized on solid phase and characterized by physico-chemical methods and by antidiuretic
assays [1]. The peptide had substantially lower antidiuretic activity than dDAVP. The



modification resulted in enhanced metabolic stability but decreased receptor recognition by
several orders of magnitude.

Key words: synthetic analogues, [8-D-arginine] deaminovasopressin (dDAVP), [8-L-
arginine] vasopressin (AVP), antidiuretic potency

B Tasm myOnukamus ca TpeACTaBEHW JJaHHM 3a poJisiTa Ha MOJAU(PHUKANMITA B
NenTUAHaTa Bpb3ka B N-TepMUHaIHATa YacT Ha aHaJlora Ha apruHuH-Ba3oomnpecuna — dADAVP
(me3momnpecrH) BbpXy HEroBaTa OMOJIOTHYHA aKTUBHOCT, 10 OTHOIIICHHE Ha METa0O0JIMTHATA MY
CTAOMIIHOCT, KOSITO UMa OTHOIIIEHHE KbM (DApMAKOKHHETUIHUTE MY XapaKTEPUCTHKH.

2.7.
AFFINITY AND AGONIST EFFICACY OF MU-SELECTIVE DALARGIN
ANALOGUES
P. Milanov, N. Pencheva¥*, J. Barthova**, T. Barth***, A. Milanov****
(Submitted by Corresponding MemberO. Poljakova on September 4,2002)

Abstract. [D-Alaz,LeuS]-enkephalyl-Arg (dalargin) and its  analogues [D-
Alaz,LeuS]enkephalyl—Arg-NH2 and [D-Ala2 ,N-Me-Phe4 ,Leus]-enkephalyl-Arg-NH2
have been found to possess high potency and selectivity for mu-opioid receptors. The
purpose of this study was to estimate the receptor affinity and relative agonist efficacy of
these peptides in in vitro functional bioassay. The guinea-pig-isolated ileum-longitudinal
muscle preparations were used. Cumulative dose-response relations obtained, were
analysed by a prpcedure derived from a hyperbolic model of pharmacological agonism,
which allows to calculate by explicit formulas agonist affinity (VKA) and relative
efficacy (eA) of the peptides. Dose-response curves were approximated with two-and
three-parametric hyperbolic functions. The results obtained showed:\{i) twoparametric
hyperbolic function with a constraint for more potent compounds allows a good
approximation of the dose-response relations obtained and easy calculation of the
parameters KA and eA; (i1) substitution of COOH terminal in thE\molecl).le of dalargin
with NH2 group increased about two times the potency and five times the efficacy of [D-

2 5
Ala ,Leu ]-enkephalyl-Arg-NH2, as compared with dalargin; as light decrease of affinity
4

is also observed; (ii1)) N-methylation of the aromatic group of Phe together with CONH2
terminal extremely increase the potency (about 34 times), affinity (4.4 times) andefficacy
(sixtimes) oftheanalogue [D-Ala ,N-Me-Phe4,Leu lenkephalyl-Arg-NH2, as compared
with dalargin. The results of these analyses permitted us to observe the effect of structural
modification on both receptor affinity and relative agonist efficacy to mu-opioid
receptors. Affinity and efficacy should be incorporated as a drug design considerations
for the selective opioid agonists.

Key words: opioids, enkephalins, dalargin, affinity, efficacy, curve fitting

2.8.
MOLECULAR DESIGN OF SELECTIVE ENKEPHALIN1 ANALOGUES BY
NEURAL NETWORK MODELLING1
P. Milanov*'**, N. Pencheva*'***, 1. Trenchev*, A. Milanov****
(Submitted by Academician P. Kenderov on January 21, 2004)

Abstract. The theory of artificial neural networks as an interconnected assembly of simple processing
units (whose functionality is loosely based on the animal neuron) is briefly reviewed focusing on



techniques which have great impact on current chemical applications. The objects of neural network
modelling in this study are endogenous peptides and their analogues with morphine-like properties
(enkephalins). Explicit formulas for calculation of the pharmacological agonism of these peptides
were presented. Design of network type and architecture for modelling of sequence-activity, sequence-
selectivity and sequence-efficacy relationships in enkephalin analogues is further developed by
nonlinear modelling of quantitative structure-activity relationships using a multilayered feed forward
network. The type of the so-called transfer or fitness functions are determined in the different layers of
the network. Advantages of more complex network architecture which allow to predict potency,
efficacy and selectivity of the enkephalins were characterized.

Key words: neural networks, molecular design, drug design, network architecture, transfer
function

2.17.
ANTINOCICEPTIVE EFFECTS OF DES-OCTAPEPTIDE-INSULIN CONNECTED
WITH ENKEPHALINS
N. St. Pencheval®, A. 1. Bocheva2, K. Zh. Grancharskal, T. Barth3
1 Department of Kinesitherapy, South-West University, 66 Iv. Mihailov St., 2700 Blagoevgrad,
Bulgaria
2 Department of Pathophysiology, Medical Faculty, Medical University, 2 Zdrave St., 1431 Sofia,
Bulgaria
3 Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic,
2 Flemingovo nam., 166 10 Praha 6, The Czech Republic

Received July 17, 2008; Revised September 30, 2008

Abstract. Three insulin analogues with modifications of the B-chain were synthesized by
trypsin-catalyzed coupling of desoctapeptide (B23-B30)-insulin (DOI) with Met5-enkephalin
(Met5-enk) or Leu5-enkephalin (Leu5S-enk). The derivatives DOI-Met5-enk and DOI-LeuS5-
enk were prepared by a condensation between the amino group of the enkephalins and the
carboxyl group of arginine in position B22. To test the properties of DOI as a navigating
molecule of active opioid peptides, we examined DOI, DOI-Met5-enk and DOI-Leu5-enk
following three types of in vivo nociceptive methods: writhing test in mice, paw-pressure test
and hot plate test in rats. The peptides were administered both intracerebroventricularly (icv)
and subcutaneously (sc). The ability of the peptides to inhibit the electrically-evoked
contraction in guinea-pig ileum and mouse vas deferens was also tested. To prove the opioid
nature of the responses we used naloxone (1 mg/kg intraperitoneally). Using paw-pressure
and hot-plate test, all compounds exerted wellpronounced antinociceptive effects (DOI <
DOI-Met5-enk < DOI-Leu5-enk), with duration at least 40 min after icv application. The
differences in order of potency were established after sc application and the effects of all
compounds were developed for 20 min. The results obtained with writhing test in mice
showed that all compounds did not influence the visceral pain. In vitro effects were poor and
were observed at concentration higher than 20 pM for DOI-Met5-enk and higher than 100 nM
for DOI-Leu5-enk. The present results suggested that the derivatives of DOI: DOI-Met5-enk
and DOI-LeuS-enk achieved prolonged antinociceptive action, while DOI at some extent
could be used as a transport molecule across the blood-brain barrier.

Keywords: des-octapeptide insulin; DOI; MetS-enkephalin; LeuS-enkephalin; pain;
antinociception.




2.23.
THEORETICAL HYPERBOLIC MODEL OF A PARTIAL AGONISM: EXPLICIT
FORMULAS FOR AFFINITY, EFFICACY AND AMPLIFICATION

Peter Milanov, Nevena Pencheva

Abstract. The quantitative analysis of receptor-mediated effect is based on experimental
concentration-response data in which the independent variable, the concentration of a receptor
ligand, is linked with a dependent variable, the biological response. The steps between the
drug-receptor interaction and the subsequent biological effect are to some extent unknown.
The shape of the fitting curve of the experimental data may give some in-sights into the nature
of the concentration—receptor-response (C-R-R) mech anism. It can be evaluated by non-
linear regression analysis of the experi-mental data points of the independent and dependent
variables, which could be considered as a history of the interaction between the drug and
receptors. However, this information is not enough to evaluate such important parameters of
the mechanism as the dissociation constant (affinity) and efficacy. There are two ways to
provide more detailed information about the C-R-R mechanism: (1) an experimental way for
obtaining data with new or selective or inactive compounds; and (ii) a theoretical way by
making addi-tional assumptions and experimental observations about some elements of the C-
R-R mechanism. Using the second way and basic postulates of the so-called occupation
theory, a Theoretical Hyperbolic Model (THM) was developed in this study, in order to
justify the nature of partial agonism in in-vitro bioassay studies. The model could be used for
sensitive analysis of the partial agonist’s behav-ior from the experimental dose-response data.
The explicit formulas derived from the model describe the affinity and relative Stephenson’s
efficacy. Moreover, THM allows estimation of the receptor reserve of the almost full agonists
under the assumption presented. When the design of the in-vitro bioassay allows assessing the
maximal possible effect of a given isolated tis-sue, the affinity and relative efficacy of the
respective partial agonists could be calculated from the experimental dose-response data. It
was proved theoretically that the partial agonists have no receptor reserve. This finding
confirms experimental results for partial agonists with varying potency. The THM is used
further to explain the C-R-R mechanism and to understand more deeply the character of the
affinity and efficacy of the agonists by in-troduction of a new agonist feature called
amplification and the parameter amplifier. The THM is compared with other models related
with the occu- pation theory of agonism. The differences and limitations of the application of
THM are discussed.

2.24.

COMPUTER MODELING OF LIGAND-RECEPTOR INTERACTIONS -
ENKEPHALIN ANALOGUES AND DELTA-OPIOID RECEPTOR

Tatyana Dzimbova*], Radoslav Mavrevskiz, Nevena Penchevaz, Tamara Pajpanoval, Peter
Milanov*?

nstitute of Molecular Biology, Bulgarian Academy of Sciences, Bulgaria, 1113 Sofia
South-West University "Neofit Rilski", Bulgaria, 2700 Blagoevgrad

*Institute of Mathematics and Informatics, Bulgarian Academy of Sciences, Bulgaria, 1113
Sofia

ABSTRACT. Since, Hughes determined endogenous opioid pentapeptides — enkephalins,
large number of synthetic analogues were prepared. Many analogues of enkephalins were
synthesized by our group in addition. In our previous study we established a relationship



between the replacement in position 2 in endogenous enkephalins and their 6-opioid receptor
selectivity. Computer modeling was used in this study to analyze binding affinity of a series
of 6-opioid selective enkephalin analogues to the model of d-opioid receptor, published in
PDB (id: 10ZC). MolDoc SE algorithm implicated in the software program Molegro Virtual
Docker was used. Basing on docking results was established that: 1) all enkephalin analogues
have good binding affinity to 6-opioid receptor by forming H-bonds with specific amino acid
residue in the receptor pocket; and 2) the rank of the derivatives obtained with this approach
is rather different compared with the rank of their biological in vitro assay activity. These
results reveal further steps for the computer modeling of selective encephalin analogues such
as: 1) development of a novel optimization procedure; and 2) application of a different
algorithm and software.

