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AHHOTAIIUA

lenapu sABJsIeTCA aHTUKOATYJIAHTOM, IIMPOKO NIPUMeHsAEeMBbIM B KJINHUYEeCKOU MpakTuke. [JoMuMo aHTHKOATY-
JISSITUOHHON aKTUBHOCTU TelapuH 00J1a/1aeT IUTOCTAaTUUECKUM, O6AKTEPUOCTATUIECKUM, AaHTUJIUIIEMHUYECKUM, PaIHO-
IIPOTEKTUBHBIM JIEHCTBUEM, IIPOSBIISET AHTUAJIEPIUYECKUH U TUIIOTeH3UBHBIH 3 deKThl. [emapua MOy IupyeT Kap-
JIUOTPOITHBIE, HEHPOTPOIIHbIE, AaHTUTUIIOKCHYECKHEe, aHTUHUIIEMIYeCKHe CBOMCTBA PETYJIATOPHBIX MENITH/IOB U dapMa-
KOJIOTMYECKUX CPE/ICTB, IPUMEHAIOMUXCA IPU 00e360IMBaHUN U HapKo3e. IIpu aToM kpaiiHe Maso nHpopmauu o6
AHTUHOIUIIEITUBHOM JIEICTBUU TellapruHa.

Lesp HacTOAMENH PAaOOTH — U3yUeHUe BIUSAHUSA renapruHa IIPU COYeTAHHOM IPHUMEHEHUH C OIUOUJTHBIM aroHH-
cToM ¢GeHTAaHUIJIOM Ha MIO-DEIeNTOPhl Ha CIIMHAJIBHOM U CyIIpAacIMHAJIBHOM YPOBHAX. B ombITax Ha J1abOpaTOPHBIX
KpbICax yCTAaHOBJIEHO, UTO TellapuH IIPHU IIpe/IBApDUTEIbHOM U COBMECTHOM BBeIeHUH ¢ (eHTAaHUJIOM YBeJIUYHuBaeT Ja-
TEHTHBIH NepUOJT PEaKIIUK OTBEJEHUS XBOCTA U PeaKI[UK 00In3bIBaHusI 1all. HaJI0KCOH, SIBIISIONIUNCA aHTAaTOHUCTOM
OIIMOU/IHBIX PEIeNTOPOB, CHUKaeT aHTHHOLNUIENITUBHYI0 3¢ dekTuBHOCTD. [IpoTamMrHa cyabdaT TakKe CHUKAET yPo-
BeHb CEHCUOMIN3AINY TelIapUHOM OIHOUTHBIX PELEeIITOPOB.

TakuM 06pasoM, [0JIyUYeHHbIE TaHHBIE TI03BOJIAIOT TOBOPUTD O CEHCUOUIM3UPYIOIIEM JIeHCTBUH rellapiHa Ha MIO-
OIIMOU/IHBIE PENENITOPBI, MHUIMHUPOBAHHbBIE aTOHUCTOM, Ha CIUHAJIBHOM U CYIIPACIHUHAJIBPHOM YPOBHAX.

Kaloueswvle caoea: renapuH, GeHTaHWT, HAJIOKCOH, TPOTaMHUHA CyIb(ar, aHTHHOIUIIENITUBHOE JIEUCTBHUE.

ABSTRACT

Heparin is an anticoagulant widely used in clinical practice. In addition to anticoagulant activity, heparin has a cyto-
static, bacteriostatic, antilipemic, radioprotective effect, and exhibits antiallergic and hypotensive action. Heparin modu-
lates cardiotropic, neurotropic, antihypoxic, anti-ischemic properties of regulatory peptides and pharmacological agents
used in pain relief and anesthesia. At the same time, there is very little information about the antinociceptive effect of
heparin.

The aim of this work is to study the effect of heparin in combination with the opioid agonist fentanyl on mu-opioid
receptors at the spinal and supraspinal levels. In experiments on laboratory rats, it was established that heparin, when pre-
administered and combined with fentanyl, increases the latency in the tail flick test and the paw licking test. Naloxone, an
opioid receptor antagonist, reduces antinociceptive efficacy of the studied compounds. Protamine sulfate also reduces the
level of heparin sensitization of opioid receptors.
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Thus, the obtained data allow us to speak about the sensitizing effect of heparin on initiated by an agonist mu-opioid

receptors at the spinal and supraspinal levels.

Keywords: heparin, fentanyl, naloxone, protamine sulfate, antinociceptive action.

BBEJAEHHNE

lemapuH, TPUMEHAINUNACA B KIMHAYECKON
MpaKTHUKe KaK aHTUKOATYJISTHT IIEPBOrO BhIGOpa, 00-
JIaZIAaeT TEJIBIM PSIOM CBOMCTB, BBIXOZAIINX 32 paM-
KU aHTHUKOATYJITHTHOU cucTemsl [1]. [lomumo aHTH-
KOAryJISAIMOHHON aKTUBHOCTH TeTIapHH 001a/1aeT IU-
TocTaTUdeckuM [2], 6akTepuocTaTudecKuM [3], aH-
THWINIIEMHUYECKUM [4], paIIOTIPOTEKTUBHBIM [5] /1eti-
CTBHEM, BBISIBJIEHBI €70 aHTHAJUIEPTHUECKU [6] v Tu-
oTeH3UBHBIN [7] addexTsl. CpaBHUTENBPHO HEZAB-
HO ObUIa IOKa3aHa CIOCOOHOCTh relapyiHAa CBS3bI-
BaTh U WHAKTUBHUPOBATh MPUPOJHBIE TOKCUHBI, BXO-
JIAIINE B COCTAB ITYEJIMHOTO SI7]a U HEKOTOPBIX 3MEH-
HBIX s70B [8], a TakKe B3aMMO/IEHCTBOBATh C HEKO-
TOPHIMU (hapMaKOJIOTHUECKIMU BeleCTBAMH [9, 10].

AddexThl TenmapuHa 00YCJIOBJIEHBI PA3JIMUYHBI-
MU MeXaHU3MaMu. B yacTHOCTH, TOKa3aHO, YTO MHO-
rue 3¢ deKThl TemapuHa CBA3aHBI C €ro CIIOCOOHO-
CTHIO MOZYJIMPOBATh YPOBEHb HOHOB Kabiusa (Caz*)
[11]. ITporiecc MOBHIIIEHHS BHYTPUKIIETOYHOTO YPOB-
us1 Ca?* 00yc/I0BJIEH TEM, UTO BCJIEJCTBHE aKTUBAIIUH
¢ocdonmnnazsl C npoucxoaut rugpoans ¢GochoruHo-
3UTHUIOB, B pe3yJIbTaTe 4ero obpasyeTrcs WHO3UTOI-
1,4,5-Tpudocdar (13®), KOTOPHIH MOOUIU3YET BbI-
X071 BHyTpukierounoro Ca** [12, 13]. MHorue ad-
dextpr Ca?* orocpesloBaHbl OEJTKOM KaJIbMOJIYJIH-
HOM, YPOBEHb KOTOPOTO MOKeT IMOBbIIIaTh HAM®,
YTO IPUBOJIUT K elrfe 6osbineMy Boixoay Ca** u3 BHy-
TPUKJIETOYHBIX pe3epBoB [11]. 'ermapwH OKa3bIBaeT
BBIPaKEHHOE TUIIEPITIOJISIPUBYIOIIee JIEHCTBUE U MO-
JKeT U3MEHATh 3apsIHOCTh MeMOpaH, TaKuM oOpa-
30M MOAYJIUPYS JIEACTBUE KAJIBI[MEBHIX KAHAJIOB U
perysupysi ypoBeHb CBOOOHBIX HOHOB KaJIbIIHS, SIB-
JISIOIINXCS OAHUM W3 BRXKHEUIINX WHAYKTOPOB BBI-
JleJIeHus1 BHyTpuKIeTogHoro Ca? [14].

