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exp — BeIABUTH aTOTeHEeTHYEeCKHE (haKTOPHI (HOPMIPOBAHUS TAHKPEATOTEHHON CepevHON HeI0CTaTOuHOC-
TH B O/IVDKAIIEM M OTAATCHHOM TIEPUOJIAX.

Marepuan u Meroasl. VccienoBanus nposenensr Ha 130 kpbicax-camiiax junun Bucrap maccoit 292+4,0 r,
pa3buThIX Ha 4 TPyIbL JKUBOTHBIX HAPKOTU3UPOBAJIN ITHIOBBIM 3(DupoM. B Tpex sKcrieprMeHTaIbHBIX IPYIITAX
MO/ICJINPOBAIM OCTPBIH JACCTPYKTUBHBIN MAaHKPEATUT ITyTEM BBEACHUS B TKAHb IO/KEIYIOYHON KeJle3bl JKerdn,
B3SITO U3 JKEJYHOTO TIPOTOKA, U3 pacuera 0,15 mMu1/kr Macesl Testa. Yepes 24 yaca, 7 aHeill u 1 Mecsiiy BOCIIPOU3BO-
JUAJIA MOJIE/Th M30JIMPOBAHHOTO M30BOJIIOMUYECKHN coKpataomieroca cepana 1o E. L. Fallen et al. /lasrernue B me-
BOM JKeJIyZIoUKe U3Mepssn ajeKTpomanomMerpoM BMT u peructpupoBasin ero BMecTe ¢ 1mepBoii TPOU3BOAHON Ha
npubope H338-411, paccunTbiBast CHCTOIMYECKOE U IUACTOJINYECKOE J[ABJIEHIE, CKOPOCTH COKPAIIEHUsT U pacciab-
senust. OHOBpeMeHHO Gpasiu pobbl iepdysara, TPOLIE/IIEro Yepe3 KOPOHAPHOE PYCJI0, B KOTOPOM YHUMDUIUPO-
BAaHHBIMU METO/IaMU OTIPeIeNISI/I aKTUBHOCTD acrapTataMuaoTpancdepasst (AcAT) u tmokossr. s BeIABICHUS
MEXaHM3MOB Kap/IMOJIEITPECCHH OCYIIECTBIISJIN HABSI3bIBAHNE BBICOKOTO PUTMA COKPAIIIEHUI, THTIEPKAJIBIIUEBYIO U
TUITOKCHYECKYIO 11epdy3uio.

PesyabraTbl. YcTanoBieHO, 4TO OCTPBIN ECTPYKTUBHBIN TAHKPEATUT HAPYIIAeT CUJIOBbIE M CKOPOCTHBIE T1apa-
METPbI COKPATUTEIbHOM (PyHKIMK cepilia (CHUKEHIE CUCTOJNYECKOTO IaBJIeHNs, CKOPOCTEH COKpAIleHs 1 pac-
caabJieHnsT MUOKapJIa JIEBOTO JKeTY/I0UKa, YBEJINYeHIe ANACTOINYECKOTO [TaBIeHNs, KaK OTPAKEHIe KOHTPAKTYP-
HBIX COKpAllleHUil KapauoMuoiuros). OcoOEHHO OTYETIIMBO 9TH HAPYIIEHUs BBISBJSIOTCS [PU HABSI3bIBAHUU
BBICOKOTO PUTMa COKPAIIEHUH Cep/Ila U TUIIEPKAJIbIIMEBOI M ITMITOKCUYECKON Tiepdy3nn N30JIMPOBAHHBIX Cepiell.
Bospacraer takske morpebiieHue TII0KO3bl Ha KasKbIil MM PT. CT. Pa3BUBAEMOTO JKeJIYI0YKOM [[aBJIEHHSL.

3akmouenne. Bakueinumu natoreHeTndecKuMu GakTopaMiu MMaHKPeaToreHHON CePAeYHON HEJ0CTaTOUHOC-
TH SIBJISIFOTCSI TUTIOKCHUS, IECTPYKITMsE MeEMOPaH KapIHMOMUOIUTOB, nHriubuposanie Ca-Hacoca capKOJIEMMbI U cap-
KOIJIA3MaTHYeCKOTO PETUKYJIYMa, MUTOXOHAPHAIbHAS MTUCHYHKIM. MaKkcuMasbHast JIeNpeccusi COKPaTUMOCTH
MHUOKap/ia JIEBOTO JKeJTy/I0UKa BbISIBJISIETCS B TEUEHHE TTEPBBIX CYTOK U Ye€Pe3 MeCSIIL [10C/Ie MOJIEIMPOBAHUST TAHKPe-
OHEKPO3a.