Key words: enkephalins, delta-opioid receptor, computer modeling, docking

B ta3zu nmyOnmukanums e mpencTaBeH CTPYKTypa-aKTHBHOCT aHajiu3 Ha aduHHTETa Ha CepHsl OT JeNTa-
CENIEKTUBHH €HKe(aMHOBH aHAJIO3U KbM JIeNITa-OMHOKMIEH perenTop, nyonukyBan B VHTepHer (06a3a nqaHHM 3a
nporennu PDB) upe3 cnenmanmsupan anroputbM (MolDoc SE algorithm) u codTyepHa mporpaMa 3a JOKHHT,
Hapeuena Molegro Virtual Docker. YcranoBeHo e, 4e: - BCHUKH aHaJI03U MOKa3BaT BUCOK a(UHUTET KbM T.HAp.
JOKOO Ha perenTopa; ¥ — HOAPEkKAAHETO Ha aHAIO3HUTE TIOKa3Ba HAKOM Pa3jIMiMs B CPAaBHEHHE C TOBA , KOETO Ce
0a3upa Ha TsIXHAaTa OWOJNOTrMYHA AaKTUBHOCT. TOBa NMPOBOKHMpPA IO-HATATBHIIHO H3CIIEABAHE KOMIIOTBPHOTO
MOJICJIMPaHE Ha CEJIEKTHBHH aHAJIO3W, Pa3BHBaHE Ha HOBH ONTHMU3AIMOHHH IPOLEAYPH M IMPUIOKEHHE Ha
pa3UYHU aJrOpUTMH U JpYr codpryep. HOBHAT MOMEHT, B CpaBHEHHE C ABJITOTOAMIIIIHUTE HH in Vitro
n3cnenBanus € (akrta, ye MoJOOHM AaHHM HAa MOJIEKYJHO HMBO HE M3MCKBAT CPEICTBA M YOBEIIKU PECypc 3a
OpTraHUYHU CHHTE3M Ha TOJIEMH CEPUH OT ChEANHECHHUS MK (HapMaKOIOTHIHH U (GU3HOIOTHYHH SKCIIEPUMEHTH C
W30JIMPaHU Mpenapary.

3.3.
Design and synthesis of novel Arg-Gly-Asp containing analogues of the fragment (296-
306) of the glycoprotein 1Ib membrane

Mihail L. Mondeshki, Nevena Pencheva and Ljubomir T. Vezenkov

RGD e xi1r04oB XMMHUYECKH CUTHAJ MpPHU Pa3lO3HABAHETO 3a pEAMIa pEelenTopH,
pasnoyio)KeHH BbPIy MNOBBPXHOCTTa Ha TpoMmOonuTHata wmemOpana. I[lpuponnu u
CUHTETMYHU TENTHU]M, KOWUTO ChIbpPXKAT TrOpecrioMeHaTara CEeKBEHLHUs Cce sBSBaT
anTaronuctu crpsmo komiuviekca Gp Ilb/Illa u morar na uHxuOUpar B pa3jiuuHa CTENEH
TpoMOoIMTHATa arperanus. B Ta3u Bpb3ka B Hacrosara myOJaMKalus YCTaHOBUXME, e
RGD-chappkamuar nentua, aHamor Ha 296-306 ¢parmenta Ha TpOMOOLUTHUS
riukonporenHoB komiieke Gp lIb - Val-Phe-Arg-Gly-Asp-Gly-Arg, koito chabpxa u
aHTunapaienHata cekBeHus DGR, e nmoTteHTeH MHXHUOUTOP HAa TPOMOOLMTHATA arperanus
(IC50 =45 £ 9 uM), uma no6pe u3paszeHu ePekTu BbpXy PaKTOPUTE Ha KPHBOCHCUPBAHETO
(cxbesiBa APTT ¢ 15 + 4 cexynau, PT ¢ 23 + 6 cexynunu u TT ¢ 4 + 1.5 cexyHau) u He
MOBJIMSIBA HUBOTO Ha (PUOPUHOTEH B YOBEILIKA I11a3Ma.

3.5.
DESIGN, SYNTHESIS AND BIOLOGICAL ACTIVITY OF ANALOGUES OF
TICK ANTICOAGU,LANT PEPTIDE (1-9)

Emilia NAYDENOVA, Lyubomir VEZENKOYV and Nevena PENCHEVA
Tick anticoagulant peptide (TAP) is a specific Factor Xa inhibitor. The new analogs
of TAP(I-9) combining both 1-9 residues of TAP and active fragment o-Phe-Pro-Arg were



synthesized. The biological activity of the two compounds was investigated by measuring the
activated partial thromboplastine time, prothrombine time, thrombine time, fibrinogen in
platelet poor plasma and ADP-induced platelet aggregation..

Key words: Factor Xa; Inhibitor; Anticoagulant peptide; Thrombin; Platelet

aggregation..

3.6.
AMINODERIVATIVES OF CYCLOALKANESPIROHYDANTOINS: SYNTHESIS
AND BIOLOGICAL ACTIVITY
Emilia Naydenova a,*, Nevena Pencheva b, Julita Popova a, Neyko Stoyanov c,1 Maria
Lazarova b, Boris Aleksiev c1
a University of Chemical Technology and Metallurgy, blvd. KI.Ohridski 8, 1756 Sofia,
Bulgariai b Institute of Physiology, Bulgarian Academy of Sciences, Acad. G. Bonchev Street,
bl. 23, 1113 Sofia, Bulgaria
College of Technology, Razgrad 7200, Bulgaria

Abstract

3-Aminocycloalkanespiro-5-hydantoins were synthesized and their biological activity was
studied. In contrast to hydantoins, these compounds failed to induce either anticonvulsive
effects in the central nervous system or inhibitory effects on cholinergic contractions in the
enteric nervous system. However, they exerted well pronounced, atropinsensitive, contractile
effects on the guinea-pig ileum longitudinal muscle preparations. Structure-activity
relationships established allow the assumption that: (i) the reduction of the ring size in the
molecule of the spirohydantoins leads to an increase in the potency of the respective
analogue to induce contractile effect; (i1) the introduction of -NH_ in position 3 increases the

ability of all the compounds studied to exert contractions; (iii) the enlargement of the ring
leads to: (I) an increase of the degree of desensitization of the preparations; and (2) a
decrease (except la) of the potency of the analogues to exert contractile effects. © 2002
Editions scientifiques et medicales Elsevier SAS. All rights reserved.

Keywords: Anticonvulsive activity; Contractile effect; Hydrazine reaction, NH-group
reactivity

3.7.
The Interaction of ADAVP Analogues with Human Platelet Vasopressin Receptors

Barth Tomislav’, Pencheva Nevena', Barthova Jana®, Penev Marin’, Hauzerova Linda*, Mladenova
AntoanetaJ,

! Institute of Physiology, Bulgarian Academy of Sciences, Sofia, Bulgaria

2 Department of Biochemistry, Faculty of Sciences, Charles University, Prague, Czech Republic

! Department of Clinical Laboratory and Immunology, Medical University, Sofia, Bulgaria * Institute of
Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic, Prague, Czech Republic

A series of ADAVP -([8-D-arginine]deaminovasopressin) analogues with modifications in
Mpa-Tyr-Phe-GIn-Asn-Cys-Pro-[D-Arg]-GlyNH,

positions 2 and 8 were synthesized. Tyrosine in position 2 was replaced by L or D p-alkyl

phenylalanine or by stereoisomers of tyrosine analogues and D-arginine was substituted by D-

homoarginine.The substances had a remarkably different profile of biological properties as



compared with dDAVP (decreased antidiuretic potency, strong inhibitory effect in the uterotonic
assay, etc.). Some of the peptides were also tested for their ability to activate Factor VIII and release
the tissue platelet activator. We present results of the interaction of dDAVP analogues with the
platelet vasopressin receptors. [8-L-Arginine]vasopressin (AVP) caused a concentration dependent
aggreagation in human heparinised platelet rich plasma, the ICsy value for AVP was 30 + 12 nM
(Student's t-test). dADAVP decreased the AVP induced aggregation response and its IC50 value was
660 + 84 nM. [8-D-homoarginine] deaminovasopressin was a better inhibitor with a IC50 value of
370 £ 56 nM. Both structural modifications contributed to stronger inhibition of AVP induced
platelet aggregation. Modifications in position 2 of [8-D-Har]deaminovasopressin resulted in
peptides which bound to the AVP platelet receptor even more strongly than AVP.

B ToBa um3cnenBaHe e MmokasaHa pojisTa Ha CYOCTHTYIMSTA B TO3HMIMS 2 B MOJIEKyJara Ha
JIe3MOITPECHHA 3a MOTCHIMPAaHe Ha B3aMMOJCHCTBHETO Ha aHamo3uTe ¢ AVP perentopute BbpXy
TpombonuTHTe. ToBa MpaByM HAKOM OT HM3cieaBaHuTe aHano3d Ha dADAVP HajgexIHH jJekapcTBa
MIPH HAPYIIIEHO KPhBOCHCHPBAHE.

3.8.
VARIABILITY OF THE HUMAN AGGREGATION RESPONSE OF
NORMAL PLATELETS TO AVP

Nevena PENCHEVA®™®, Tomislav BARTHC, Jana BARTHovA“* Marin PENE Ve and Antoaneta

MLADENOVA'

“ South-West University, Kinesitherapy Department, Blagoevgrad, Bulgaria

b Institute ofPhysiology, Bulg. Acad. Sci., Sofia, Bulgaria

“Institute ofOrganic Chemistry and Biochemistry, Academy ofSciences ofthe Czech Republic!
Prague, Czech Republic d Dept. Biochem., Fac. Sci. Charles Univ., Prague, Czech Republic
¢ Chair of Clin. Lab. Clin. Immunol., Med. Univ;, Sofia, Bulgaria

This investigation was undertaken to characterize the arginine vasopressin (AVP)-induced
response and the effects of theophylline in platelets anticoagulated with citrate or heparin. In
heparinized platelet rich plasma (PRP), AVP induced a pronounced effect (max. aggregation =88 =+
10%; EC = 30 + 4 nM), while in citrated material the response was poor (max. aggregation = 10-

19%; EC_ = 65 + 18nmand 95 + 22 nM in female and. male subjects, respectively). Theophylline 0-

100 1IM) djd not change or decrease the response of AVP in heparinized PRP, but in citrated material
potentiated this response by 50% in female subjects. Selective V2 receptor analogue [1-deamino, 8-
D-arginine] vasopressin (dDAVP, 1000 nM) shifted to the right the dose-response curve of AVP
(EC_ = 30+12 nMand420 + 83 nM, before and after dDAVP, respectively). Thus, the platelets could

be a useful model for testing vasopressin receptors and allow us to further explore the role of
vasopressin in homeostasis. Keywords: Vasopressin; Platelet aggregation; Heparin; Theophylline;
Vasopressin receptors.