Kpome Toro, y remapuHa BbISBJIE€HA BO3MOXK-
HOCTh OOpPa30BBIBATh KOMIUIEKCHI C PA3THMIHBIMU
coemuHeHUsIMH. ['ermapuH criocobeH oO0pa3oBBIBATh
KOMILIEKCHI C TIOJIOKUTEJIbHO 3apsuKeHHBIMHU KO-
HAaMH METUIOB, KATHOHAMU, B TOM YHCJIE OpTaHU-
yeckumu: K+, Na*, Ca**, Ba>*, Cu**, Cl-, SO 5 PO,
CH,COO~ [15, 16]). TokazaHa CIIOCOOHOCTH Teapu-
Ha 06Pa30BbIBATH KOMILIEKCHI C IIIMPOKUM CIIEKTPOM
aMHUHOKUCJIOT, 0€TKOB, IENTH/I0B, GepMEHTOB, KaTU-
OHHBIX COeIMHEHUH, TPU STOM MOTYT MEHATHCA KaK
€ro coOCTBEHHbIE CBOICTBA, TAK ¥ CBOKCTBA BEIIECTB,
BCTYIIAIOIINX C HUM BO B3aummojercTue [17—21]. e-
IMapUH MOKET 00pPa30BBIBATH KOMILIEKCHI C (PU3HU-

INTRODUCTION

Heparin, which is used in clinical practice as
the first-line anticoagulant, has a number of prop-
erties that go beyond the anti-coagulant system [1].
In addition to anticoagulant activity, heparin has
cytostatic [2], bacteriostatic [3], antilipemic [4],
radioprotective [5] effects; its antiallergic [6] and
hypotensive [7] action has been identified. Com-
paratively recently, the ability of heparin to bind
and inactivate natural toxins that are a part of bee
venom and some snake venoms [8], as well as inter-
act with some pharmacological substances [9, 10],
was shown.

The effects of heparin are due to various mech-
anisms. In particular, it was shown that many of
these effects are associated with the ability to mod-
ulate the level of calcium ions (Ca**) [11]. The pro-
cess of the intracellular Ca2* level increase is due to
the fact that, because of the activation of phospholi-
pase C, the hydrolysis of phosphoinositides occurs,
as a result inositol-1,4,5-triphosphate (Ins3P) is
formed which mobilizes the release of intracellular
Ca®* [12, 13]. Many effects of Ca** are mediated by
the protein calmodulin the level of which can in-
crease cAMP, which leads to an even greater release
of Ca** from intracellular reservoirs [11]. Heparin
has a pronounced hyperpolarizing effect and can
change the membranes’ charge, thus modulating
the action of calcium channels and regulating the
level of free calcium ions which are one of the most
important inducers of intracellular Ca**release [14].

In addition, it was revealed that heparin could
form complexes with various compounds. Heparin
is capable of complexing with positively charged
metal ions, as well as cations, including organic
ones: K+, Na *, Ca>*, Baz*, Cu>*, CI-, SO, PO,
CHgCOO‘ [15, 16]. The ability of heparin to form
complexes with a wide range of amino acids, pro-
teins, peptides, enzymes, and cationic compounds
has been proven, while both its own properties and
the properties of substances interacting with it can
change [17—21]. Heparin can form complexes with
physiologically active peptides. The interaction of
heparin with peptides can significantly affect vari-
ous parts of the regulatory system. It was found
that heparin influences the manifestation of some
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OJIOTMYECKH aKTHUBHBIMHU IenTHaaMu. Bzammozeii-
CTBUE rellapUHa C [IENTH/IAMU MOJKET CYIIIeCTBEHHBIM
00pa3oM OTpaKaThCs HA PA3JIMYHBIX 3BEHBSIX CHCTE-
MBI PEryJsiluu. YCTAaHOBJIEHO, YTO TeIapuH in Vivo
BJIUSET HA NPOSBJIEHHE HEKOTOPHIX dDQEKTOB psAsia
PEryJIATOPHBIX MENTUAOB: aIPEHOKOPTUKOTPOITHOTO
ropmoHa [22], Tuposubepuna [23], TIOTEMHU3UPYIO-
IIIEr0 TOPMOHA, OITUOW/IHBIX MENTHJIOB [24], Gpasu-
KWHWHA, MHCY/IUHA [25].

[Ipu sTOM B HAYIHOU JIUTEpPATYpE KpaiiHe Majo
nHpopManuu 00 aHTUHOLMIIEIITUBHOM JeHCTBUU
renapuHa. KocBeHHbIE TaHHBIE MO3BOJIIOT TOJIBKO
[IPEATIOIIAaraTh HAJTMINE STUX CBOHCTB.

IIEJIb UCCJIETOBAHUHA

W3ydenue BIUAHUA rellapyHa IIpU COYETAHHOM
IIpUMEHEHUU C ONHOUJHBIM aroHUCTOM (eHTaHHU-
JIOM Ha MIO-PelelITOPhI Ha CIIMHAJIBHOM U CyIIpacIu-
HQJIbHOM YPOBHSIX.

MATEPHUAJIBI 1 METO/ABbI

WccnemoBanue mpOBOAWJIOCH Ha 112 HEIU-
HEWHBIX J1aOOPAaTOPHBIX KpbICAX-CAMIAX MAaCCOH
200 + 10 T, COZIepKaIuXCsl Ha 0OIEeM palroHe BU-
Bapus. CojiepKaHue W OINEePaTHUBHBIE BMeIIaTE b~
CTBA OCYIIECTBJISUTM B COOTBETCTBHH C HOPMAaTHBa-
mu, npexacraBiaeHHbiMu B Guide for Care and Use
of Laboratory Animals, u TpeboBaHUAMYU TpPHUKa3a
MunucreperBa 3apaBooxpaHeHus P® or 1 ampesnsa
2016 1. N2 199H «O6 yTBep:KaeHuu [IpaBui HajIe-
JKarel J1abopaTOpHOU TPAKTUKHI».

B pabore wucciaenoBaiu CaeAyIONIHE IIperna-
paTthl: 1) BBICOKOMOJIEKYJISIPHBIM TemapwH, IPOU3-
BosictBa ®I'YII «MOCKOBCKUU DHIAOKPUHHBIA 3a-
BOZ», cozepKamuii B 1 MJI pactBopa 5000 ME
(1 ME = 0.0077 mr); 2) dbeHTaHWI, IIPOU3BOCTBA
OTYII « MOCKOBCKHY 3H/IOKPUHHBIN 3aBOJT», COZIEP-
JKaAITUUA B 1 MJI PacTBOpa 0.05 MT CyXOTO BEIECTBA,
SABJIAIONIUNACA aroHHUCTOM MIO-PeNenTopoB [26];
3) mporamuHa cyabdar, mpouspoacTa OIYII «Mo-
CKOBCKUH 3H/TOKPUHHBIHN 3aBOJI» , COZIEPIKALIIH B 1 MJI
pacTBopa 10 MT CyXOT'0 BEIIIECTBA, IBJISAIOIIErocs 6J10-
KaTOPOM rerapuHa [27]; 4) HaJIOKCOH, TPOU3BO/ICTBA
dapmarneprryeckoro 3aBozaa «Ilossda» (ITosbimna),
0.4 MT/MJI, SIBJISIIONIAMCS AHTATOHKUCTOM OITHOW/I-
HBIX pernieniTopoB [28]. Mceenyembie BelecTBa BBO-
JIUTA BHYTPUOPIOIIMHHO B 00bEME 1 MJI B OIpe-
JIEJIEHHOW II0C/IeI0BATENbHOCTH, IIPEAYCMOTPEH-
HOU YCJIOBUSIMU OIIbITA. BpeMsi Mesk/1y BBeIeHUSIMH
OBLIIO IOCTOSIHHBIM U COCTABJISJIO 10 MUH.

B kauecTBe 00bEKTA HUCCIIEIOBAHUS BIIUSHUSA I'e-
IMapyHa Ha YyBCTBUTEILHOCTD OITMOU/IHBIX PEIIENTO-
POB HCIIOJIb30BajIach SHJIOTEHHAs HOIUIIENTHBHAS
cucremMa. HorumenTuBHbIE PEAKIIMHN OIIEHUBAIU I10

effects of a number of regulatory peptides in vivo:
adrenocorticotropic hormone [22], thyroliberin
[23], luteinizing hormone, opioid peptides [24],
bradykinin, insulin [25].