Kantouesvte caoea: ocmpulil nankpeamum; cepoeunas HedoCmamoyHoCmy; Kapouooenpeccus

Objective is to identify the pathogenic factors for progression of pancreatogenic cardiac failure in the nearest
and remote periods.

Materials and methods. The study was carried out on 130 male Wistar rats (292+4.0 g) divided into 4 groups.
The animals were anesthetized with ethyl ether. Acute destructive pancreatitis was simulated in three experimental
groups by infusion of bile (0.15 ml/kg body weight) taken from the bile duct into the pancreatic tissue. The isolated
isovolumically contracting rat heart (according to E. L. Fallen et al) was simulated 24 hours, 7 days and 1 month after
the bile infusion. The pressure in the left ventricle was measured by electric manometer BMT and registered along
with the first derivative at the device N338-4P calculating the systolic and diastolic blood pressure, and the speed of
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contraction and relaxation. At the same time the perfusate samples passed through the coronary arteries were har-
vested, and aspartate aminotransferase (AST) and glucose were determined by standard methods. To identify the car-
diac depression, the high contraction rhythm and hypercalcemic and hypoxic perfusion were applied.

Results. It was found that in acute destructive pancreatitis the power and speed parameters of the heart con-
tractile function were altered that led to lowering the systolic blood pressure and velocity of contraction and relax-
ation of the left ventricular myocardium and increased diastolic blood pressure as an indicator of cardyomyocyte
contracture rate. These abnormalities were evidently manifested in increased heartbits, including hypercalcemic
and hypoxic perfusion of the isolated hearts. Glucose consumption was raised per each mmHg generated by the
ventricular pressure.

Conclusion. the most significant pathogenetic factors of pancreatogenic heart failure include hypoxia, car-
diomyocyte membrane destruction, inhibition of sarcolemma Ca-pump, sarcoplasmic reticulum, and mitochondr-
ial dysfunction. The maximum depression of myocardial contractility of the left ventricle is detecting during the
first day and in a month after simulated pancreatic necrosis.

Key words: acute pancreatitis; cardiac failure; cardiac depression
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BBenenne

3a60JIeBaeMOCTh OCTPBIM TTAHKPEATUTOM HEY-
KJIOHHO yBenmuuBaetcs [1, 2], a yactoTta ero ject-
pykrtuBHbIX (opm gocturaer 20—45% [3, 4]. Tpu
HTOM JIETAJIBHOCTH OCTAETCST CTAOUIIBHO BBICOKOU ¥ B
3aBUCUMOCTH OT 0ObeMa TOPasKEeHUsT pancreas U Ha-
JINYUsSI/OTCYTCTBUST MH(MUIUPOBAHUS HEKPOTUYEC-
kKX 30H kosebuercs ot 15 o 100% [5, 6]. Beayiuee
3HaYEHUE B PA3BUTUU JICTAIbHBIX UCXO/IOB TIPU MaH-
KPEOHEKPOo3e TIPUIAETCA CEPACUYHO-COCYAUCTON U
MOJIMOPTAHHOM HEOCTATOUHOCTH, BO3HUKAIOIINM Ha
(bone nHbekMOHHO-TOKCHYECKOTO TTOKA [7]. B pa-
Hee MMPOBE/ICHHBIX UCCIE/JOBAHUAX HAMU BbISIBJICHBI
HapyHIEeHUS COKPATUMOCTH MUOKap/la B paHHEM Iie-
puo/ie 1mocjie MOJIEJIMPOBAHUS OCTPOTO JECTPYKTHUB-
woro nankpearura [5]. Ilesb uccaemoBanuss — BbI-
SABUTD NaToreHeTnvyeckure (hakTopbl (HOPMUPOBAHUSA
MMaHKPEATOTEeHHOW CepleYHON HeJOCTATOYHOCTU B
GJIVDKATIIIEM W OT/IAJIEHHOM TIEPUO/IAX.