(B) MEXAHU3MHU HA PEI'VJALUA U AJANTAIOUA IIPU ®OUZUYECKO

HATOBAPBAHE
2.3.
OoInMon M U ®U3NYECKO HATOBAPBAHE
Hegena IlenyeBa u UBan Tomy3os

Pe3rome: OusnyeckoTo HaTOBapBaHe, CIOPTA U pelvlia KUHE3UTEPANleBTUYHU MOXO0H,
CBBbP3aHM C JBUTraTelIHa aKTHMBHOCT M CEH30pHA CTUMYyJanus (Macax, aKylmyHKTypa U
¢uznoTepanus) akTUBUPAT T. HAp. EHJOTeHHa ONIMAaTHA CUCTEMA, B PE3YyJTaT Ha KOETO ce
0cBOOOKIaBaT NeNTUAN ¢ MOP(PUH-TIOI0OHO AelicTBUE, HapeueHu onuouau. Hacrosmusr
0030p mpeacTaBs CHBPEMEHHM HaydyHU JOKa3aTelcTBa 3a OMOJOTMYHATa poJii Ha



CHOOTCHHATA OIIMaTHA CUCTEMA U yqaCTHGTO 1 BbB q)HSI/IOJIOFI/I‘-IHI/I n HaTO(l)I/ISI/IOJ'IOFI/IT-IHI/I
peakuuy, KOUTO ChIIBTCTBAT (PU3UYECKOTO HATOBapBaHe, (PHU3HOTEpareBTUYHUTE
MIPOLIEAYPH, KAaKTO W M300II0 JBUTATEITHATA aKTUBHOCT W JIOKOMoIHATa. OCBOOOICHUTE
OTIMOM/IM y4acTBAT B peTyianusaTa Ha T. HAp. ,,post-exercise" XUMOTEH3Hs, YCCIIaHEeTO 3a
00JIKa, MTHTUMHUTE MEXaHU3MH U METa0OJUTHUTE MPOIIECH HAa MYCKYJHOTO ChKpallleHUE,
HaCTpOCHI/IeTO U IICUXUYCCKUA CTaTyc, C€CTCCTBCHUA I/IMyHI/ITeT nu I[p. T€3H Monyﬂnpamn
B’B3HCﬁCTBI/I$I Ha CHAOI'CHHUTC OIIhaTHh Cca perynaTopeH, aBTOTepaHeBTI/ILIeH OTFOBOp,
KOI\/’ITO € BaXHa 4acCT OT O6HII/I$I agarnTalgnuoOHCH CI/IHI[I)OM B opraHmMa Ha ) XUBOTHHUTC U
YOBEKA.

Knwuoeu oymu: endocenna onuamua cucmemda, ORUOUOU, ONUOUOHU pPeyenmopu,
eHKe@anunu, eHoop@huHu.

2.9.
OIMMONTHU MEXAHU3MHU HA AJAITAHUMOHHUTE ITPOMEHMU ITPU
OU3NYECKO HATOBAPBAHE

Hegena IlenueBa u JIrooka boxkoBa

B Ta3u 0030pHa cTaTHs ca MPEACTABEHH aJaNTallMOHHUTE IPOMEHHU, KOUTO TOJIEPUPAT CTpec-
WHAYIUPAHUTE PEAKIHU MPH (HU3MUYECKO yCHine, PU3NYEcCKO HATOBapBaHE M CIIOPTHA TPEHUPOBKA,
KaToO MPOTHUBOJCHCTBME HAa pa3CTPOWCTBAaTa B XOoMeocTaszaTta. lIpefcTaBeHH ca EKCIIEpPUMEHTATHH
OJaHHU BBPXY: - CHAOICHHAaTa OIlMaTHa CHUCTEMa (HCHTI/IZ[I/I u peueHTopH); - IIPpOME€HU, KOUTO CC
MEIMUPAT OT CHAOTEHHH OIHMOHMIN TPH aepoOHM M aHAepOOHM HATOBApBaHHS, - (HIUOIOTUYHH
MCXaHHU3MHU Ha ajalTanusa, KOUTO C€ MEAUUpaT OT OIMMONIU U MPECAN3BHUKBAT aHAJII'C3UA U ey(bopm[,
MPOMEHH B aKTUBHOCTTa Ha OydepHUTEe CUCTEeMH, METaOOJIMTHU PEryjaluH, KOUTO IPEIU3BUKBAT
OINITUMAJIHOTO YTUIM3UPAHC Ha TJIIOKO3aTa U MACTHUTC KHUCCIWHHU, MOAYJIAUUHUTEC BHPXY CHUMIIATO-
aZipeHOMeylapHaTa CHCTEMa, TOMABPKAHETO Ha CKEJETHO-MYCKYJlHATa CHCTeMa U JIp.
Tpancdopmaiiuute B MerabonM3Ma, KOUTO C€ PE3YNTAaT Ha €IWH aBTO(GapMaKOJOrHYE€H OTIOBOP
MEIUHUPaH OT €HIOTCHHHUTE OIHOM/M Ca MPEACTABEHH B 0000IIEHO CXeMa, KbJICTO MOBHIIIABAHETO HA
paboTHUS KamanuTeT Npu (GU3NYECKO YCHIIHE € Pe3yNTar OT MOBHIICH TOJNEPaHC KbM (PHU3MUECKO
HATOBapBaHe upe3 e(peKTH BBPXY CKEICTHO-MYCKYIHOTO ChKpalleHHe, BEHTUJIATOPHUS IIpar,
HOIIMIICTITUBHUS Tpar, ajJKaJIHO-KMCEIMHHUS OajaHC M allij03HaTa MOHOCHMOCT M Ap. Te3n JaHHU
ONpEeACIAT MOAYJIUPAIINTE BJIUAHNA HAa CHAOICHHUTE OIMMONIUTE IIPU (1)I/I3I/ILICCKO yCUIIME U CIIOpTHA
TPEHHUPOBKa KaTO CbIONCCTBEHMW 3a aJallTAlIMOHHUTEC MNPOMCEHH BOACHIM O IIOBHIIABAHC Ha
U3ABPXKIIMBOCTTA W TOJI€paHCa KbM HWHTCH3UMBHH W HNPOAB/DKUTCIHU YCHUIIMA W IMOTCHUHWPAHC Ha
epromMeTrpuyHaTa paboTocrnocoOHOCT.

2.10.
OnuonaHu MeIHATOPHU MEXaHU3MHU HA aHaJTre3us U eydopus npu Gpuznyecko
HATOBapBaHe
*Hesena [Tenuesa'” u FOmus HeTp0B213

'Karenpa "Kunesurepamus', ITenarornueckn (akynter, fOrosamanen Yuusepcurer "Heodut
Puncku", yn. "UBan Muxaunos" Ne 66, 2700 biaroesrpan

2Ha6opaTop1/I;1 "l[lepudpepun cunancu", Macruryr no dusmonorus, BAH, ym. "Akan. TI.
Bbonue" 6nok 23, 1113 Codus

3’KaTe,upa no Hesponorusa, JlaGopatopus mo [omepoBa coHorpadusi ¥ BEreTOJOTHS,
Menuuuncku Yuupepcutet, yi. I'. Coguiicku Ne 1, 1431 Codus

* ABTOp 32 KOPECTIOHACHIIHS



PE3IOME

Menuanuara Ha CTUMY/IM Bb3JEHCTBAIlld BbPXY €HIOTEHHUTE CHCTEMHU 3a 0OJiKa U
YIOBOJICTBHE C€ OIIOCPEACTBA HA CIMHAJIHO W CYNPACIHMHAIHO HUBO OT €HJOreHHaTa
onuouaHa cucreMa. [Ipu Gpu3MOIOrMUHU CHCTOSIHUA TSI CE AKTUBHpA B Hall-TOJIsIMa CTENIEH OT
¢bu3nvecko HaTOBapBaHe, MPOTPHUOPEICTITHBHI CTUMYIIALNH, PEANIIa KHHE3UTEPATICBTHYHH H
¢bu3noTEepaneBTUYHU TMOAXO0/M, XpaHa U CEKC, KOUTO IPOBOKHpPAT OCBOOOXKIAaBAHETO Ha
€H/JIOTeHHH omnuouau. Te uMar cBoATa poJisi, KakTo 3a MoJyJjanusTa Ha OoJikoBara
NepLeniysi, peCIeKTUBHO 3a JiedeHHe Ha OoJikaTa, Taka M 3a FeHepupaHe Ha YYBCTBO Ha
eypopus. Hactosmara o630pHa craTtusi MMa 3a 1€l Jja IPeJCTaBd HAKpaTKO ChbBPEMEHHHUTE
CXBalllaHWSI 10 Ta3u TMpoOJeMaThKa Karo pasrjiena CIeJHUTE HEWHH CTpanu: (a)
HEBPOTPAHCMUTEPHU M HEBPOMOJYJIAaTOPHU MEXaHW3MHM Ha Ooikara; (0) omuym, OmuaTH,
ONMMOWMIM W OINMUOWIHHM peuenTopw; (B) ydacThe Ha ONHOWAUTE B CEH30PHUTE ITHTHIIA,
noBiMsiBaIlK OoJikata; (r) omuouau U eyopus, INcuxuyecka U (pusmyecka 3aBUCUMOCT,
HOLMIENTHH; (1) GU3UYECKO HATOBapBaHE, XOMEOCTa3a, HOIUIENITUBHU CTUMYIIH, OITUOU]INU;
(e) onnouaHa MoAynanus Ha PU3NYECKOTO ycuiMe Npu HatoBapBaHe. [Ipocnenenu ca chiio
IIPOMEHUTE B XOMeocTazara IpH (U3NYECKO HATOBAapBaHE, KOWTO WUIPasT poJisi Ha
HOIMIIENITUBHY CTUMYJM U IOBHIIABAT OCBOOOXKIaBaHETO Ha omuouaud. ToBa MOBHILIABa
ToJiepaHca KbM (U3NYECKOTO YCWIME, MOA0OpsBa aHaepoOHUS KalaluuTeT M IOBUIIaBa
U3IBPKIMBOCTTA U €proMeTpruHaTa paboToCIOCOOHOCT.