At the same time, there is very little informa-
tion on the antinociceptive effect of heparin in the
scientific literature. Indirect data allow us only to
assume the presence of these properties.

AIM OF THE RESEARCH

To study the effect of heparin in combination
with the opioid agonist fentanyl on mu-receptors at
the spinal and supraspinal levels.

MATERIALS AND METHODS

The study was carried out on 112 outbred labo-
ratory male rats weighing 200 + 10 g, kept on the
standard diet of the vivarium. Animal management
and surgical interventions were carried out in ac-
cordance with the Guide for the Care and Use of
Laboratory Animals, and the order of the Ministry
of Health of the Russian Federation of April 1, 2016
No. 199n “On the approval of the Rules of good lab-
oratory practice.”

The following drug preparations were studied
in the experiment: 1) high molecular weight heparin,
produced by the Moscow Endocrine Plant, contain-
ing 5000 IU in 1 ml of solution (1 IU = 0.0077 mg);
2) fentanyl, produced by the Moscow Endocrine
Plant, containing 0.05 mg of dry matter in 1 ml of
solution, which is an agonist of mu-receptors [26];
3) protamine sulfate, produced by the Moscow En-
docrine Plant, containing 10 mg of dry matter in 1
ml of solution, which is a heparin blocker [27]; 4)
naloxone, produced by the Polfa S.A. (Poland), 0.4
mg/ml, which is an antagonist of opioid receptors
[28]. The studied substances were injected intra-
peritoneally in a volume of 1 ml in a certain se-
quence, provided for by the conditions of the exper-
iment. The time between injections was constant
and amounted to 10 min.

The endogenous nociceptive system was used
as an object of study of the effect of heparin on the
sensitivity of opioid receptors. Nociceptive reac-
tions were assessed by 2 standard tests, which allow
to partly estimate the nature of the effect of sub-
stances mainly at the spinal (tail flick test (test 1))
and supraspinal (hot plate test (test II)) levels [29].
The experiments were carried out on animals that
underwent baseline testing, the initial nociceptive
thresholds (baseline data) of which did not exceed
8 sintest I and 15 s in test II.
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2 CTaHJIAPTHBIM TECTaM, IO3BOJISIONINM JIO OIIpezie-
JIEHHOH CTelleHU CY/IUTh O XapakTepe BJIUSAHUSA Be-
IECTB MIPEUMYIIIECTBEHHO Ha CIIUHAJILHOM (TeCT OT-
Bezenus xBocra — tail flick (tecr I)) u cympacmu-
HaJIBHOM (TecT «ropsiuell ItacTuHbl» — hot plate
(tecr II)) ypoBHSX [29]. ONBITHI TPOBOAVIN HA KU-
BOTHBIX, IIPOIIEAIITNX (POHOBOE TECTHPOBAHIUE, UCXO-
JTHbIe HOLIMIIENITUBHBIE 1TOporu (POH) KOTOPHIX B Te-
cre I He npeBbIianu 8 ¢, B Tecte II — 15 c.

Tect I ocHOBaH Ha pedIEKTOPHON peaKIuy OTBe-
JIeHUsI XBOCTA B OTBET HA HaHeceHue 60JIEBOTO CTUMY-
J1a B 00J1aCTh BEPXHEH TPETHU XBOCTA. Y CTAHOBKA ITPE/I-
craBisieT cobou cienmytomiee. BHyTph crenuaabHOTO
dyrspa (37 x 20 x 10 cM) ITOMEIAICA UCTOYHHK Te-
IUTOBOTO M3JIyYeHUs (KMHOIPOEKIIMOHHAS JIAMIIA CO
BCTPOEHHBIM OTpakartesieM tumna K21-150). Ilutanue
OCYIIIECTBJIAJIOCHh OT MCTOYHHUKA IIOCTOSHHOTO TOKA C
HaTIpsDKeHuEM 4.5 B mipu Toke B 2.7 A. BerpoeHHbIH
OTpaKaTeJIb JIAMITBI [TO3BOJISIET HOJIYIUTHh CHOKYCHU-
POBaHHBIHN CBETOBOH MOTOK, IAMETP CBETOBOTO IIAT-
Ha cocrapysgeT 6 MM. TemmnepaTtypa B doKyce Iyd-
Ka yCTaHABJIMBAIACh HA 3HAYEHUAX, BBI3BIBAIOIIIX
Yy KOHTPOJIBbHBIX KUBOTHBIX YETKYIO aBEPCUBHYIO pe-
aKI[UI0 OTBEIEHUs XBOCTA C JIATEHTHBIM IIEPUOJOM
5—8 c. DoKyC CBETOBOI'O IISITHA COBIA/IAJI C OTBEPCTHU-
eM Ha noBepxHocTH (yrisapa. YKuBoTHOe (Kpbica)
BPYUYHYI0 (DHUKCHPOBAJIOCh HA OMNEPAIMOHHOM II0JIe
dytiIsapa 1 HA KapeTKe IMOABOAIIIOCH K 00JIacTH cBe-
TOBOTO IATHA. JIaTeHTHBIHN IIepUo/ peaKIuy OTBesie-
Hust xsocra (JIIT POX) oreHuBasICs IO CEKYHIOMEpY.

[Ipu oLleHKEe HOIMUIENTUBHOU PEAKINH HA CY-
[IpacIMHAJIBHOM YPOBHe HcHojb3oBaics TecT II
JKuBoTHOE TIOMeIayii Ha IUIACTUHY, HarpeTyio 70
57—58 °C, TeMnepaTypa II0BEPXHOCTH ILJIACTUHBI pe-
ryJimpoBasachk TepmoctatoM. Ilo cekyHomepy 3ace-
KaJIoCh BpeMs OT MOMEHTA IOMeEIeHUs KUBOTHO-
T'O Ha IUIACTUHY JI0 MOMEHTA IEPBOTO 00JIN3bIBAHUSA
Jan (3aJ{HUX), YTO U COCTABJIAJIO JIATEHTHBIH IEepH-
on1 peakiuu obsu3bIBanusA Jyanok (JIIT POJI). Mak-
CUMAaJIbHOE BpPeMs HAXOXKJEHUs KIBOTHOTO Ha IIJIa-
CTUHE — 25 ¢. AHaJIbreTHYecKui 3 QeKT orieHuBa-
cA B IIPOIEHTaxX OT 3HAYEHUU KOHTPOJIbHOU I'PYIIIHI,
IIPUHUMAEMOH 3a 100 %.

BzaumoyielicTBue remapuHa ¢ HCCI€LyeMbIMU
BEI[eCTBAMU N Vitro u3ydaau GHOTOKOJIOPUMETPHU-
YeCKHUM METO/IOM, a TAKXKe 110 H3MEHEHUIO CIIEKTPOB
IIOTJIONIEHUS JJAHHBIX BEIeCTB U UX cMecell B Y-
obsactu. KosiopumeTpupoBaHUe OCYIECTBIISUTA Ha
¢otoanexrpokosopumerpe KOK-3 ¢ ncrnosipb3oBaHu-
eM cHHero cBeTodmwibTpa (400 HM).

H3mepeHnsa CcHOeKTpoB MHoOIJomeHuss B Y®-
o0J1acT! TIPOBOAWIM HA YCTAHOBKE, (DYHKI[MOHAIIb-
HO UIEHTUYHOU OHOJIy4eBOMY CIIEKTPO(OTOMETpY.
YcraHoBka BKIIOUaIa B cebs1 UCTOUHUK cBeTa (BOMO-

Test I is based on the tail withdrawal in re-
sponse to a pain stimulus to the upper third of the
tail. Test facility is as follows. A source of thermal
radiation (a cinema projection lamp with a built-in
reflector, type K21-150) was placed inside a special
case (37 x 20 x 10 cm). Power was supplied from
a direct current source with a voltage of 4.5 V and
amperage of 2.7 A. The built-in lamp reflector gives
a focused luminous flux with the diameter of the
light spot being 6 mm. The temperature at the focus
of the beam was set at the values causing a distinct
aversive tail flick reaction in control animals with a
latency of 5—8 s. The focus of the light spot coincid-
ed with the hole on the surface of the case. The ani-
mal (rat) was manually fixed on the operating field
of the case and was brought to the area of the light
spot on the carriage. The tail flick latency (TFL) was
estimated using a stopwatch timer.