Marepuan u MeTO/bI

WccnemoBanms nposenens Ha 130 kppicax-camiiax Jam-
Huu Bucrap maccoit 292+4,0 1, pasburbix Ha 4 rpymumb 3
AKCIEPUMEHTAIBHBIX U 1 KOHTPOJIbHYIO. JKMBOTHBIX Hap-
KOTH3UPOBAJIN 3THIOBBIM adupom. VccmenoBanust mpose-
JIEHBI ¢ COOTIOCHNEM TTPUHITMIIOB TYMAHHOTO OTHOIIEHHUS
K JKHBOTHBIM. B Tpex akcriepuMeHTalbHbIX IPYIIaxX Mojie-
JINPOBAJIN OCTPBII JIECTPYKTUBHBII TTAHKPEATUT. 3a CYTKU
JI0 OTIePAIK JKUBOTHBIX JIMIIAIN THIH, a 32 30 MUH 10
IIPOBE/ICHUS HKCIIEPUMEHTA JIABAJIM KOPM, YTO BBI3BIBAJIO
yCUJIEHHE TPOIECCOB MUIIEBAPEHUsT U CII0COOCTBOBAIO
pasBUTHIO paboueiil THIepeMun TIOKENTyI0OUHON JKele3bl.
ITO MO3BOJISIO HOJTee TOYHO OTINYATD €€ OT MaparmaHKpea-
TUYECKOW KJIETUYATKH, a TAK)KE BCJIE/ICTBUE AKTUBAIMH TIAH-
KPEAaToIUTOB 1 UX (DEPMEHTOB CIIOCOOCTBOBAJIO PA3BUTUIO
6oJiee MAaCCUBHOTO MTAHKPEOHEKPO3a U YBEJIMUECHUIO CEKPe-
UK JKesrdn. B KauecTBe onepannonHoro 10cTyna Oblia Bbi-
Gpana cpenuimas janaporomus. OCTpbIil €CTPYKTHUBHBIN
MAHKPEATUT MOJIEJTMPOBAJIH TTyTeM BBEJIEHHS B TKAHb TIO/[-
SKEJTYJIOYHOM JKeJIe3bl JKeTUH, B3SITONW U3 JKEJTUYHOTO TIPOTO-
Ka, n3 pacueta 0,15 MJI/KT MacChl Testa ¢ MOCAeYIOMIEH Te-

Introduction

The incidence rate of acute pancreatitis is
steadily increasing [1, 2], and the frequency of its
destructive forms reaches 20—45% [3, 4].
Meanwhile, the mortality rate remains invariably
high and depending on the area affected and the
presence/absence of infected necrotic zones within
ranges from 15% to 100% [5, 6]. The top position in
the lethal outcomes in pancreatic necrosis is given to
cardiovascular and multiple organ failure secondary
to septic or cardiogenic shock [7]. In previous stud-
ies we have detected the alterations in myocardial
contractility early after the simulation of acute
destructive pancreatitis [5]. The aim of the study is
to identify the pathogenic factors for progression of
pancreatogenic cardiac failure in the nearest and
remote periods.

Materials and Methods

The study was carried out on 130 male Wistar rats
(292 + 4.0g) divided into 4 groups. The animals were anes-
thetized with ethyl ether. The studies were conducted in
compliance with the principles of humane treatment of
animals. Acute destructive pancreatitis was simulated in
three experimental groups. The animals were starved a day
before the surgery and fed 30 minutes before the study
launched that reinforced the digestive processes and facil-
itated the functional congestion of the pancreas. That
allowed distinguishing it more accurately from peripancre-
atic mass and boosting the development of massive pancre-
atonecrosis, and the increase of bile secretion due to the
activation of pancreatocytes and their enzymes. Midline
laparotomy was chosen as a surgical approach. Acute
destructive pancreatitis was induced in anesthetisized ani-
mals by infusion of bile (0.15 ml/kg body weight) taken
from the bile duct into the pancreatic tissue followed by
ligation of the common bile duct with absorbable suture
below the confluence of the pancreatic duct [8]. The ani-
mals were taken out of the experiment in 24 hours, 7 days
and 1 month after it. The blood samples for biochemical
analysis were collected at the same period.
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PEBSI3KOI OOIIEr0 JKETIHOTO TPOTOKA PACCACHIBAIOIIIIMCSI
IIOBHBIM MaTepHaJIOM HIKE BIAJICHUS B HETO MAHKPEATH-
yeckoro nporoka [8]. JKuBOTHBIX BBIBOAMIN U3 9KCIIEPU-
MeHTa yepe3 24 vaca, 7 qHeii u 1 mecsi. B aTu sxe cpoku 3a-
Gupasi KPOBb [1Jis1 OMOXUMUYECKUX UCCIIEIOBAHMIA.