3a1ba004eHN U3CIIEIBAaHUS BbPXY OMHOUIHUS OTTOBOP MPHU (PU3NYECKO HATOBApPBaHE:
(a) Ouxa mpenu3upaIu KPUTEPUUTE 3a pabOTOCTIOCOOHOCT B 00JIaCTTa HA CIIOPTa U TPYyAOBaTa
xurueHa; (0) Ouxa pa3kpuild UHTUMHHU OMOXMMHUYHU MEXAaHU3MHU Ha KMHE3UTEpaNleBTUYHUTE
1 (U3HOTEpaneBTUYHUTE TMOJXOAU IPHU JICYEHHUE HA COLUAIHO-3HAUYMMHU 3a00JIsIBaHMS Ha
OTIOPHO-ABUraTEIHUSI amapar, ChbpJIEYHOCHAOBATAa W JUXaTejlHaTa cUCTeMa U Jp. U (B) ca
IIpEeNNOCTaBKa 3a MOBJIMABAHE HA CTPEC-UHAYLIMPAHU 3a00JIBaHUS U HAPKOMaHUU.

KarwouoBu AYMM: (1)I/I3I/I‘-ICCKO HaTOBAapBaHE; XOMEOCTAa34a; OMMMOU AN ; HOOHUICIIIHA, ey(bopm[.

2.11.

JINMHAMUKA B ITEPLEIITNATA 3A BOJIKA I1TP1 HATOBAPBAHE
Hegena Ienuesa'”, FOnus Ilemposa’, Yasoap Koyes’, Eeenuna Huxonosa' u Banepu
Ilsemxoé’

[I{ameapa ., Kunezumepanus" u 4Kamedpa L ITM®B" [ledacocunecku paxyimem, Hzozanaden
yrusepcumem ,, Heogpum Puncku " - bnacoeszpao

*Jlabopamopus ,, [Tepupepnu cunancu", Hncmumym no gusuonoeus, BAH - Cous

’Kamedpa no nesponoeus, Jlabopamopus no donieposa conozpagus u eecemono2us, Meduyuncku
yrugepcumem - Cogus

Lenute Ha HACTOSIIIOTO M3CJIEIBAHE CA: - JIa OIEHH BIUSHHETO HA MHTEH3MBHO (PU3UYECKO
HaTOBapBaHe BHpXy OonkoBus npar (PT) u 0oiIKoBHs PEHTHHT; M — J1a IPOCIIEN ChpeuHATa YeCTOTa
(HR), cucronnyaoTo u auacTonnyHo KpbBHOTO Hamsirane (BPs, BPd), Makcumanuus epromerpuucH
kamanuter (Wmax) M HHBaTa Ha JaKTaT TpeAd W cJel HaTroBapBaHeTo. J[BaHalmeceT MBbxe,
CHPUHTHOPH, CHC CPEAHO HUBO Ha TPEHUPAHOCT M JBaHA/JECET HETPEHUPAHU MbXke Ha Bb3pacT 20-24
roguHu, BucounmHa 177£2.8 cm u TenecHa maca 75+4.8 kg, ydyacTBaxa B W3CIICABAHETO.
Tpenupanurte (TR) u nHerpernpanute (UTR) yyacTHUIM 0siXxa TeCTBaHU MPEAH M CIE] MaKCHMAaJeH,




CTBIIAJIOBU/JICH, BEIOEPrOMETPHUYEH TacT J0 OTKa3 (IpH HavyaaHO HaToBapBaHe oT 60 W u cThIka oT
30 W/1.5 min) c ucxemuueH OONKOB TecT 3a omneHka Ha: (i) PT(mm Hg) upe3 napamerpure APT -
npu oTrcheTBHE Ha Oonka, PPT mpu cnaba 6onka, PTPT npu cunna, nmonocuma 6onka u PIPT — npu
CHJIHAa HemoHocuMa Oonka; W (ii) OONKOB peHTHHr upe3 BepOanHa peiituHroBa ckama (VRS),
ChIbpIKallla CTENEHUTE MHOTO CHJIHA 0OJIKa, CHIIHA OOJIKa, yMepeHa 1o cujla 0OJNKa U OTChCTBUE Ha
Oonka. PT Oemre onpezeneH KyMyJlIaTHBHO CleJl HAIIOMITBaHE HA MAHIIET OT amapaTa 3a KPBBHO JIO
HuBO (mm Hg),choTBeTCTBAIO HAa BepOaHaTa OlICHKA Ha U3CIICABAHOTO JIUIIE, & OOJIKOBHST PEHTHHT,
oneneH ¢ VRS Oeme m3MepeH cnen 3-MUHYTHa MCXeMHUsi ¢ Haisrane paBHO Ha RRy+50 mm Hg.
JlaHHUTE 3a pa3NU4UsATa MKy CPEIHUTE CTOMHOCTH B TPYNHUTE OSXa aHAIM3UPAHU C TUCTIEPCHOHCH
anamu3 (ANOVA) u Student t-trect (p<0.05). bsixa monyuenu cinemnnute pesynratu: (1) PT cuen
HaToBapBaHe (TMeT MUHYTH) Oelle 3HAYMTENHO TO-BUCOK (p<0.05) B cpaBHEHHE C TO3W MpeIH
HATOBapBaHE, KaKTO TPU TPEHUPAHW, Taka M NP HETPEHHPAHH; MOBUIICHHETO C€ OTHACAIIC 3a
BCUYKH M3MEpeHH HHBa W Oeime kakto cieasa [%]: UTR - APT-19.7+£2.0; PPT - 23.5+2.4, PTPT -
15.9+1.8 u PTPT - 15.9+1.8 wu PIPT - 15.5+1.9; TR - APT-14.3+£2.1, PPT-14.3£2.0, PTPT -
30.0£1.8 and PIPT - >30, Ho He Oeme ompenenen; (2) OomkoBusT pediTmHr cniopen VRS Gemre
3HAYUTETHO TO-HUCHK 10 MHHYTH cJeJ HaTOBapBaHETO MpU JBeTe u3ciaenaBanu rpynu; (3)
MTOBHUIIIEHUETO B OOJIKOBUS Mpar cjen HaToBapBaHeTo mpu TR Oerie o manudectupano (p<0.05) mo
ornomeHue Ha PTPT and PIPT, T.e. npu no-morHuTe 00NKOBH cTUMYJIH, nokaTo ipu UTR Oerire mo-
nspazeno 3a APT and PPT; (4) croitnoctute, nonydenu 3a PTPT and PIPT npeau HaToBapBaHero
0sxs1 mo-Bucoku mpu TR B cpaBHenue ¢ Te3u npu UTR numa. Te3 nanHu ca B ChOTBETCTBHE ChC: -
cToiiHocTuTe monydeHu 3a Wmax (300+12 W for TR and 190+14 W for UTR); - nuHammukata B
cbpAeuHaTa yectoTa (npocienena upe3 EKI' perucrpannn; croiHOCTHTE MOTYYEHH 32 MaKCUMaJIHATa
HR 6saxa 187 £2 yn/min npu UTR u 186+2 yn/min mpu TR); m — ¢ HHMBaTa Ha JaKTaTHUTE
KOHIICHTpAIMK B KpbBTa ciieq HaToBapBaHero (La = 7.942.5 mmol/l npu TR u 5.4+1.4 mmol/l mpu
UTR).

2.13.
METOAUKA 3A OIHEHKA HA CIIEHU®UYHATA BOJIKOBA
CUMIITOMATHUKA CJIEJ EKHEHTPUYHU MYCKYJIHA
CBKPAULIEHUS

Hesena Ilenuena *, **, Kpuctuna I'ppHuapcko™ u Anton Koces **,*

*Karenepa "Kunesurepanus’, Ilenarornuecku dgaxynrer, FOrosananen Yuusepcurer ,,Heoput
Puinickun”, 2700 bnaroesrpan
**Cexkuus ,,Bp30yanmu crpykrypu”’, Uactutyr no 6uopusuka npu BAH,1113 Codus

Pe3tome: EKCLEHTpHYHUTE MYCKYJIHH CBHKpallleHHs WHAYIUPAT TPH HETPEHUpaHW crenuduyna
OonkoBa cumnrTomaTuka, HapedeHa DOMS (Delayed Onset of Muscle Soreness). Ilenra Ha
HACTOSIIIIOTO M3CJeNIBaHE € pa3paboTBaHe Ha METO/MKa 3a olleHka Ha DOMS upe3 excriepuMeHTaHa
6OJIK3, npu CTUMyJalluad Ha MEXaHOPCHCHTOpH, IMpEAu U CJI€d CKCHCHTPUYHO HATOBAapBaHC Ha
¢nexcopute Ha NakbTs. M3crnenBaHuTe numa (HETpeHUpaHW, OoT 21 10 26 TOAWHM) H3ITBIHABAXA
eKCTeH3Ms Ha npeaMuiHuiaTa or 90° mo 0° ¢ texect ot 5.0 kg 3a 2 s, mocienBana ot ¢uiekcus 6e3
Texect ot 0° 10 90° 3a 2 s, ¢ MeTpoHOM, 15 min. Onpenensaxme mapaMeTpuTe Ha eKCIIepUMEHTaTHATA
OoJsika mipeau-, BeIHAra ciiell- U 24 vaca ciieq HaToBapBaHeTo. boyikara Oerie MHAyHMpaHa upes: (a)
napactBamn] Hatuck (kPa) ¢ Typaukeroa texumka ("cuff algometry); u (b) nmanmamnms B Hadanoro,
HMHEpBaIlMOHHATA 30HA W MHCEpIUATa Ha m. biceps brachii. bonkara omeHsBaxMe BepOasHO U upe3
BH3yayHo-aHajoroa ckama (0 - 100 mm) npu ¢uxcupan 0onkoB ctumyil. Onpenensxme ChIIo:
BIJIOMETPUS B JIAKbTHA CTaBa, CaHTHUMETpHs Ha m. biceps brachii, nuHaMOMeTpus, apTEpPHAIHO
KpBbBHO Hajsrane, mync. [lomyuenute nannu ouenuxme ¢ ANOVA. Pesynratute mokasaxa, de: (a)
CBILIECTBYBA JOCTOBEpHO MoHmKeHue (p<0.05) Ha OONKOBHUTE MparoBe W IMOBHUIICHHE HA OOJKOBHUS
PEUTHHT Cliel eKCIIEHTPUYHO HaTOBapBaHe Ha (pIeKCOpHUTE Ha JAKbTs, KOUTO CE MPOSBSIBAT B Hal-
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BHICOKa cTereH 24 waca cien HaToBapBaHero; U (b) Wpe3 mpemnokeHaTa METOAMKA C€ IOTydaBaT
BB3MPOU3BOANMH U HAJECKIHU CTOMHOCTH Ha MapaMeTrpuTe 3a oneHka Ha DOMS npu HaTuck u
TMajmanyy.