Test II was used to assess the nociceptive re-
sponse at the supraspinal level. The animal was
placed on a plate heated to 57—-58°C; the plate
surface temperature was controlled by a thermo-
stat. The stopwatch timer was used to record the
time from the moment the animal was placed on
the plate until the moment of the first paw licking
(hind legs), which constituted the paw licking la-
tency (PLL). The maximum time an animal was on
the plate reached 25 s. The analgesic effect was as-
sessed as a percentage of the values of the control
group, taken as 100%.

The interaction of heparin with the test sub-
stances in vitro was studied by the photocolorimet-
ric method, as well as by changes in the absorption
spectra of these substances and their mixtures in
the ultraviolet. Colorimetry was carried out on a
KFK-3 photoelectric colorimeter using a blue light
filter (400 nm).

Measurements of absorption spectra in the
UV were carried out on an apparatus functionally
identical to a single-beam spectrophotometer. The
apparatus included a light source (hydrogen lamp
or incandescent lamp), a MDR-12 monochromator
with a stepping motor, a synchronous detector, a
light-receiving chamber in which quartz cuvettes
with solutions were located, and a photomultiplier
connected to a computer for automatic data record-
ing. The test substances were diluted in phosphate
buffer (pH 7.2) or in distilled water, the extinction
of solutions was measured with reference to sol-
vents.

The significance of differences between groups
was assessed directly by the variant values using
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POZHAS JIaMIIA FUIH JIaMIIa HAKAJIUBAHUA), MOHOXPO-
Marop M/IP-12 ¢ m1aroBeIM ABUTATEIEM, CAHXPOHHBINA
JIETEKTOP, CBETOIIPUEMHYIO KaMepy, B KOTOPO pa3mMe-
IIAJIFCh KBapIEBbIe KIOBETHI C PACTBOpPaMU, U HOTO-
YMHOXKUTEJIb, IOIKTIOUeHHBIN K KOMIIBIOTEPY JI7IA aB-
TOMATHUYECKOU perucTpaluu JIaHHbIX. Vccsienyemblie
BelrecTBa pa3Boawin B pocdharHom 6ydepe (pH 7.2)
WU B JUCTWIUINPOBAHHON BOZle, SKCTUHKIUIO pac-
TBOPOB U3MEPSIIN OTHOCUTEILHO PACTBOPUTEJIEN.

JlOCTOBEPHOCTh DA3NIUYNM MEXKIy TIPYIIIaMu
OIIeHNBAJIaCh HEIIOCPE/ICTBEHHO 110 3HAYEHUAM Ba-
pHUAHT C UCHOJIB30BAHHUEM HeIllapaMeTPUYECKOTO
KpUTepus YWIKOKCOHA — MaHHa — YUTHHU JId He-
3aBUCHUMBIX COBOKYITHOCTeH. /111 MHOKeCTBEHHBIX
CpaBHEHUU mpuMeHsTH Kputepuil [lanHa [30]. Bee
9KCIIEpUMEHTaIbHbIE PAOOTHI MMPOBOAUIINCH C yUe-
TOM 3TUYECKHX HOPDM OOpaIlleHHs C KUBOTHBIMU U
otBeuasii TpeboBanusaM OOGIecTBa 3alIUTHI XKUBOT-
HBIX [31, 32].

PE3YJIBTATBI 1 OBCYXKAEHUNE

YcTaHOB/IEHO, UTO BHYTPUOPIONIMHHOE BBEJIE-
Hue (GeHTaHWIA B 03e 0.1 MI/KT JIOCTOBEPHO yBe-
JIMYUBAET JIJTUTEIbHOCTD JIATEHTHBIX epuozoB (JIIT)
00JIEBBIX PeaKINi HA CIIMHAJIBHOM YPOBHE, 0COOEH-
HO B TeUeHUe IEPBBIX 40 MUH OT MOMEHTA BBeJIEHUH,
pu 3toM JIIT POX mpeBbIllIaeT KOHTPOJIbHBIE BEJIH-
YUHBI B 2—3 pasa. 3aTeM CJIeAyeT CHIDKEHUE aHTHU-
HOIUIIENTUBHOU peaknuu, 1 K 120-u muH JIIT POX
BO3BpaIiaeTcsa K KOHTPOJIbHBIM BestnunHaMm. [Ipu pe-
ructpanuu 60J1eBOM peaklyy Ha CyIpacnruHaIbHOM
ypoBHe MakcuMasbHOe yBesauuenue JIIT POJI peru-
cTpupyeTcs Ha 150—180-1 MUH OT MOMEHTA UHBEK-
muu (tabu. 1).

IIpu mpenBapuUTEsILHOM BBEJEHUM rellapuHa B
Jlo3ax 50, 500 u 5000 ME/Kr ¢ moceayomei nHbeK-
1uel peHTaHmIa B 103€ 0.1 MT/KT B IIEPBbIE 40 MUH
Habsoaerest ypesmdenue JIII POX B 3—5 pas or-
HOCHUTEJIbHO KOHTPOJIS U B 1.5 pa3a OTHOCHUTEJIFHO
BBe/leHUsA TOJbKO (deHTaHmwIa. Ciemayer OTMETHUTH,
YTO IMOBBIMIIEHUE MOpOTa 0O0JIEBON UYBCTBUTEIHHO-
CTH MMeeT IIPOJOJDKUTEIFHBIN XapaKTep U €ro CHU-
JKeHUe puKcupyercs Ha 150—180-1 MUH OT MOMEHTA
uabeknuu (cm. Tabi. 1).

Heckonpko wmHasA KapTuHA HAOIIONAeTcs IIpU
OIleHKE AHTUHOIMIIENITUBHON peakIUy Ha Cymnpa-
CIHMHAJIBHOM ypoBHe. IIpu Tex ke yCJIOBHUAX OIIBI-
Ta, OpU KOTOpbIX perucrpupoBaiu JIII POX, ma-
TeHTHBIN epros POJI npu feficTBum dpeHTaHMIIA HA
(one Bo3pacTammuX /103 TelapuHa JIOCTUraeT MaK-
CUMaJIbHBIX 3HAYeHUH K 150—180-1 MHH OT MOMEH-
Ta UHbEKIUH, B To BpeM: kak JIII POX B atot Bpe-
MEHHOH IepUoJ] CHIKAETCS /10 KOHTPOJIbHBIX BEJIU-
yuH (cM. TabII. 1).

the Wilcoxon-Mann-Whitney nonparametric test
for independent populations. Dunn’s test was used
for multiple comparisons [30]. All experimental
work was carried out taking into account the ethi-
cal standards of treatment of animals and met the
requirements of the Society for the Protection of
Animals [31, 32].

RESULTS AND DISCUSSION

It was found that intraperitoneal administra-
tion of fentanyl at a dose of 0.1 mg/kg significantly
increases the duration of latencies (L) of pain reac-
tions at the spinal level, especially during the first
40 min from the moment of administration, while
TFL exceeds the control values by 2—3 times. This
is followed by a decrease in the antinociceptive re-
sponse, and TFL returns to the control values by
the 120™ min. When registering a pain reaction at
the supraspinal level, the maximum increase of the
PLLis recorded at 150—180" min from the moment
of injection (Table 1).