[t OCTVoKeHUsT TIOCTABJIEHHON e/ Y JKUBOTHBIX
1ocJie TPAHCCTEPHAJIBHOTO Pa3pe3a U3BJIEKAIN CeP/Ia, 1M0-
Melanu B oxsaskaeHHbii 10 +2°C pacrtsop Kpebcea-Xense-
JaiiTa, YA Ipeicep/rs, paspyiain IPOBOSIILYIO CH-
CTeMy CepAlia, II0CTIe YeTo cepAlia uepe3 a0pTy MOAKII0UaIn
K 11epy3MOHHOI YCTAaHOBKE. B 110J10CTH J1IEBOTO JKeTy104Ka
BBOJIMJIM JIATEKCHBII GAJIOHYMK MOCTOSIHHOTO O0bEMa,
COKMMast KOTOPBII Cepiille OCYIIECTBIISIO N30BOTIOMUYEC-
KHe cokpaiieHusi ¢ yactoroir 120 mMuH', HaBs3bIBaeMOI
YHHUBepCaIbHbIM asieKTpocTumyJisitopom ICY-2. Cepaia
nepdysupoBaiu perporpagHo pactBopom Kpebea-Xense-
Jaiita, HackIeHHbIM KapooreHoM (95% O, 11 5% CO,) tox
nasnenvieM 70 mum pr. c1. ipu 37°C [9]. /laBsienue B 1eBoM
JKeTyZIouKe uaMepsin anekTpomanomerpom BMT (Tepma-
HUST) 1 PETUCTPUPOBAIIH €T0 BMECTE C TePBOIt IPOU3BOAHON
Ha npubope H338-411. Yepes 30 mun nepdysun (Bpems,
HeoOXoauMoe 1 cTabumsaiy paboThbl Cep/ia) peruct-
PHPOBAJIN COKPATUTENBHYIO (DYHKITHIO CEPIIA U OTHOBPE-
MeHHO Gpast ipobbI 1iepdy3ara, MPOIIEAIIEro Yepes Kopo-
HapHOe PYCJI0, B KOTOPOM YHUMDHUIINPOBAHHBIMU METOAMU
OTIpeJesISITA  AaKTUBHOCTD aclapTaTaMIHOTPaHCchepasst
(AcAT) u rmokosbl. Yteuky AcAT 13 kap/inOMHOIINTOB B
KOPOHAPHBII TIPOTOK PACCUUTBIBAIM HA 1 T CyXo0il Macchbl
MUOKap/Ia, a HoTpedieHne TII0KO3bl — Ha 1 MM PT. CT. pas-
BHUBAEMOTO JKeJTyJouKoM aByenus [10].

B rpyrmy I 66110 BRITIOYEHO 32 KPBICHI, ¥ KOTOPBIX MO-
JeJTMPOBATN TOTAJIBHBII OCTPBII 1eCTPYKTHBHBIIH MTAaHKPe-
aTUT, JIJIMTEILHOCTD HaOMOAeHus cocTaBuaa 24 Jaca. Jle-
TaJbHbIE NCXO/Ibl, BBI3BAHHBIE OCTPOIl CEPAEUHO-IETOYHOI
HEIOCTATOYHOCTBIO M THOMHO-CENTHYECKUMHU OCTOKHEH -
samu, coctaBuin 37,5% (12 sxuBotnpix). B rpynie 1T gnu-
TEJLHOCTb HAGMIONEHUs cocTaBuia 7 JHel ¢ MOMEHTa MO-
JeJTMPOBAHMS OCTPOTO JIECTPYKTUBHOTO MaHKpearnTa. M3
37 xusorHbix noru6sao 14 xpeic (37,8%). B rpynne 111
JUIATETLHOCTD Habsmogenust cocrapuia 30 maueil. M3 41
KUBOTHOTO 110ru6s10 18 kpbic (43,9%).

ITo wcTeveHny 3aMIaHMPOBAHHOTO CPOKa HabIIIo/Ie-
HUS TTOCJI€ MOJIETTMPOBAHUSI OCTPOTO IECTPYKTHBHOTO MaH-
KpeaTuTa y BBIKUBIINX JKMBOTHBIX 110/ 3(UPHBIM HapKO-
30M M3BJIEKAJIM CeP/IIIa [Tt U3YYEHUs] UX COKPATUTETbHON
dbynxnuu [11]. 30-munyTHAsS IEpdy3UT U30ILPOBAHHOTO
M30BOJIIOMUIECKN COKPAIIAIONIErOCsT CEP/IIIa OKCUTEHUPO-
BaHHBIM pacTBopoM KpebGca-Xensesaiita ycrpaHsier Mo-
BPEXK/IEHNUST, BBI3BAHHBIE THIIOKCHEl TIPETTAPOBKY Cep/ilia n
€ro MOJITOTOBKO# K 1epdhy3nn, 1 BOCCTAHABJIUBAET CUCTO-
JIMYecKoe JIaBJIeHNe, CKOPOCTH COKPAIEHUsI M CKOPOCTU
pacciiabiieHust 10 3HAYEHUH, TPUBOAUMBIX B JIMTEPATYpPe
[10, 11]. Korza nocruraiach crabuiausanus paboThl H30-
JINPOBAHHOTO CEP/IIIA, MCTIOJIB30BAIIH PsIJI IPUEMOB, I03BO-
JISIBIINX OLEHUTH (DYHKIIMOHAJIbHbBIE Pe3ePBbI MUOKAP/IA U
BBISIBUTh BaKHEWIIME TaToreHeTndeckre (hakTopbl MaH-
KPeaToTeHHOH KapinoIeTPecCuu:

1) Harpysky PUTMOM BBICOKOW YacCTOTBHI COKpalle-
Huit. [Ipu paHHOI 11poGe yBEIMYMBAIN YACTOTY COKpa-
nrernii cepana o 400 B munyTy. PazButue nedexra nua-
CTOJIBI TIPM TaKOl Harpysake MO3BOJISIO OIEHUTH
COXPAHHOCTbH U MOIIHOCTh MEXaHU3MOB, OTBETCTBEHHBIX
3a TPAHCIOPT KaJlbINs U3 CAPKOIJIA3MBI B CAPKOILTa3Ma-
TUYECKUN PETUKYIIYM;

To achieve the aim of the study the heart of each exper-
imental animal was removed after the split-sternum inci-
sion and perfused with the Krebs-Henseleit buffer cooled to
T+2°C. The atriums were removed and the cardiac conduc-
tion system was destroyed, and then the heart via the aorta
was connected to the perfusion unit. The latex balloon with
a permanent volume was inserted into the left ventricular
cavity; with squeezing this balloon the heart made isovolu-
mic contractions at a frequency of 120 beats/min imposed
by a universal electrical stimulator 9CY-2. The hearts of
rats were retrogradely perfused with the Krebs-Henseleit
buffer saturated with carbogen (95% O, and 5% CO,)
under the pressure of 70 mmHg and t 37°C [9].

The pressure in the left ventricle was measured by
electric manometer BMT (Germany) and registered along
with the first derivative at the device N338-4P. In 30 min
after perfusion (the time required for cardiac function sta-
bilization) both the cardiac contractile function was
recorded and the samples of perfusate passing through the
coronary bed were harvested and AST and glucose levels
were determined. AST leakage from cardiomyocytes into
the coronary flow was calculated per 1g lean myocardium
weight, and the glucose consumption was measured per-
each 1 mmHg developed by the ventricular pressure [10].

Group I included 32 rats, in which the total acute
destructive pancreatitis was simulated. Lethal outcomes
caused by acute cardio-pulmonary failure and septic com-
plications were 37.5% (12 animals). Group II included ani-
mals with the follow-up lasted for 7 days after the simula-
tion of acute destructive pancreatitis. Of 37 animals 14 rats
died (37.8%). In group II1 the follow-up lasted 30 days, of
41 animals 18 rats died (43.9%).

Upon follow-up completed on simulated acute
destructive pancreatitis in rats survived under the ether
anesthesia the hearts were removed to study their contrac-
tile function [11]. Perfusate sampling was carried out
along with the registration of the parameters of the left
ventricular contractile function. Glucose value and AST
activity were determined with the unified methods calcu-
lating the glucose intake (1 g wet myocardial mass X 1 min
X 1 mmHg). AST loss in cardiomyocytes was calculated as
following (1g dry myocardial weight x 1 min of myocardial
contraction). Isolated isovolumic rat hearts were perfused
with oxygenated Krebs-Henseleit buffer for 30 to elimi-
nate hypoxic damages and restore the systolic blood pres-
sure, and the contraction and relaxation rate to the values
presented in the literature [10, 11]. Upon stabilization of
the isolated heart work the series of techniques to assess
the functional myocardial reserves and identify the most
important pathogenetic factors for pancreatogenic cardiac
depression:

1) Testing for high frequency rhythmic contractions.
While the test performed the heart rate was increased up to
400 per minute. The development of the diastole failure dur-
ing the test allowed assessing the maintenance and capacity
of the mechanisms responsible for calcium transportation
from the sarcoplasm into the sarcoplasmic reticulum;

2) Testing for loading the isolated hearts with calcium
ions by increasing Ca2* level in the perfusate from 2.5 to
7.5 mmol/l. This test allowed evaluating the efficiency of
Ca2* pump function of the sarcolemma and the sarcoplas-
mic reticulum;

3) hypoxic cardiac perfusion with Krebs-Henseleit
buffer for 15 min with pO, lowering in 4 times (from 600
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2) HarpysKky W30JMPOBAHHBIX Cepliell MOHAMH KaJlb-
s myTeM yBenndenus coaepkanus Ca2t B mepdysare ¢
2,5 10 7,5 MMoJb/ 1. Dta npoba MO3BOJIMIA ONEHNUTH (-
dextusnoCTs pyHKIMonnposanus Ca2*-nacoca capko-
JIEMMBI 1 CAPKOIIABMATUIECKOTO PETHKYIYMA;

3) runokcuyeckyio nepdysuio cepiia B tederue 15
MuH pactBopoM Kpebca-XeHsenmaiita, [0CTUTaBUIYIOCS
camkenneM B 4 pasa pO, (¢ 600 mo 150 MM pT. cT.) B TIEp-
(dysate; pPeoKCUTEHANNIO Cepjiel], BO30OHOBISS TOLaqy
KHCJIOPO/IA TIOC/Ie THITOKCHYECKOH TTPOObI, YTO MO3BOJISIIO
OLIEHUTDH YCTOUYUBOCTD KJIETOUHBIX MEMOPaH K JIeiiCTBUIO
AKTUBHBIX (POPM KHCJIOPOJIA.