Kawo4yoBu qymu: ekclieHTpUYHH chKpatieHus; 6oinka; DOMS; TypHHKeT; CKeJIeTeH MYCKYIL.

2.14.
EKCOEHTPUYHU MYCKVYJIHA CbKPAIIEHWA: PDEHOMEHU 1
YYACTHUETO UM B CIIOPTA U PEXABUJIMTALMUATA

Hesena [lenueBa™* **

*"Karenpa "Kunesurepanus", [legarorauecku daxynret, FOrozamanen YHuBepcurer
"Heodut Puncku", 2700 bnaroesrpan
*#'Cekuus "Bp30ynumu crpykrypu", Mucturyr nobuodusuka, BAH, 1113 Codus

Pe3tome. CkeneTHUTe MYCKYJIM T€HepuUpaT cujia 4Ype3 IPOMEHH B MPOCTPAHCTBEHATa
KOHGUTypanus Ha ChbKpAaTHUTEIHH OenThIM. ElacTHYHNTEe KOMIOHEHTH Ha IIMTOCKeNeTa Ha
MYCKYJHUTE BJIaKHa MpeJaBaT I'eHepupaHaTa CHJIa Ha CYXOXKUJIMSATa U KOCTHO-CTaBHUS
anapar. Taka ce ocblecTBsIBa JIOKOMOLUATA, MPEOJOJIIBAHETO Ha Pa3JIMYHU YCKOpPEHUS,
TCeHEPHpPAHETO HAa MYCKYJIHHS TOHYC W Tp., T. €. JBUTaTelIHaTa akTHBHOCT. Korarto
rojeMuHaTa Ha Cuia, IPUJIOKEHA KbM CKEJIETeH MYCKYN € MO-ToJisiMa OT Ta3M, KOSTO TOU
MOXKE€ J]a TeHepUpHUpa, MYCKYJIbT 1€ C€ YABKU U B TO3U CiIydyall Ka3Bame, ye HU3BBpLIBA
YIBIDKABAIld WM eKCIGHTPUYHHM CBKpCHIeHWs. B Hacrosmus Kparbk 0030p ca
MIpPEe/ICTaBEHU CHBPEMEHHM JaHHHM 3a CBOMCTBaTa Ha EKCLEHTpUYHATa MYCKYJIHa padora,
KOSITO nMa (heHOMEHAJICH XapaKTep 3amiomno: (a) reHeprupa Hal-roIsIMa CHUJia U MOIITHOCT B
MYCKYJIMTE, B CPAaBHEHHE C JAPYTUTE TUIIOBE ChKpamieHus; (b) nMa Hal-HUCKH METaOOIMTHU
pasxoan; u (C) KUCIOPOJHATA KOHCYMAIHsI, KOSTO € JUMUTHpanl (akrtop mpu Gpu3muecku
HATOBapBaHMA, NPH Hesl € Hal-manka. Makap, 4e (QHU3HOJOTHYHUTE, OMOMEXaHWYHHTE W
OMOXMMHUYHUTE AacleKTH Ha EKCIECHTPUYHHUTE CBHKpAIIEHUS ca CIOpPHHU, IO- HATaThK B
o030pHaTa craTtusi ca pasriieJaHd Yy4yacTHETO U MPWIOKEHHSATa Ha EKUEHTPUYHUTE
HaTOBapBaHMA B: (a) TUIMOMETPHYHATA TPEHHPOBKA, M3IMOJ3BaHA IMPH PA3IUYHU CIOPTHH
mucuuIuinHy; (b) KuHe3uTepanusTa nIpu Xunorpodusi, cCBbp3aHa ¢ MPOrpecuBHA 3aryda Ha
MYCKYJIHA Maca Mpu BB3PACTHH, IPU OCTEONCHUS U MYCKYITHO-CYXOXXHIIHH YBPEIX U TIp.; U
(c) pexabunuTanusaTa Ha NAUEHTH C KapAUO-pPECHUPATOPHU ACPUIMUTH, TOPAAU HIAAALIUAT
pexxuM Ha paboTa Ha CbpPJACUYHOCHAOBATA U JAuxarenHaTa cucrema. OyHIaMEHTAIHUTE
CTpaHH Ha eKIEHTPUYHUTE MYCKYJIHH CBKpAlleHHs W YYaCTHETO WM B CHOpPTa U
pexabunuranusTa ca aKTyaJlHu TEMHU, HO CJ1a00 3aCTBIICHH B JIUTEpaTypara Ha OBIATapCKH
€3MK, KOETO MpaBH . HacTosIaTa 0030pHa CTaTHs MOJIe3Ha.

Kiaw4oBu AyMH: EKCICHTPHUYHHM CBHKpAIEHUS; IUIMOMETPHS, CTPEYUHT; XHIIOTPOQHS,
CapKOIIEHUS.

2.15.

Experimental pain measurement in different exercise models

NEVENA PENCHEVA!, KRISTINA GRANCHARSKA!, EVELINA NIKOLOVA!, &
CHAVDAR KOTCEV?

]Kinesitherapy Department and 2Department of Theory and Methods of Sport Training, Faculty of Education,
South-West University, 2700 Blagoevgrad
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Abstract

The cuff pressure algometry for the assessment of experimental pain, before and after
exercise, has been studied using the following parameters: discomfort (DSC), pain thresholds
(PT), powerful tolerable pain (PTP), powerful intolerable pain (PIP) and pain rating (PR), in
both - eccentric loading of the elbow flexors and graded dynamic exercise to exhaustion.
DSC, PT, PTP and PIP were significantly higher and PR was significantly lower (p<0, 05)
after graded exercise. The hypoalgesic effects were pronounced for trained and for more
powerful pain stimuli. Eccentric loading evokes hyperalgesia and the dynamics in the pain
parameters was most manifested 24 hours after exercise. So, the tourniquet algometry is a
sensitive and noninvasive method for measurement of experimental pain in different models
of exercise.

Keywords: Cuff pressure algometry, pain threshold; pain tolerance; eccentric exercise;
incremental exercise

2.16.

BLOOD GASES AND ACID-BASE STATE BEFORE- AND AFTER GRADED
DYNAMIC EXERCISE

NEVENA PENCHEVA!, KRISTINA GRANCHARSKA!, IVAN KADIISKY: &
MARIANA GENOVA®

! Kinesitherapy Department and ° Department of Theory and Methods of Sport Training,
Faculty of Education, South-West University, 2700 Blagoevgrad
3 Chair of Clinical Laboratory and Clinical Immunology, Medicinal University, 1431 Sofia

Abstract

The aim: to examine the effect of an ergometric test on exhaustion in untrained (UTR) and
trained (TR) males on blood gases, acid-base state (pH; HCOs"; BEp) and blood level of
lactate - Lay. The activity of creatine kinase (CK), lactate dehydrogenase and their
isoenzymes were also determined. Runners and UTR males performed incremental test.
Arterialized capillary and venous blood samples were drawn and assessed. Lay, after exercise
were higher in TR and corresponds to longer duration and higher maximal exercise power
(270.0+£28.3 W, compared with 216.0+12.6 W in UTR). The decrease in pH was bigger in
UTR. The increased CK in UTR, probably originating from the skeletal muscles, was
established. The [BE]/[La]b ratio indicates deadaptation state for UTR and very good
adaptation for TR.

Keywords: Blood gases, acid-base state; lactate concentration, base excess, creatine kinase.

2.18.
STIMULUS-RESPONSE RELATIONS OF DEEP TISSUE PAIN OBTAINED WITH
COMPUTER-CONTROLLED PRESSURE ALGOMETRY

Stoilov A. I, Pencheva NZ., Trenchev I3., Grancharska K.’

'Department of Physics, *Department of Kinezitherapy and *Department of Informatics ;
South-West University, Ivan Mihailov Str. 66, 2700 Blagoevgrad, Bulgaria
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Abstract: The aim of this study was to test the newly designed computerized pressure
algometer. The study included healthy male subjects. The experimental set-up consisted of a
tourniquet cuff, a computer controlled air compressor and an electronic visual analogue scale.
In case of 1 kPa/s and with biofeedback, the values for the pain threshold (PT) and pain
threshold tolerance (PTT) were: 206 + 10 kPa and 243,7 + 13 kPa respectively. An increase
(p<0.05) of PT was established following the changes of compression rates. The values
without biofeedback were similar concerning PTT, while the values for PT were without
changes. The optimal approximation of the pressure-pain data was obtained with exponential
growth function (y=y0+Aexp(x/t)). The presented study allow: (i) to obtain and analyze
experimental stimulus-response data with computerized cuff pressure algometer; (ii) to
established that in healthy volunteers the pressure-pain data could by approximated with
exponential growth function; (ii1) to precise the range of PT and PTT without and with
biofeedback.

Keywords: pressure algometry, deep tissue pain.

2.19.
Microcontroller-based system for pneumatic pressure algometry

ANTON STOILOV', NEVENA PENCHEVA?, & KRASSIMIR IVANOV?®

"Department of Physics, Faculty of Mathematics and Natural sciences and *Department of Sports and
Kinezitherapy, Faculty of Public Health and Sport, South-West University, 27 00 Blagoevgrad,
Bulgaria;

’ Vietnam Airlines Corporation, Flight Crew Division 919 Boeing 777, 1 Hong HA Street, Tan Son
Nhat Airport Ho Chi Minh City, Vietman

Abstract

Although the human pain research on deep tissue pain by pressure stimulation is relevant in
experimental and clinical settings, there are no data in the literature, describing the theoretical
basis, experimental set-up and testing of contemporary computerized system for pneumatic
pressure algometry. That is why in this article a microcontroller-based, cuft pressure
algometer is proposed. Details and solutions for the components of the microcontroller-based
data acquisition system, design of the microcontroller and electropneumatic regulator,
considerations and solutions for the software and for the development environment and
requirements for the hardware, are presented. The experimental set-up consists of: pneumatic
tourniquet cuff, a computer-controlled air compressor and a 100 mm electronic visual
analogue scale (VAS) for continuous pain rating. The range of the compression rate is 0-5
kPa/s. Further, we tested the device by a preliminary study with healthy, male volunteers and
obtained values for pain threshold and pain tolerance threshold, assessed on the astrocnemius-
soleus muscle of the right leg, as a function of compression rate (0.25, 0.50 and 1.00 kPa/s).
The pressure-time VAS curves were also obtained. These results give us ground to believe
that the microcontrollerbased, pneumatic algometer, proposed in this article is a contemporary
device for cuff pressure algometry and for quantitative pain testing with possibilities for
assessment of temporal and spatial sides of deep somatic or muscle pain by stimulus-pain
response curves.