With pre-administration of heparin at doses of
50, 500, and 5000 IU/kg followed by the injection of
fentanyl at a dose of 0.1 mg/kg in the first 40 min,
an increase of TFL is observed by 3—5 times relative
to the control, and 1.5 times relative to the adminis-
tration of fentanyl alone. It should be noted that the
increase in the pain threshold has a long-term char-
acter, and its decrease is recorded at 150-180"™ min
from the moment of injection (see Table 1).

A somewhat different picture is observed when
assessing the antinociceptive response at the su-
praspinal level. Under the same experimental con-
ditions as with the TFL recording, the latency of
PL reflex under the action of fentanyl together with
the increasing doses of pre-administered heparin,
reaches its maximum values by 150—180" min from
the moment of injection, while the TFL at this time
period decreases to the control values (see Table 1).

The antinociceptive effect of fentanyl is re-
duced at both spinal and supraspinal levels by
pre-administration of the opioid receptor blocker
naloxone. At the spinal level, the TFL consistently
decreases with time elapsed from the moment of
administration, and by the 180" min it approaches
the sub-control values. At the supraspinal level, the
opposite picture is observed: the PLL increases by
the end of the observation, amounting to 187.1% by
the 150™ min, which is significantly higher than the
control values, the PLL values with the injection of
fentanyl and TFL in the naloxone — fentanyl se-
ries. The administration of the test substances ac-
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Ta6uuma 1. Mozy/sanus renapuHoOM | HaJIOKCOHOM (1 MT'/KT) aHTHHOIIUIENITUBHOTO JielicTBUsA peHTaHmsa (0.1 Mr/Kr)

Ha CIUHAJIBHOM U CyIIpaClIMHaJIbHOM YPOBHAX, %

Table 1. Modulation by heparin and naloxone (1 mg/kg) of the antinociceptive action of fentanyl (0.1 mg/kg) at the spinal

and supraspinal levels, %

Bpems# nocie BBe/IeHU A BEIIECTB, MUH

VesoBus onbita / Experimental conditions

Time after administration of substances, min

20 40 60 90 120 150 180
KouTtpouib (busuos. p-p) / Control (saline) 100 100 100 100 100 100 100
®enrtanun / Fentanyl:
JITT POX / TFL 304.6*°  247.2% 119.1 155.3% 108.1 94.9 98.4
JIIT POJI / PLL 118.2° 155.6*  118.5 110.4°  77.7% 162.2%  166.7*°
Tenapus (50 ME/kr) — deHTaHIT:
Heparin (50 IU/kg) — fentanyl:
JITT POX / TFL 300.3% 286.2** 160.8% 168.1* 232.5%* 116.3 08.8
JITI POJI / PLL 158.4° 168.8* 122.3 119.4° 84.9° 158.8% 174.7*°
Tenapus (500 ME/kr) — dbeHTaHUI:
Heparin (500 1U/kg) — fentanyl:
JITTI POX / TFL 496.1**  478.5%* 275.2%* 244.3™ 158.6* 106.4 96.8
JITI POJI / PLL 208.7*** 101.5** 192.1%*° 115.6° 73.2*  160.7** 164.9*
Tenapun (5000 ME/kr) — dbeHTaHMI:
Heparin (5000 IU/kg) — fentanyl:
JITT POX / TFL 420.4%*  412.3"*  225.8% 2738 408.6** 210** 88.7
JIIT POJI / PLL 171.7%*  218.9%** 138.8* 131.1*° 109.5° 2425" 220.9%*°
Hasokcon — denranua / Naloxone — fentanyl:
JITT POX / TFL 121.6"*  158.1**  146.3** 82.3* 134.2** 102.6 715
JIIT POJI / PLL 97.4° 95.5*« 110.6° 131.5° 118.2*  1871%*° 140.0%**
HaJsokcon — renapu — eHTaHUI:
Naloxone — heparin — fentanyl:
JITT POX / TFL 119.3* 148.1**  157.1%*  1487% 145.9** 1400 109.9
JITI POJI / PLL 102.6* 103.4*° 114.1° 123.3* 65.5%  150.0% 153.3%*
IIporamuHa cynbdar (10 Mr/Kr) — GeHTaHIT:
Protamine sulfate (10 mg/kg) — fentanyl :
JITT POX / TFL 108.5* 110.2* 118.9 112.0* 101.1 74.6%*  89.3%
JITI POJI / PLL 102.2 103.2* 112.4 117.3 64.8*° 1351 130.2%*°

* Pagnuuust CTATHCTUIECKH 3HAYNMBI TI0 CPABHEHUIO C KOHTPOJIEM (p < 0.05).
The differences are statistically significant compared to the control (p < 0.05).

* PassiMusi CTATUCTUIECKY 3HAYMUMBI 10 CPABHEHUIO C ceprell « PeHTaHw (P < 0.05).
The differences are statistically significant compared to the fentanyl series (p < 0.05).

* Paszsmumsa crarucruyecku 3Ha9nMBbI Mesxay JIIT POX u JIIT POJI.

The differences are statistically significant between the TFL and the PLL.

AHTHHOIMIENTUBHBIH 3¢ dexT deHTaHMIA
CHIDKaeTcsl Ha (OHE IPeBAPUTENIBHOTO BBEIEHUS
6JI0KaTOpa OMMOU/IHBIX PEIENITOPOB HAJTOKCOHA KaK
Ha COMHAJIBHOM, TaK U Ha CyNPACHUHAIBLHOM YPOB-
Hax. Ha cnunanmsaom ypoBHe JIII POX mocnemoa-
TEJIbHO CHIKAeTCA C TeYeHHEM BpeMeHH, IIPOIIes-
IIIETO OT MOMEHTA BBeJIeHU s, ¥ K 180-11 MUH Ipu0OIIH-
’KaeTcs K CyOKOHTPOJIbHBIM BestmumHaM. Ha cympa-
CIIMHAJIBHOM YpPOBHe HabsiofiaeTcsi oOpaTHasA Kap-
tuHa: JIIT POJI Bo3pacTraeT K KOHIy HaOJIIOAEHUS,
cocTaBiisisi K 150- MuH 187.1 %, YTO JOCTOBEPHO
BBIIIIe KOHTPOJIBHBIX BeJM4uH, 3HaueHuut JIIT POJI
nipu BBeZileHuu denranuia u JIIT POX B cepuu «Ha-
JIOKCOH — (peHTaHWI». BBeseHME HccielyeMbIX Be-
mecTB 1o cxeMe «HasokcoH — remapud — ¢eHTa-
HUJI» B OIIPEJIEJIEHHON CTENIeHN HUBEJIMPOBAJIO aH-
TaroHUCTHUYECKOe JIeHiCTBUe HAJIOKCOHA HAa OIUOU/-

cording to the naloxone — heparin — fentanyl se-
ries neutralized the antagonistic effect of naloxone
on opioid receptors to a certain extent, however,
neither TFL, nor PLL reached the values obtained
with the injection of fentanyl alone (see Table 1).

In the series of experiments with registration
of the antinociceptive effect of fentanyl at the spinal
and supraspinal levels, the role of endogenous hep-
arin in the realization of the mu-opioid receptors
agonist action is especially pronounced. Thus, the
blockade of endogenous heparin with protamine
sulfate at a dose of 10 mg/kg is accompanied by a
sharp decrease in TFL and PLL, which indicates the
undoubted role of endogenous heparin in the im-
plementation of the antinociceptive phenomenon of
fentanyl.
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Hble penenTopsl, ogHako HU JIIT POX, Hu JIIT POJI
He JIOCTUTa/IN 3HAYeHUH, [TOJydeHHBIX IPU UHBEK-
MU TOJIBKO heHTaHmIa (cM. TabII. 1).