B cBsI31 ¢ QyHKITMOHATBHBIMU OTPAHITYEHUSIMI THUIIO-
Keuveckast mpoba Gbira mposesiena B rpymme [ Ha 16 cepa-
nax, B rpynne II — na 18, B rpymme III — na 20, B rpymie
IV — na 10. Harpyska puTMOM BBICOKOI 4acTOTBI COKpa-
[IeHWiT W TUNepKajblueBasd 1poba Oblaa MpoBeJeHa B
rpymie [ na 16 cepanax, B rpymnie I — na 19, B rpyme 111
— na 21, B rpymme [V — na 10.

Ipynmy IV (xouTposs) coctaBuan 20 UHTAaKTHBIX KU~
BOTHBIX. ¥ BCEX JKMBOTHBIX B OJIMH JIEHb MTPOBOJMIN BCE
AQHAJIOTUYHBIE C AKCIEPUMEHTATBHBIMK IPYIIIaMU MaHU-
IYJISIHAH.

Craructuueckyio 06paboTKy JTaHHBIX IIPOBO/ILIIN C UC-
MoJIb30BaHneM TiporpaMMel Statistica v. 6. HopmamsHOCTD
pacmpe/iesieHIsT TTOJyYeHHbIX Pe3yJbTaToB B BapHalllOH-
HOM Psijly OIIEHUBAJIH C TIOMOIIBIO kpuTepust Kosmoroposa-
CMUPHOBa, a TaK)Ke COTJIACHO TIPABUJIY JBYX M TPEX CUIM
(0). [lanmble, He MOTYMHSIBIINECS 3aKOHY HOPMAJIbHOTO
(rayccoBCKOro) pacupe/iesieHus, PeJCTaABIISAIN B BH/E Me-
nuanbl (Me) n MHTEePKBapTHIILHOTO padmaxa (25 u 75 mep-
nenTmin). [Ipn cpaBHEeHNN KOJTMYECTBEHHBIX MPU3HAKOB
JIBYX COBOKYITHOCTEl HECBSI3aHHBIX BBIGOPOK, TIOIYUHSIIO-
IMUXCSI 3aKOHY HOPMAJIHOTO pacIpe/iesIeHus, HCI0Ib30Ba-
s t-kputepuii Croronenrta. Kpurepuit Manna-Yuthu npu-
MEHSLJIH, eCJIU CPABHIBAEMbIE COBOKYITHOCTH HECBSI3AHHBIX
BBIOOPOK HE TOIYMHSIINCH 3aKOHY HOPMAJTbHOTO pacipeie-
senust. Kpurepmii Briikokcona MCIoIb30BajIcsT IPU CPaB-
HEHWHU JIBYX CBSI3aHHbBIX BbIOOPOK. Kpurmueckuil yposeHb
3HAYMMOCTH CTATUCTUYECKUX TUIIOTE3 B JAHHOM HCCJIE/I0-
BaHUU TpuHUMaJscst paBHbiM 0,05, TaK KakK 1P 3TOM Bepo-
SITHOCTD Pa3jinyiisi cocTansisiia bosee 95%.

PesyabraThl 1 00CyK/I€HHE

[TankpeoHeKkpo3 BHI3BIBAJ CHIIKEHIE U CHJIO-
BbIX, U CKOPOCTHBIX [TOKa3aTeJieil COKPATUMOCTH Jie-
BOTO JKeJTyI0UKA U30JIMPOBAHHOTO CEP/IIa KaK B OJu-
JKaiileM, Tak M B oTAajeHHoM nepuoje (tabs. 1).
Cucrosnyeckoe JaBjieHre B KOHIE IIEPBBIX CYTOK
OKa3bIBAJIOCH CHIKEHHBIM HA 20% 110 CpaBHEHUIO C
KoHTpoJieM, a yepe3 7 u 30 cyrox — na 28% u 30% co-
OTBeTCTBEHHO. /luacronnyeckoe naBieHue B JKely-
JIOYKe B KOHIIE [IEPBbIX CYTOK IIPEBBIIIAI0 KOHTPOJIb-
Hble 3HaueHus B 1,6 pasa, a uepe3 7 u 30 cyTok — B
1,2 paza. AHQJIOTUYHO U3MEHSIUCh WM CKOPOCTHDIE
[IOKA3aTeJIN COKPATUMOCTU — CKOPOCTb COKPAIIIEHUST
U CKOPOCTDH PaccJIabJIeHs], YMEHbBIIAsICh B PA3JINU-
Hble cpoku HabsoneHust Ha 10—28% 110 cpaBHEHUIO
C KOHTPOJIEM.