Keywords: microcontroller, data equisition system, development environment, cuff pressure
pneumatic algometer, pain threshold, pain tolerance threshold, pressure-time VAS curve.
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2.21.

OIIEHKA HA AbJBOKA TbKAHHA BOJIKA NNPEU U CJIEJl HATOBAPBAHE
IIPU 3IPABU XOPA

B3
Ienuesa Hepena'’, I'pbHuapcka Kpncnmal’z, CrouwioB AuToH’

'FOz03anaden  Ynusepcumem, ®axynmem O6wecmeeno 30pase u cnopm, Kamedpa Cnopm u
Kunesumepanus, bnacoesepao, bvaeapusi;

2Meauum.tcku Yuueepcumem, Meouyuncku @axynmem, Cogus, bvireapus;

'[0z03anaden  Ynusepcumem, — ITpupodomamemamuuecky — Daxynmem, Kamedpa — @usuka,
brazoesepad, bvreapus.

Pe3srome. [lpencraBenu ca aHHU 3a OIICHKA Ha €KCIIEpUMEHTAJIHA bJIOOKA ThKaHHA OOJKa
IpyU MeXaHW4yHa CTHUMYJIalMsg Ha 30paBuM HeTpeHupanu (n=12) B mokod u cruen
cyOMakCUMaiaHO, CTHIIAJOBHIHO, HAaTOBAapBAHE H3MEPEHH C KOMIIOTHPU3HMPAH, MPECOPEH
QIrOMETHpP. YCTPOMCTBOTO €€ CBHCTOM OT ITHEBMATHYEH pEryjiaTop, TYPHUKETOB MAaHUIET,
KOMIIPECOP U €JIEKTPOHHA, BU3YaIHO-aHAJIOTOBa CcKaja. MaHIIEThT ce HaMOTaBa OKOJIO JIEBUS
U JIECHUS KpaK Ha HHUBOTO Ha m.gastrocnemius-m.soleus. CroitHoctute (meantS.E.M.) Ha
npara Ha 6onkata (PPT) u npara na GosikoBust Tosiepanc (PTT) ca usmepenu B nokoit uiu
cinen HaroBappaHe (c u 6e3 feedback) m anamusupanu ¢ Friedman ANOVA umu Wilcoxon
TeCT. YCTaHOBEHO €, 4e: - ctoiHocture Ha PPT m PTT ce nmoBumasar npu HapacTBaHE Ha
CKOPOCTTa Ha KOMIIpECHs]; - CyOMakCHUMaJHOTO HAaTOBapBaHE IPEIU3BHKBA XUIIOAIT€3UYEH
edext. Te3u pe3yaratu nmokasBar, 4e pecopHaTa ajaroMeTpus € MOoAX0A11a 32 U3MEpPBaHe Ha
YyBCTBUTEIHOCTTa KbM OOJIKA HAa COMaTW4HAaTa ThKaH Ha KpalHUIMTE, BKIIOYUTEIIHO Ha
CKEJIETHUTE MYCKYJIU IIPU HaTOBapBaHE.

KarouoBn aymm: OO0JKOB Ipar; KOMIIOTbpU3MpaHa alroOMETpus, CKEJIETHU MYCKYJIH;
HaTOBapBaHE.

2.22.
POJISI HA TECTOBE 3A AEPOBEH KATTAHUTET 3A OBYUYEHUETO I10 CITIOPT
IIPU 3IPABU HETPEHUPAHU CTYJAEHTHU

HeBena IlenyeBa, YaBgap Koues u AHTOH MaHueB

FOz03anaoen ynusepcumem ,, H. Puncku’”’, braeoesepad, kameopa ,, Cnopm u kunesumepanus”,
gaxynmem ,, Obwecmeeno 30pase u cnopm’”

Pestome. llenta Ha Hacrosimus JOKJIAJ € Jla c€ MPEACTaBU OICHSIBAHETO HAa aepoOHUS
KalauuTeT Ha 3ApaBU, HETEPHUPAHU CTYIEHTH KaTo akTyaleH MpoOjeM Ha CIOpTHATa
¢u3nonorus M CHOpTHATa NEeAaroruka. AHaJW3MpaHU ca IapaMeTpuTe Ha aepoOHus
karnauuTeT (VOomax, Wmax, HUBaTa Ha JaKTaT U Jp.), HAKOU MAKCHUMaJIHU U CyOMaKCUMAaJIHU
TECTOBE M Ca NPEJICTaBEHU apryMEHTH 3a MPUIOKEHHETO Ha TECTOBETE B OOYYEHHMETO IO
crnopt mpu HeTpeHupanu cryaeHTH (19-26 rox). U3moxeHnure naHHM JOKAa3BaT poJisiTa Ha
(YHKIIMOHATTHUTE U3CIIEBAHUS BbPXY a€pOOHUS KalalUTeT 32 ONTUMU3UPAHETO Ha y4eOHO-
TPEHUPOBBYHUS TPOLIEC MPU 3ApaBH, HETPEHUPAHU CTYIAEHTH M 32 pPa3BUTUETO Ha
CTYIAEHTCKHS CIOPT.
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KirouoBu aymm: aepobeH kamanurteT, paboTocmocoOHOCT, VOjrmax, CIIOPTHA TMEarOTHKA,
HETPEHUPAHU CTYIECHTH.

3.14.
ASSESSMENT OF TRAINING IN YOUNG CANOEING ATHLETES BY MUSCLE
FIBRE CONDUCTION VELOCITY

Lilia Christova], Vassilis Diafasz, Katerina Stambolieva’ , Vichren Bachev* , Nevena
Pencheva’, Andon Kossev'

'Institute of Biophysics and Biomedical engineering, Bulgarian Academy of Sciences, Acad.G.
Bonchev Str., Bl. 21, Sofia, Bulgaria

’Department of Physical Education and Sport Science, Athens University, Athens, Greece

*Institute of Neurobiology, Bulgarian Academy of Sciences, Acad.G. Bonchev Str., Bl. 23, Sofia,
Bulgaria

‘National Academy of Sports, Studentski grad, Sofia, Bulgaria

’South-West University, Blagoevgrad, Bulgaria, Faculty of Public Health and Sports

PE3IOME. llen na HAcTOSIIOTO H3CJIE€ABaHE €. - Ja C€ OIEHH HHUBOTO Ha
TPEHUPAHOCT YpE3 M3MEPBAHE Ha CKOPOCTTa Ha MpPOBEXJaHe Mo MycKyiaHU BiakHa (CV —
conductance velocity) Ha ocpeqHeHuTe NOTeHUManu Ha wuHTepdepentHa EMIT mpu
ChCTE3aTeNM MO KaHy-KasK (IOHOILIeCKa Ipylna) M MpU HETPEHUpally JHla OT Chbllara
BB3pacToBa Ipymna; U — Ja ce mpoydaT IPOMEHUTE B CKOPOCTTa B pe3yJsiTaTa Ha nepudepHa
MYCKYJIHa yMopa npu JBere rpynu. M3ucnensanu ca 15 cberesarenu no kany-kask (14-17 r.;
16.3 £ 0.76 r.), KOUTO ca TPEHUPAIX HE MOBEYE OT 3 MBTU CEAMHUYHO B MPOIBIDKCHUE HA 2
roJuHu U 16 31paBu, HETpeHUpAIIU TUHHEHDKBbPH Ha cbliata Bb3pacT. EMI ce peructpupa
[0 BpEME Ha BOJIEBA, M30METPUYHA CYITHHALMS Ha npeaMuinHunara npu 90° duekcus mpu
100 %, 75 %, 50 % u 25 % ot makcumanHaTa BosieBa kouTpakuus (MBK) npeau, mo Bpeme u
clie]] TPOTOKOJ 3a TIeHepupaHe Ha MYCKyiaHa yMmopa. BoneBute koHTpakuuu Osixa ¢
MPOIBIKUTENHOCT OT 3 s mpu 3 noBropenus. Uurepdepentnara EMI' ce perucrpupaie ot
m. biceps brachii Ha pgscHara (IOMUHAHTHa) pbKa C NOBBPXHOCTHU, KUUKOBH EIEKTPOIH.
OcpenHeHUTe MOTEHLMAAU TpU Pa3IMYHUTE TPYIU CE€ CpaBHsSBaxa C HeNapaMeTpUYHUTE
Mann-Whitney U tect u Wilcoxon match-paired Ttect mpu oneHka Ha 3Ha4YMMOCTTa Ha
MEXAYTPYIIOBU U BBTPETPYIOBH PA3INYUATA, CbOTBETHO. llomydyeHure pe3ynraru nokasaxa,
ye: - cpennute croiiHocty Ha CV 3aBucat (p<0.05) oT HUBOTO HAa MYCKYJIHAaTa aKTUBHOCT IIPU
ChCTE3aTeNIUTe M0 KaHy-KasgK U HEe 3aBUCAT IPHU HETpeHupaHute; - croiHoctute Ha CV ca
3HAYUMO TO-BUCOKHU IIPU TpeHUpauuTe; - croiiHoctuTe Ha CV HamansBaT CTaTUCTUYECKU
3HAYUMO cJIe/l IPOTOKOJ 3a ymopa npu 25 % u 100 % or MBK npu Herpenupamure u npu
100 %, 75 % u 50 % ot MBK npu cwcrezarenure nmo kany-kask. [losydeHuTe maHHH ca
OCHOBaHUE 3a clleqHUTe mnpeanojoxeHus: - CV mo MyCKyJIHHTE BJIaKHa, KaTO OCHOBEH
(U3HOJIOTMYEH MapaMeTbp 3a (PYHKIIMOHAIHOTO CHCTOSIHME Ha CKEJIETHUTE MYCKYJIH, MOXE
na ObJle U3I0JI3BaH 3a MpeACcKa3BaHe Ha HUBOTO Ha TPEHUPAHOCT IPU ChCTE3aTENH 10 KaHy-
KasK, a BEPOATHO U IPU peIula IPYry BUJIOBE CIIOPT; - Pa3IUuUiATa MEX1y TPEHUPAIIUTE U
HETPEHUpAIIUTE IOHOLIM MOraT Jia ce OOBBbp)KAT C pazIuuus B PEKPYTHPAHETO Ha
JIBUTATEITHUTE €IUHUIIM, KOETO BOJM 10 MO-PaHHOTO 000COOsSBaHE HA rOJIEMUTE JIBUraTEeIIHU
€IMHULIA U OOSICHSIBA TIOBEIEHUETO UM IPU IO- MHTEH3UBHU HATOBAPBAHUS; - IPOMEHUTE B
CV npu TpeHupamure Juia mMoraT ja ObAar pe3yiarar OT NPOMEHU B THUIA HAa aKTUBALUS
W/WIM HEBPOHAJIHA U MOP(OJIOTHYHA aJanTalHsl.
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6.1.6.
PAIN THRESHOLD AND PAIN TOLERANCE IN DANCERS

K. Grancharska, N. Pencheva

Kinesitherapy Departmenti of Pedagogical Faculty, South-West University "Neofit Rilski"i
Blagoevgrad, Bulgariai

Differences in pain threshold (PT) and pain threshold tolerance (PIT) have been
founded, depending on the types of exercise. In this study we compared a PT, poor pain
threshold (PPT), powerful tolerable pain threshold (PTPT), PIT and pain rating (PR) in folk
dancers and in untrained subjects, before and after graded exercise. The cardiovascular and
biochemical parameters were also compared. PT, PPT, PTPT, PIT and PR were assessed
with pressure algometry. The visual-analog scale (VAS; 0-100 mm) was used for PR PR
before and after exercise by palpation of vastus lateralis was also determined. There was no
pain during palpation, before and after loading in dancers, while in the untrained the pain
level in the insertion was 1.55+0.9 mm and 0.35+0.2 mm, respectively. The PR was lower (p
<0.05) for dancers before and after exercise, as compared with untrained. PPT, PTPT and
PIT were increased after exercise for both groups, but the values for dancers were 1.5 times
higher (p<0.05). The results of this study suggest that: 1) the dancers have higher PIT and
lower PR, at rest and after exercise; 2) the regular physical activity and the graded exercise
to exhaustion produce manifested hypoalgesic effects.