B cepum KCIIEPIMEHTOB € PETUCTPALNEH aHTH-
HOITUIIEIITUBHOTO /IeiicTBHA (DeHTaHIIa Ha CIIMHATIb-
HOM W CYHPACIIMHAIBHOM YPOBHSIX OCOOEHHO SIPKO
IIPOSIBJISIETCS POJIb SHJIOTEHHOTO rellapruHa B peasu-
3anuu 3(pdeKToB aroHUCTa MIO-OIMHOUIHBIX pelfel-
TopoB. Tak, 610Ka/1a 9HIOTEHHOTO remapuHa MpoTa-
MUHA CyIbGATOM B 7I03€ 10 MI/KI COIIPOBOMKIAETCS
pe3kum camkernuem JIIT POX u JITI POJI, uto cBuze-
TeJIbCTBYET O HECOMHEHHOU POJIU HHOTEHHOT'O rela-
PYHA B peIH3aIui aHTHHOIUIIENTHBHOTO (peHOMe-
Ha ¢peHTaHUIA.

Takum 00pa3om, remapuH B J103aX 50, 500 U
5000 ME/Kr mnoTeHIUpYyeT aHTUHOIUIIENITHBHOE
JleticTBue (eHTaHWIA Ha CHUHAJIBHOM U CYIPACIIU-
HAJIBHOM YPOBHE, a IPOTaMUHA CYJIb(aT, OIOKUPYS
SHJIOTEHHBIN TelapuH, CHUKAET IMPOTHUBOOOJIEBOM
5¢ddeKT aroHucTa ONMOUJHBIX penenTopoB. Cxon-
HBIH ¢ IpoTaMuHa cyabdaToMm 3(pdeKT perucTpupy-
€TCsI U IIPU IIPEJIBAPUTEIHOM BBEZIEHUY HAJIOKCOHA,
OJTHAKO B /IAHHOM CJIydJae IIPOUCXOIUT OJIOKA/A OIH-
OUJIHBIX PELIENTOPOB I10 IIyTH JINTAH/I-PELIEITOPHOTO
B3aMMO/IEHCTBUS.

J1711 BBIACHEHUS BO3MOKHOTO B3aMMOJIEHCTBUA
rernapuHa ¢ GeHTaHWIOM in vivo ObLIa N3MeHeHa I0-
CJIeZIOBATEIHOCTD BBEZIEHUH MCCIIETyEMbIX BEII[ECTB.
Ecin B penpiztyteli cepuu ¢peHTaHUT BBOAMWICA HA
¢oHe AelicTBUSA TemapuHa, TO B CJEAYIONEd CEPUUN
relapuH UHBEINPOBAJICSA B BUZE CMeECH, IIPUTOTOB-
JIEHHOH In vitro mpu WHKyOAIlUU B TeUeHHe 30 MUH
npu Temreparype 37 °C B COOTHOIIEHUAX TellapuH-
denTaHWI 5 : 1, 50 : 1 ¥ 500 : 1 (Tabs. 2). B kauecTBe
KOHTpOJIA Oblyla BhIOpaHA KOHIIEHTpAIWMA TelapH-
Ha 500 ME/kr, Ipu BBeZIeHUU KOTOPOI PETUCTPUPO-

Thus, heparin at doses of 50, 500, and 5000
IU/kg potentiates the antinociceptive effect of
fentanyl at the spinal and supraspinal levels, and
protamine sulfate, blocking endogenous heparin,
reduces the analgesic effect of an opioid receptor
agonist. An effect similar to protamine sulfate is
also recorded with the pre-administration of nalox-
one, but in this case, the blockade of opioid recep-
tors occurs via the ligand-receptor interaction.

To elucidate the possible interaction of hepa-
rin with fentanyl in vivo, the sequence of the test
substances administration was changed. If in the
previous series fentanyl was administered in pres-
ence of the heparin action, then in the next series
heparin was injected in the form of a mixture pre-
pared in vitro during 30 min incubation at 37°C
at the heparin-fentanyl ratios of 5 : 1, 50 : 1, and
500 : 1 (Table 2). As a control, the concentration of
heparin of 500 1U/kg was chosen, the introduction
of which showed the effects of maximum severity in
the previous heparin (500 IU/kg) — fentanyl series
(see Table 1).

It should be noted that heparin at a dose of 500
1U/kg also has an antinociceptive effect at the spi-
nal level. The latency of tail flick reaction signifi-
cantly differs from the control when registered at
40", 60" and 120" min from the moment of injec-
tion (see Table 2).

Comparative characteristics of the two meth-
ods of administration of the studied compounds
showed that in both cases the heparin potentia-
tion of the antinociceptive action of fentanyl takes
place. It is known from the literature [13] that when
heparin interacts with bioactive substances, their

TaGauma 2. Moy isius TelmapyuHOM aHTUHOIUIIENITHBHOTO JieicTBusa ¢denTanwia (0.1 Mr/kr) Ha cnuHasbHOM (JITT

POX) ypoBHe, %

Table 2. Heparin modulation of the antinociceptive action of fentanyl (0.1 mg/kg) at the spinal (TFL) level, %

Bpewms mocsie BBe/IeHUS BEIIECTB, MUH

Vesoeust ombita / Experimental conditions

Time after administration of substances, min

20 40 60 90 120 150 180
KouTpous (pusuos. p-p) / Control (saline) 100 100 100 100 100 100 100
Tenapus (500 ME/kr) / Heparin (500 IU/kg) 94.2 125.2*  173.3* 88.4 169.2* 1017 86.9
®enrtanun (0.1 mr/kr) | Fentanyl (0.1 mg/kg) 208.1* 230.8%* 110.0 145.2*  101.8 90.9 98.4
Tenapus + pentanwn / Heparin + fentanyl (5 : 1) 269.8*% 275.7%*  257.8%* 251.3** 171.0** 105.5 96.7
Tenmapun + pentanunsa / Heparin + fentanyl (50 : 1) 480.0%* 485.4** 300"  269.2** 371.8** 161.4** 06.7
Tenmapun + penranwn / Heparin + fentanyl (500:1)  406.8** 407.7** 355.5** 215.4** 405.1** 200** 88.7

* Pazinuns CTAaTHCTUYECKH 3HAUNMBI [10 CPDABHEHUIO ¢ KOHTPOJIEM (p < 0.05).
The differences are statistically significant compared to the control (p < 0.05).

* Pas/inuus CTATUCTUYECKU 3HAYUMBI 10 CPABHEHUIO ¢ cepueit «Pentanui» (p < 0.05).
The differences are statistically significant compared to the Fentanyl series (p < 0.05).
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Bajlach MaKCUMaJIbHasA BBIPAXKEHHOCTb 3P (eKTOB B
npenpiayineii cepuu «lemapus (500 ME/kr) — deH-
TaHwI» (cM. TabJI. 1).

Crnenyer OTMETUTDH, YTO TelapwH B 03¢ 500
ME/kr Takke obs1asaeT aHTUHONUIIENITUBHBIM ek~
CTBHEM Ha CIIMHAJIHHOM YpOBHE. JIaTEeHTHBIN MEepHU-
OJ1 PEaKIINU OTBEJIEHUS XBOCTA JIOCTOBEPHO OTJIMYa-
eTcs OT KOHTPOJISA IIPU PErUCTpaIlue Ha 40-1, 60-1 1
120-¥ MUH OT MOMeHTA BBeieHus (cM. TadiI. 2).