CHumkeHre CUJIOBBIX U CKOPOCTHBIX IIOKa3aTe-
Jieif COKPaTUMOCTH, & TAK)Ke MOBbINIEHNE KOHEYHOTO

to 150 mmHg) in the perfusate; cardiac reoxygenation
with oxygen supply after the hypoxic test to estimate the
resistance of the cell membranes to the reactive oxygen
species.

Due to the functional limitations the hypoxic test was
carried out in the group I (7=16), the group I (n=18), the
group IIT (n=20), and the group IV (n=10). Tests for high
frequently rhythmic contractions and hyper-calcium test
were conducted in the group I (#=16); in the group II
(n=19), in the group III (n=21), and in group IV (n=10).

Twenty intact animals were included in the group IV
(control). The animals from all groups underwent the same
manipulation in one day.

Statistic data processing was conducted using the
software Statistica 6.0. The normality of distribution of
variables was assessed by (a) Kolmogorov-Smirnov criteri-
um, or (b) the rule of two and three sigma (o). The data,
which disobeyed the Gaussian statistics, were presented as
Me (LQ; HQ) and interquartile range (25 and 75 per-
centiles). Student's ¢-test was exploited to compare the
two sets of unrelated samples obeyed the normal distribu-
tion. Mann-Whitney test was used when the compared
variables from unrelated samples did not obey the rules of
normal distribution. A Wilcoxon criterion was used to
compare two dependent samples. The critical value for sta-
tistical hypothesis test was P=0.05, where the probability
of differences was over 95%.

Results and Discussion

As shown in Table 1 pancreatic necrosis result-
ed in reducing the power and speed parameters of left
ventricular contractility in the isolated heart both in
the nearest and remote periods. Systolic blood pres-
sure at the end of the first day was reduced by 20%
compared to the control group, and by 28% and 30%
7 and 30 days later, respectively. Diastolic ventricu-
lar pressure at the end of the first day exceeded 1.6
times the control value, and was 1.2-fold higher than
the control values when determined on days 7 and 30
post-induction. Contractility rate indices including
rate of contractility and rate of relaxation have been
similarly altered being decreased in different periods
to 10—28% compared to control.

Decreases in contractility power and speed val-
ues and increases of left ventricular end diastolic
pressure indicate a primary cardiac failure evidently
expressed in the early period of the study. However,
myocardium relaxation was considerably impaired
particularly in the remote periods of the study (30
days) due to energy metabolism violation or damage
of the membrane ionic pumps, especially Ca-pump of
sarcolemma and sarcoplasmic reticulum, or a conse-
quence of the combined effect of both factors [10]. It
was evidently manifested in inducing the high rate of
contractions. Thus, in transition from 120 min-1to
400 min" in the control group, a positive inotropic
effect (statistically significant increase of the systolic
blood pressure by 16%) was observed, and a negative
inotropic effect was registered in pancreatic necrosis
with the lowering of systolic blood pressure in one
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Ta6imua 1. Bausuue ocTporo JecTpyKTHBHOIO IIAHKPEATUTa HA COKpAaTUTEIbHyI0 pynkmmio cepaua (Me, LQ; HQ).
Table 1. Effect of acute destructive pancreatitis on the cardiac contractility (Me, LQ; HQ).

Groups of animals Systolic blood pressure,

Diastolic blood pressure,

Contractility rate, Relaxation rate,

mm Hg mm Hg mm Hg/sec. mm Hg/sec.
1 (n=16) 76.2* (71.3; 81.2) 6.2* (5.4; 6.4) 1291* (1105; 1314) 1105* (1023; 1116)
2 (n=19) 69.3* (64.4; 72.3) 4,7(4.2,4.9) 1568* (1413; 1610 1262 (1123; 1315)
3 (n=21) 67.5* (63.1; 69.5) 4,8% (4.3;5.2) 1639 (1511; 1702) 1221 (1106; 1301)
Control (n=10) 96.2 (93.1; 98.2) 3,8(3.6;3.9) 1779 (1602; 1813) 1342 (1302; 1425)

Note: * — P< 0.05 versus control.