Acknowledgments: This study was supported by Grant "VU-B 11{05" of Ministry of
Education and Science and by Grand of University project (internal funding; 2008-2010).

6.1.11.
Oral presentations
OP-PHO07 Physiology 7 - Thermoregulation and Heat Stress

CANNABINOID AND OPIOID  ANTI-NOCICEPTIVE  MODULATION  OF
MECHANICAL AND THERMAL STIMULI AFTER LIMITED MOTOR ACTIVITY

Pencheva N.], Grancharska K.l’z, Bocheva A.2, Dzhambazova E.
! South-West University, Faculty of Public Health and Sports (Blagoevgrad, Bulgaria)
? Medical University, Medical Faculty, (Sofia, Bulgaria)

Introduction

Exercise and limited motor activity induce hypoalgesia, including in the skeletal muscles
(Dietrich, McDaniel, 2004). The aim of this study was to test the contributions of cannabinoid
CBI1 and opioid receptors in anti-nociceptive modulation across mechanical and thermal
stimulus modalities in acute or repeated immobilization.

Methods

Nociception was measured in rats with Paw pressure or Hot plate test. The threshold measure
with Paw pressure test (P-PTT) and the paw lick latency (sec) as threshold of Hot plate test
(T-HPT) were assessed. For immobilization stress the animals were placed in a tube for 3
hours or for 4 days. Naloxone (opioid receptor antagonist) and AM251 (CB1 receptor inverse
agonist) were administrated 1.p. after the stress and before nociceptive testing. All values were
expressed as mean = SEM. One-way ANOV A was used to verify the statistical significance (p
< 0.05) between the treated and control groups.
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Results

Acute immobilization increased the values of P-PPT (g/cm2) and P-HPT (sec) form 116+13
to 216£19 and from 3.9+0.5 to 6.3+0.7, respectively. Naloxone (2 mg/kg) induced
hyperalgesia, more pronounced for mechanical pain. AM-251 (1.25 mg/kg) reduced the
values of P-PPT and P-PHT with 58+75% and 44+6% respectively. The application of
naloxone and AM-251 induced a decrease of the values of P- PPT with 73+8% and for P-HPT
with 59+7%. Repeated immobilization did not evoke hypoalgesa, but attenuated the
hyperalgesic effect of naloxone with 12+3% for mechanical and 22+3% for thermal
stimulation, and of AM-251 with 33+4% and 40+6%, respectively. Simultaneously
application of AM-251 and naloxone reduced the values of the mechanical threshold with
38+5%, but of thermal with 25+4%.

Discussion

The results suggest that: - acute and chronic immobilization-induced hypoalgesia is mediated
by CBI and opioid receptors; - antimechanical pain effect is 2-2.5 fold stronger than anti-
thermal; - the cumulative effect of opioid receptors and CB1 receptors is observed in the acute
stress and in the mechanical modality of the chronic. The cross-talk between cannabinoid and
opioid systems, supported by anatomical, biochemical and molecular data (Robledo et al.,
2008) is revealed. The effects of the opioid system (Pencheva, Bojkova, 2004) are more
pronounced in acute immobilization stress, while the cannabinoid mechanisms predominate
probably after chronic stress.

References

Dietrich A, McDaniel WF (2004). Br J Sports Med, 38, 536-541.

Pencheva N, Bojkova L (2004). Sport & Science (bulg), 2, 101-112.

Robledo P, Berrendero F, Ozaida A, Maldonado R. (2008) Addiction Biology 13(2), 213-224.

Acknowledgements. The study was supported by Grants “D002-54/08” and “DVU 01/197”
of NFNI.

6.1.12.
Oral presentations

Muscle Physiology

CROSSTALK  BETWEEN THE EXERCISE-INDUCED MECHANICAL
HYPOALGESIA AND ISOKINETIC MUSCLE STRENGTH

Pencheva, N.l', Sloilov. A.z, Grancharska, K.!

"Department oi Sports and Kinesitherapy and 2Depalrtmenl of Physics of SOUTH-WEST
UNIVERSITY (Blagoevgrad, Bulgaria)

Introduction. The exercise-induced hypoalgesia (EIH) is a controversial issue and further
research is warranted. The aim Of this study was: - to compare pain-pressure threshold (PTT)
at rest of gastrocnemius-soleus muscle (GS) between dominant and non-dominant lower leg
or between lateral and medial part of GS belly; - to assess the degree of EIH in loaded (GS)
and unloaded (b. brachii BB) limb; and - to correlate PPT or EIH with muscle strength.
Methods. The study included 19 right-handed, right-legged, male voluntes (median age- 21
years, range 18-23). Hand-held pressure algometer (Somedic AB) was used to evaluate the
PTT (kPa/cm2). The pressure increase rate of 50 kPa/s was applied to left and right lower leg
on both lateral or medial part of the GS belly and to left and right BB before and 15 min after
treadmill test to exhaustion. The elevation of the PTT after exercise was a measure for the
degree of EIH. To define subject's maximal ankle (plantar/dorsal flexion; speed: 30 °/s) or
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knee (flexion/extension; speed: 60 °/s) muscle strength, an isokinetic dynamometer (Biodex
System 4 Pro) was used.

Results. The medial part of the GS muscle was more sensitive to pressure (PTT, kPa/ cm2
350£25-right side; 350+24-left side) as compared with the lateral (143018 and 390+£19,
respectively), but only the right lateral part was less sensitive as compared to the left one.
The EIH (kPa/cm2) was maximal for the lateral part of right GS (150.2+17.39) and was more
pronounced in comparison with unloaded limb (right BB: 63.5+15.81). The EIH correlated
(p<0.05) to ankle muscle strength (plantar flexion 117.8+8.7 NM; r=0.77) and knee muscle
strength (flexion, 121.3+6.7 NM, r=0.69; extension, 239.5+11.8 NM, r=0.54).

Discussion. The differences in PPT's between lateral and medial part of GS found in the
present study, correspond to suggestions (Polianskis et al., 2001) for different nociceptor
density in functionally diverse locations of a muscle. The EIH is not localized to the
exercising body part. Central pain inhibitory mechanisms probably mediate the EIH (Koltyn,
2000; Drury et al,, 2004; Pencheva and Petrova, 2005), but the greatest increase in PPT
occurs in the exercising limb. The correlation between the EIH with isokinetic muscle
strength found in this study suggests that the endogenous modulation of pain perception
following exercise improves muscle strength.

References

Drury DG, Siuempfle K, Shannon R, Miller J (2004). JEPonline, 7(4), 1-5.

Koltyn KF (2000). Sports Med, 29(2), 85-98.
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Nielsen Th, Arendt-Nielsen L (2001). Eur J Pain, 5, 267-277. Acknowledgements. The study was supported by
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6.1.13.
H17 Physical Activity & Health in Special Populations

ASSESSMENT OF AEROBIC CAPACITY AND MUSCLE FUNCTION IN HIGH
SCHOOL MALE STUDENTS

Manchev, A.|, Pencheva, N.l, Stoilov A.z, Kotcev. Ch.!
'Department of Sports and Kinesitherapy and *Department of Physics of SOUTH-WEST
UNIVERSITY (Blagoevgrad, Bulgaria)

Introduction. The role of the physical education teacher is to prepare proper programs of the
students and to develop their fitness level, aerobic capacity and muscle strength. So, the aim of our
study was: - to test the aerobic capacity and isokinetic knee and ankle muscle strength of male
students, and - to assess the correlation between the isokinetic muscle strength and aerobic aptitude
of the students.

Methods. Twenty male, high school students (age: 22.54+2.3 years, height: 178.4£1.3 cm, weight:
79.143.0 kg) performed treadmil test (Tzvetkov et al., 2008) at an initial speed of 6 km/h, an increase
by 1.2 km/h every 90 s until exhaustion. To measure student's maximal ankle (plantar/dorsal flexion
speed - 30, 60,120 °/s) or knee (flexion/extension, speed - 60, 180, 300 °s) muscle strength, an
isokinetic dynamometer (Biodex System 4 Pro) was used. Body composition was assessed by
electrical bioimpedance.

Results. The mean vaues£SD for the peak responses of V02 (ml/min/kg), VE (I/min), HR (bpm) and
speed (km/h) were: 48+5, 115£25, 190+8 and 11.2+0.9, respectively. The knee extensor/flexor peak
torque (meantSEM) at 60, 180 and 300 °/s was 230£12/117+6, 150+8/87+5 and 104+6/67+4 Nm
respectively. The maximal isokinetic plantar/dorsal flexion torques al 30, 60 and 120 °/s were
118+9/454+4, 101+£8/34+2 and 75+5/23+2 Nm respectively. A decrease (p<0.05) of the knee
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flexion/extension ratios, was established. The individual muscle strength for knee extensors, knee
flexors and ankle plantar flexors was significantly (p<0 05) related to the fat free mass (r=0.80).
However, neither peak V02, nor other parameters of aerobic capacity were related lo the muscle
strength.