CpaBHUTEIbHAsA XapaKTEPUCTHKA JIBYX CIIOCO-
0OB BBe/IEHUsI UCCIIEAYEMBIX BEIECTB IIOKa3aja, YTo
U B TOM U B IDYyTOM CJIydae UMeeT MECTO ITOTEHITUPO-
BaHUE TENapUHOM AHTHUHOIUIIENITUBHOTO JIEUCTBUS
¢enTanmia. 13 aurepatypsl u3BecTHO [13], uTo mpu
B3aUMOJIEHICTBUM TeNapyHa ¢ OMOJIOTHYECKH aKTUB-
HBIMH BEINECTBAMU UX AKTUBHOCTb U3MEHSIETCSA B TY
WIH JIPYTYIO CTOpOHY. OMUpasch Ha OJTyYeHHbIE JaH-
HBIE 110 TIPEJBAPUTEILHOMY U OJJHOBDEMEHHOMY BBe-
JIEHUIO TelapyuHA, MOKHO IIPeJInosarath, 4YTo KOM-
IUIEKCO00Pa30BaHUA MKy GEHTAHWIOM U Telapu-
HOM He IPOUCXOJIUT. DTO IPEIIOJIOKEHNE TTOIKpe-
IUISIETCA  KOJIODUMETPUUECKHM M CIEKTPOdOTOME-
TPUUYECKUM HCCIIEZIOBAHUEM 1N Vitro cMecu relapyH-
¢eHTaHWIT B COOTHOIIIEHHH 5 : 1, 50 : 1 ¥ 500 : 1. ®o-
TO3JIEKTPOKOJIOPUMETPUUECKOE UCCIIEIOBAHIE CMECH
renapuH-(GEeHTaHIT He BBIABIUJIO UBMEHEHUH OIITHYe-
CKOM IUIOTHOCTH OTHOCUTEIHFHO KOHTPOJIS, B KAUECTBE
KOTOPOTO HCIOJIB30BAJICS PACTBOP TelaprHa B KOH-
LEHTPALUAX 50, 500 u 5000 ME/Kr. AHanu3 crek-
TPOB TOTJIONeHus B Y®-06s1acT 1MoKasas, uto ¢heH-
TAHWI B KOHIIEHTPAIUK 0.1 MT/MJI XapaKTepU3yeTcs
KPYTBHIM ITMKOM IIOTJIOIIEHUS B 00JIACTH 0.210 MKM
(puc. 1). AMIUIUTYZIa IMKA HE MEHSETCS IPU HCCIIe-
JIOBAHUM CMECH TelapuH-(QEHTAaHWI HE3aBUCHMO OT
KOHIIEHTPAIIMH HCII0JIb30BAaHHOTO rellapiHa ¥ UMEeEeT
OJTHOTUITHYIO KPUBYIO, KOTOpAs JIJIA HATJITHOCTH Ha
PHC. 1 IIPeJICTaBJIeHA IS CMECH TelapuH-(peHTaHUT
(5 : 1). Onupasich Ha TpeABIAYINYE AAHHbIE, MOMKHO
IIPe/IoJIaraTh, YTo (heHTAHII He B3AUMOIEUCTBYET in
vitro ¢ renapuHOM (CM. puc. 1).

ATOHHUCT MIO-OIMOUHBIX PEIENnTOpPoB ¢eHTa-
HWI 00s1a1aeT SIPKO BBIPAXKEHHBIM AHTHUHOITUIIEI-
THUBHBIM JIEUCTBHEM HA CIIMHAJIBHOM W CYIIpacIu-
HAJILHOM YPOBHE, Ha UTO YKa3bIBAET CHUIKEHHE Be-
guunasl JIIT POX u JIII POJI npu npeaBapuTesb-
HOM BBEJIEHUM AHTArOHKCTA OIUOU/IHBIX PEIENTO-
POB — HaJIOKCOHA. AHAJbre3us, CBA3aHHAA C JeH-
CTBHEM aroHHCTOB, 00ycIOBIeHA (GOPMHPOBAHHEM
JIUTaH/-PEIENTOPHOTO KOMILIEKCA, B KOTOPOM B Ka-
YecTBe JIMTaH/la BBICTYIaeT (peHTaHmI [26].

lemmapun B mo3e 500 ME/kr Takxke o6Jsiajaer
MMPOTUBOOOJIEBBIM JIEUCTBUEM, OJTHAKO ATOT 3(PPEKT
3HAUUTEIHHO cyabee, ueM y ¢deHTaHusna. [Ipu tep-
MHYECKOM OOJIEBOM BO3JIEICTBHUU HAa 3KCIEPUMEH-

activity changes in one direction or another. Based
on the data for the pre- and simultaneous admin-
istration of heparin, it can be assumed that com-
plexing reaction between fentanyl and heparin does
not occur. This assumption is supported by colori-
metric and spectrophotometric studies in vitro of
the heparin-fentanyl mixture at the ratios of 5 : 1,
50 : 1, and 500 : 1. Photoelectrocolorimetric study
of a mixture of heparin-fentanyl did not reveal
changes in the optical density relative to the con-
trol, which was a solution heparin at concentrations
of 50, 500, and 5000 IU/kg. Analysis of the UV ab-
sorption spectra has shown that fentanyl at a con-
centration of 0.1 mg/ml is characterized by a steep
absorption peak in the range of 0.210 um (Fig. 1).
The peak amplitude does not change in the study
of the heparin-fentanyl mixture, regardless of the
heparin concentration used and has the same type
of curve, which for clarity is shown for a mixture of
heparin-fentanyl at the ratio 5 : 1 (see Fig. 1). Based
on previous data, it can be assumed that fentanyl
does not interact in vitro with heparin (see Fig. 1).

The mu-opioid receptor agonist fentanyl has a
pronounced antinociceptive effect at the spinal and
supraspinal levels, as indicated by a decrease in the
TFL and PLL values with the pre-administration of
the opioid receptor antagonist naloxone. Analgesia
associated with the action of agonists is due to the
formation of a ligand-receptor complex in which
fentanyl acts as a ligand [26].

Heparin at a dose of 500 IU/kg also has an an-
algesic effect, but this effect is much weaker than
that of fentanyl. On exposure to the thermal pain-
ful effects, when the nociceptive system of the ex-
perimental animals is activated, a stress response
to this type of irritation is formed [33]. One of the
components of the mechanism of the antistress
heparin action is its antinociceptive effect revealed
in our experiments [34].

The heparin relationships with mediator sys-
tems, including receptors, are of greater interest.
It turned out that heparin affects the desensitiza-
tion of opioid receptors, in an uncompetitive way
inhibits the binding of the 3H*-N-allyl normetazo-
cine opioids to sigma receptor in the microsomal
fraction of rat brain and liver membranes. Heparin
downregulates the phosphorylation of G-protein
coupled opioid receptors (GPCR), and, as a conse-
quence, reduces hyposensitization caused by the
specific opioid agonist etorphin and D-Ala2-D-
Leus-enkephalin (DADLE); blocks the release of
Ca?* [24, 35]; like inositol-1,4,5-trisphosphate in-
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Fig. 1. UV absorption spectra of fentanyl, heparin and their mixtures

TaJIbHBIX JKUBOTHBIX, KOT/Ia AaKTUBUPYETCS HOIUTIETI-
TUBHASI CHCTEMAa OpraHu3Ma, (popMHUpPYeTCs CcTpecc-
PeaKnus Ha TaHHBIUA BUJT pazapaskenus [33]. OqHum
13 KOMIIOHEHTOB MeXaHN3Ma aHTHUCTPECCOPHOTO 3~
(exra remapuHa sABIsIeTCA 0OHAPYKEHHOE B HATIIIX
SKCIEPUMEHTAX AaHTUHOITUIIENTUBHOE JIEHCTBUE 3TO-
ro mpermnapara [34].

Bosiplinéi WHTEpeC MPEACTABISIOT B3aHUMOOT-
HOITNIEHUS TeapuHa ¢ MEIUATOPHBIMU CHUCTEMAaMH,
B TOM YHCJIe U ¢ perentopamu. Okazaaoch, 4ToO Te-
TMapyH BJIUsET HA JIECEHCUTU3AIUIO OMMHOUTHBIX pe-
[IENITOPOB, TIOJIABJISIET HEKOHKYPEHTHBIM CITOCO-
O60M CBsI3BIBAaHHE C CHUTMa-PEleNnTOpOM OITHOUJIOB
3H*-N-a/utitHopMeTa3onHa B MHUKPOCOMAJTbHOU
¢pakuu Mosra u MeMOpaH IleueHH KpbIc. ['ema-
puH ymeHbInaer ¢GochopuIUpOBaHNE OIMHUOUTHBIX
pelienTopoB, coenuHeHHBIX ¢ G-6emkom (GPCR), u,
KaK CJe[CTBUE, CHMKAET THUIIOCEHCUOMIN3AIIHIO,
BBI3BAHHYIO CIeNU(UUECKUM OIHOUIHBIM aroHU-
cTOM 3TOPpPUHOM © D-A1a2-D-Leu5-3HKe<panHH0M
(DADLE); 6iokupyer Bbixoy Ca** [24, 35]; Kak u
WHTUOUTOP  WHOBUTOJ-1,4,5-Tpucdocdar, rema-
pUH TOPMO3UT pa3BUTHE MOPGUHOBOM TOJIEpaHT-
HOCTH. Pa3zBUTHE JeCeHCUTU3ANHH, T. €. YMEHbIIe-
HHe YYBCTBUTEJIBHOCTH (TUIOCEHCUTU3AINA) U CO-
KpallleHhe YHCJIa PEIEenTOpOB Ha KJIETOYHOH ITo-
BEPXHOCTH (MHTEPHAIM3AISA), BBIABJIEHO HE TOJIb-
KO JIJIs1 OTIMOUHBIX PENEeNnTOPOB, HO U JJIs APYTHX,
Takke nmpuHazyexanux K GPCR, B uactHocTH [2- U
02-aJpeHEPTUYECKUX, JJI1 A1-aJIEHOBUHOBBIX U M2-
MyCKapUHOBBIX perenTopoB [26]. HeaBHO ObLTH 13-
yueHsl perienrtopbl FMRFa-nientuso [36], oHu Tak-

hibitor, heparin hampers the development of mor-
phine tolerance. The desensitization enhancement,
i.e. a decrease in sensitivity (hyposensitization) and
a decrease in the number of receptors on the cell
surface (internalization), was revealed not only for
opioid receptors, but for the others also belonging to
the GPCR, in particular f2- and a2-adrenergic, as
well as A1-adenosine and m2-muscarinic receptors
[26]. Recently FMRFa-peptide receptors have been
studied [36]; they also belong to the GPCR class.
Heparin is a non-specific protein kinase blocker for
opioid and [-adrenergic receptors. Perhaps, inter-
acting with this type of receptor, heparin inhibits
the desensitization process caused by the action of
synthetic agonists, thereby increasing the sensitivi-
ty of the receptors to analgesics, as a result of which
a lower dose is required to prolong the effect.

The study showed that heparin enhances the
analgesic activity of the opioid agonist fentanyl in
the tail flick test and paw licking test. This phe-
nomenon has a multicomponent character since it
involves both opioid and adrenergic mechanisms
which are possibly separated in time. High hepa-
rin level is a necessary condition for the long-term
functioning of the system through which the anal-
gesic effect of opioid agonists is realized. It can be
assumed that the endogenous heparin, the release
of which occurs upon activation of the adrenergic
system, affects the receptors of the opioid system
and does not determine the interaction with the
opioid agonist.
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ke otHocATcsA K kiaccy GPCR. TemapuH sBisercs
HecneruPUIecKuM OJIOKATOPOM ITPOTEMHKUHA3bI
JUIS1 OTIMOW/THBIX U -a[peHEPTUYECKUX PEIENTOPOB.
Bo3MO3kHO, B3aNMO/IEHCTBYsI ¢ JAHHBIM BUJIOM pe-
LIETITOPOB, T€IIADUH TOPMO3UT IPOIECC JECEHCUTHU-
3aI[1M1, BBI3BAHHBIA BO3/EHCTBHEM CHUHTETHUYECKHX
aroHUCTOB, TEM CAMBIM ITOBBIIIAS UyBCTBUTEIBHOCTD
PelenTOPOB K aHAJIIeTUKAM, BCJIEICTBHE UETO TpPe-
OyeTcst MEHbIIAs J103a JIJIs mpozieHust addeKTa.

IIpoBeneHHOE HcCeZIOBaHNIE TTOKA3aJI0, YTO Te-
MMApUH YCWJINBAET AaHAJIbIeTUYECKYI0 AKTHBHOCTH
OIHMOUJIHOTO aroHUCTa — (PEeHTAHWIA B TECTE OTBe-
JIEHUS XBOCTa U 00JIN3BbIBAHMSA JIATl. J[JaHHOE sIBJIEHHE
HOCHUT MHOTOKOMIIOHEHTHBIN XapaKTeP, TOCKOIbKY B
HeM 3a/Ie1ICTBOBaHbI KaK OITHOUHBIE, TAK U aIpEHEP-
THYECKHEe MEXaHU3MbI, KOTOPbIE, BO3MOKHO, pa3ob-
IIEHBI BO BpeMeHU. [0BBIIIEHHOE CO/IepKaHUe Trema-
puHa — HeoOXOIMMOe YCIOBHE JUINTEIBHOTO (PYHK-
[IMOHHUPOBAHHUS CUCTEMBI, Uepe3 KOTOPYIO peayin3y-
ercsi 06e300yIMBAIOIIEe JIECTBUE OIMOU/HBIX aro-
HHUCTOB. MOKHO IIPEAIIOIOXKUTh, UTO SHIOTEHHBIHN
rernapuH, BBIOPOC KOTOPOTO IIPOUCXO/UT IIPHU aKTH-
BaIlUU aJPEeHEPruYecKOd CHCTEMBI, BO3ZAEHCTBYeET
HA PEIEenTOoPhI OIHOJHOHN CUCTEMBI U HE OIIPEeZEIAeT
B3aUMOJIENCTBHE C OTMOHBIM arOHUCTOM.

Beicokuii ypoBenp pazmuuuit JIII POX wu
JIIT POJI, BOBMOKHO, CBSI3aH C TEM, YTO aHAJIbIre-
3UsA Ha CYyNpPaCIVHAJIBHOM YPOBHE O0OYCJIOBJIEHA
| -OIMOMHBIMHU DENENTOPaMM, a Ha CIHHAIbHOM
YPOBHE — L -perentopamu [26].

3AK/IIOYUEHUE

[TosryueHHBIE DKCIIEPUMEHTAJILHBIE TAHHBIE T10-
3BOJIAIOT TOBOPHUTH O CEHCUOWIUBUPYIOIIEM Jei-
CTBUM TellapuHa HAa MIO-OIMOW/IHbIE DPEIENTOPBI,
WHUIUAPOBAHHbIE arOHUCTOM — (EHTAaHUIOM, Ha
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The high level differences between TFL and
PLL are probably due to the fact that analgesia at
the supraspinal level depends on p -opioid recep-
tors, and at the spinal level — p -receptors [26].

CONCLUSION

The obtained data allow us to speak of the sen-
sitizing effect of heparin on the mu-opioid recep-
tors initiated by the agonist at the spinal and su-
praspinal levels. The pre-administration of the opi-
oid receptor antagonist naloxone reduces both the
antinociceptive effect of fentanyl and the analgesia
caused by the combined use of heparin and fentan-
yl. Protamine sulfate, blocking endogenous hepa-
rin, reduces the aversive reaction latency (TFL and
PLL) of rats to thermal pain stimulus, which indi-
cates the potentiating effect of endogenous heparin.
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CIMHAJIBHOM U CyIPAaCIHHAJIBHOM YPOBHAX. IIpen-
BapUTeJIbHOE BBeZleHUE AHTAarOHUCTA OIMOUHBIX
PEIEenTOPOB HAJIOKCOHA CHIIKAET KaK aHTHHOITUIIET-
TUBHBIHN 3 PeKT heHTaHMIIA, TAaK U AHAJIBIE3HIO, BBI-
3BaHHYIO COYETAHHBIM INpUMEHEHUEM TrelapuHa U
¢denranuna. Ilporamun cynabpdar, GJIOKUpPYA HO-
TeHHBIN TelmapyH, CHIDKAET aBEPCUBHYIO PEAKIIHIO
(JIIT POX wu JIII POJI) kpbIc HA TepMHUUecKoe OoJe-
BO€ BOBJIENICTBHE, YTO TOBOPHUT O IMOTEHIIUPYIOIIEM
JIeAICTBUY SH/IOT€HHOTO TrerapuHa.

KoH@IuKT HHTEpEeCcOB. ABTOPHI 3a5BJISIIOT 00
OTCYTCTBUU KOH(MIINKTA HHTEPECOB.
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