Discussion. Isokinetic muscle strength and maximal aerobic capacity are independent of each other
in untrained male students. However, the values for isokinetic knee and ankle muscle strength, which
are in agreement with those of other researchers (Dvir, 1995, Schiltz el al., 2009), are accompanied
with average aerobic capacity and low pulmonary ventilation. So, the relevant physical education
programs have to be recommended in order to increase cardiopulmonary endurance and aerobic
power of the students, although the majority of them prefers isometric training. Because of the
muscle imbalance between knee flexors/extensors, special exercise, to increase the strength of
hamstrig is also appropriate.
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C. OnTuMaJHOCT HA TeHETHYHUS KOJ - MATEMATHYE€CKO MO/IeJIMPaHe.

2.5.
SIXTH INTERNATIONAL CONFERENCE

on Discrete Mathematics and Applications

THE GENETIC CODE OPTIMALITY
IVAN TRENCHEYV, PETER MILANOV, NEVENA PENCHEVA

Abstract. The genetic code could be considered as a system of storage, transmission,
execution and regulation of the information encoded in the genes. The notion of resistance of
the genetic code against the effect of mutations, which are equivalent of the errors inherent to
all information systems, is analyzed. It is to be expected that contemporary genetic code is a
structure ensures maximum resistance to mutation effects. So it is worthy to analyze this
problem. It can be shown that, different theoretical codes built from a fixed number of
triplets resist to the effect of mutations differently depending on the relative positions of their
codons in the 64 possible divisions. The previous works in this area analyzed the optimality
of groups of triplets translated into the same amino acid. It hasn't been measured correctly the
resistance of the whole genetic code to the creation of non-synonym mutations. In the present
paper we define measures of resistance of the genetic code and corresponding optimization
principles. It is observed a good correspondence between the contemporary genetic code and
the theoretical ones.
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2.12.
CTadUIHOCT HA OJIMTOHYKJIEOTHIAU, KOAUPAIIH [Met]s-emceq)a.ﬂuﬂ

KuBKo BeJIKOBl, HNBan TpeﬂquI, Ann Ta)mcepz, HeBena Heﬂquas, u Ilerbp

Muaanos'
"Mpupodomamemamuuecku gpaxynmem, KOzo3anaden ynusepcumem “Heopum Puncxu”, Hean Muxaiinos 66,
2700-Brazoesepao, e-mail: jivko_av(@yahoo.com
“Xunuyecku gaxynmem, Couiicku ynusepcumem ~Ce. Knumenm Oxpudcku”, 6yn. Joceiime Bayuep 1, 1164
Cogus
5 @axkynmem no nedacoeuxa, FOzozanaden ynusepcumem’Heogum Puncku”, Hean Muxaiinos 66, 2700-
brazoesepao

Pe3tome: [lo uncTo MarematndeH IbpT ca GOPMYITHUPAHE KPUTEPHH 32 YCTOWIMBOCT (M3MEHYMBOCT) Ha
reHeTHYHaTa uH(popMalHs 3aI0KeHa B MbPBUYHATA CTPYKTypa Ha HYKJICHHOBUTE KHCENWHU. B Tasu
pabora ce mpaBW OMUT 3a OICHKA Ha TE3M KPUTEPUH UYpe3 CHIIOCTABIHETO MM ChC CBOMCTBa Ha
OJIMTOHYKJICOTUAM TIOMYyYEHH dYpe3  MOJIEKYJIHO-MEXaHHYHH M3YMCICHHSA. 3a IOydyaBaHETO Ha
aJIeKBATHH MOJIGKYJIHM MOJIG/IA HA ONMTOHYKJICOTH M, KOAMPAIM CTPYKTypaTa Ha [Met]’-enkedanun,
¢ u3nom3BaH nporpamuus naker Hyperchem 7.0 u cunoBoro moie AMBER 96. OntuMu3upana e
CTpYKTypaTa Ha MOJENUTe M Cca HW3YUCIEHH TEXHHUTE MOTEHIMaNIHU eHepruu. CpaBHEHHETO Ha
M3YUCIIEHUTE TI0 TO3M HAUMH EHEePruu J1aBa BH3MOXKHOCT JIa CE MPOBEPAT U3BEACHUTE KPUTEPUHU U Ja
Cce OIIEHH €BOJIOIMOHHUS TTOTEHIIMA Ha U3CIeIBAHUTE OTUTOHYKIeoTua. OT MmoydeHUTe pe3yaTaTH
MOTaT Ja Ce HaIpaBsT CIeIHUTE U3BOAN: - ONTUMH3UPAHUTE CTPYKTYPH Ha HAMEPEHUTE B IpHUpoaaTa
HYKJICOTHTHU T1OCTIEIOBATETHOCTH 3aeMaT CPEIHO MOJI0XKEHHe 10 eHeprus. ToBa Mmpearnonara cpegHo
HUBO Ha YCTOMYMBOCT Ha T€HETHYHHS KOJ 3aJIOKEeH B TIX, KAKTO M BB3MOXKHOCT 32 E€BOJIIOLIMOHHH
npomeny; - [eHepUpaHUTE Upe3 ChbBPEMEHHHMS I'€HETHUeH KOJ HYKICOTHIHH CeKBEeHIMH Ha [Met]’-
eHke(a MH ca JOCTa pas3iMyYHHM 10 €HEepPrus, HO KaTo ISJI0 ca C MO-BUCOKA E€HEprus OT Ta3u Ha
TEOpeTHYHUTE KOo/IoBe. ToBa mperonara mo-Majika YCTOHUYHMBOCT Ha TEHETHYHUS KO, 3aJI0KEH B TSIX
Y B3MOYKHOCT 32 MyTalllH.

Keywords: ycmouuueocm na cenemuunama ungopmayus, OIUSOHYKIEOMUOU, MOJEKYIHA
MexaHuxa.

2.20.
Stability of oligonucleotides as a criterion for resistance of the genetic code

IVAN TRENCHEV', PETAR MILANOV'?, ZHIVKO VELKOV®, NEVENA PENCHEVA®, &
ALIA TADJER®

'Department of Informatics and 3Department of Chemistry, Faculty of Mathematics and Natural Sciences,
‘Department of Sport and Kinesitherapy, Faculty of Public Health and Sports, South-West University “Neofit
Rilski”, 2700 Blagoevgrad, Bulgaria

’Institute of Mathematics and Informatics, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria

Faculty of Chemistry, Sofia University “St. Kliment Ohridski”, 1164 Sofia, Bulgaria

Abstract

Different criteria for gene stability have been derived mathematically. To our knowledge,
there has been no experimental or theoretical support of these criteria so far. This study
presents the results of an attempt to evaluate the mathematical criteria for gene stability based
on the potential energy of the coded oligonucleotides. This energy strongly depends on the
code considered: contemporary (CGC) or theoretical genetic code, because nucleotides
sequences coding particular chains define specific internucleotide interactions. Mathematical
modeling of CGC, algorithm for solving of the discrete optimization problems and fully
parametrized computational chemistry methods are employed. Methionine enkephalin coding
oligonucleotides are used as model systems. Parameters of the mathematically generated and
natural oligonucleotides, including the potential energy, were calculated and analyzed.
Additional search in biological databases for the occurrence of the nucleotide sequences in
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biological species was also undertaken. Optimal oligonucleotide sequences for various codes,
including CGC, were established and compared in various species. The resistance of the code
against point mutations was evaluated. The results obtained make it feasible to suggest that:
(1) the computational chemistry methods together with appropriate mathematical modeling are
useful tools for the investigation of genetic code stability; (ii) the lowest species reveal the
highest values of the "average potential energy", while the lowest values are typical for
humans and mammals; thus the methodology presented allows investigations on the evolution
of the biological species.

Keywords: contemporary genetic code; potential energy; resistance; mathematical modeling;
discrete optimization

3.10.
Mathematica
Balkanica
New Series Vol. 18, 2004, Fasc. 1-2

Explicit description of the set of all theoretical genetic codes
Peter Milanovl'z, Ivan Trenchevl, Nevena Pencheva®*

An aspect of the evolution of the genetic code is to minimize the number of the errors during
transcription and translation. In the pertinent literature this problem is amdyzed by comparing of the
genetic code and the set of theoretical codes generated randomly. In this study we present an explicit
description of the set of all theoretical genetic codes as a convex polytope and prove that the
characteristic vectors of these codes are vertices of this polytope. Thus, the modelling, obtained by
us, sheds a new light on the mathematical analysis of the optimality of the genetic code, and allows
new classes of optimization problems to be formulated and investigated, including the minimization
of the errors.

At the same time the natural genetic code reveals the maximum resistance towards the translation
errors. The polytope description obtained by us, gives a possibility In analyze the properties of all
theoretical genetic codes, to characterize their translation errors and to compare them with those of
the contemporary genetic code. Our calculation s confirm that the classical genetic code is closed to
the optimal one, with respect to point mutations. However, the further analysis does not give much
information about the mechanisms of this evolution with respect to the minimization of the mutation
errors.

Key Words: optimization, genetic code, mutations

3.13.
The Slope as a Parameter in Fitting of Concentration-
Response Relations

Peter Milanov, Nevena Pencheva, Ivan Trenchev, Asen Vitanov
Souih-Wesi University, Blagoevgrad, Bulgaria

Abstract: To elucidate the role of the slope as a parameter in fitting of concentration- response curves
in the quantitative pharmacology, four enkephalin analogues were tested for their effectiveness in
depressing electrically evoked contractions in some isolated tissues, containing specific receptors for
the enkephalins. The experimentally obtained inhibitory effects in a form of curves and two
computer's simulated data points, were approximated with both - two- parametric hyperbolic function
(TPH: E - 30[AJ/(JAum]+[A])) and three parametric hyperbolic- function (THPH: E = adAf /([Aw]"*
(A)"): A - opioid agonist: [A] - concentration of the agonist: E - the measured inhibitory effect; a, -
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the asymptote (ap = £j. where E* maximum response of A and E” potential response of the tissue):
[AxJ- a location parameter, which is the concentration of an agonist, which produces 0.5 ¢* ; and p-the
slope parameter The obtained results suggest that: (i) the approximation with TPH and THPH is
appropriate when the value of slope belongs to the interval (0.70, 1.30). additional procedure's have to
be applied for these cases when the differences between theoretical E*, and experimental E*,, are
significant: (ii) when the value of slope belongs to the interval (0.00, 0.60) the filling with THPH is
better than TPH; (Hi) the value of slope is less than 0.30 for partial agonists with E* tower than 0.30
and low efficacy, the fitting functions for these cases could be THPH or straight line, which depends
from the distribution of the experimental data points The dissociation constant K, and relative efficacy
emi were determined using explicit formulas derived by fitting of the data points with TPH.

Keywords: Concentration-response curves; Affinity; Efficacy: Slope: Partial agonist.
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