Ipumeuanue: ja tabsui 1, 2: Groups of animals — rpymmnsl skuBoTHBIX; Control — kouTposb. Systolic blood pressure, mm Hg — cu-
CTOJIMYECKOE AaBaeHue, MM pT. cT.; Diastolic blood pressure — anacronnueckoe pasienune; Contractility rate, mm Hg/sec — ckopocts
cokpaieHust, MM pt. ct./c; Relaxation rate —cxopocts paccaabiennst. * — p<0,05 110 OTHOLIEHHIO K KOHTPOJIIO.

JIMACTOJINYECKOTO ABJIEHUS B JIEBOM JKEJTyI0UKe YKa-
3BIBAIOT HA IEPBUYHYIO CEPAEUHYIO HEAOCTATOUHOCTD,
OTYETJINBO BHIPAKEHHYIO yiKe B PAHHEM II€PUO/Ie Ha-
Guoterust. OIHAKO B OOJIbINEN CTENEHN HAPYIIAETCSI
pacciabJieHe MUOKap/ia, 0COGEHHO B OT/IaJIEHHBIE e~
puojbl Habuoerust (30 CyTOK), 94TO MOKET OBITh
CJIEJICTBUEM HAPYIIEHUsI €T0 SHEPreTUIECKOro 0OMe-
HA WU TIOBPEKIEHUST MEMOPAHHDBIX HOHHBIX HACOCOB,
B 1epByio ouepeb Ca-Hacoca CapKOJIEMMbI M CAPKO-
MJIA3MaTHIECKOTO PETUKYITYMa, OO CJIEJCTBUEM CO-
4eTaHHOTO JieticTBust o6oux (akropos [10].
OcobeHHO OTYETIMBO 3TO TPOSIBJISLIIOCH TPU Ha-
BSI3BIBAHUM BBICOKOTO PUTMa cokpaieHuil. Tak, npu
YBEJIMUEHUH YacTOThI cTUMyJistit co 120 mun" 10
400 My B KOHTPOJIE HAOJIOAAJICS TI0JI0KUTENbHbII
MHOTPONHBIN (G (eKT (CTaTUCTHYECKU 3HAYMMOE
yBeJINUeHe CHCTOJINYECKOro Aasenus Ha 16%), a na
(hoHe MaHKPEOHEKPO3a — OTPUIATETBHDIIT HHOTPOII-
Hblid a(hpeKT: yMEeHbIIeHUEe CUCTOINYECKOTO JIaBJie-
HUA yepe3 CyTKU B 2,7 pa3a, a uepe3 7 CyToKk — B 2,3
pasa. [lnacTtosinyeckoe gaBJieHye Mpu 3TOM BO3pacTa-
J10 6oJiee ueM B 3 pasa, CBUJIETEIbCTBYSI O KOHTPAKTY-
pax kapanoMuoIuToB. Yepe3 Mecsil mocje MOJIeJu-
pOBaHUsI TIAHKPEOHEKPO3a cepiila BooOIe He
YCBAMBAJIH CTOJIb YaCThIN pPUTM — HabJII01a1ach JIHOO
BBIPAKEHHAST aJIBTEPHAIINST COKPAIeHuit, b0 BO3-
HUKaIa (GUOPUILISIIINS JKETyI0YKOB,
OTpunaTeyabHblii UHOTPOTIHBIN 2 (EKT BbICO-
KOH 4YacTOThI COKpallleHul, 3-KpaTHOe IMOBBIIICHIE
JIUACTOIMYECKOTO JIaBJIEHUSI B JIEBOM JKEIYIOYKe
npu BHe3annom nepexojie co 120 no 400 coxparie-
HUil B 1 MUHYTY CBUIETEIBCTBYIOT O TIOBPEKIECHIN
MeMOPaHHBIX MEXaHU3MOB HOHHOTO TPAaHCIOPTA.
[MoBpeskmaiorcest, B iepByio odepens, Ca-nacoc cap-
KOJIEMMbI ¥ CapKOILIa3MATUYECKOTO PETUKYJIYMa,
Na-Ca-noHo0OMEHHBIII MeXaHU3M, OTBETCTBEHHBIC
3a OpicTpoe ynasnenue usbbiTka Ca2t us capkonas-
MBI U IHACTOJIMYECKOE pacciabieHue MHOKap/a.
ITO MOJIOXKEHYE TOATBEPKIAETCS OIMBITAMMU, B
KOTOPBIX cepziia mnepdy3upoBain PacTBOPOM C TI0-
BbILIEHHBIM B 3 pasa conepxanuem CaZ*. Kak usse-
crio, Ca2* urpaer K/04eByl0 PoOJib B IIPOIECCax
HOHHOTO TPAHCIIOPTA, SHEPTETUUECKOTO MeTab0JIn3-
Ma M B3aMMOJIEHCTBUSI ¢ COKPATUTEIbHBIMU GesiKa-

day later by 2.7, and by 2.3 times after 7 days.
Diastolic pressure was increased more than 3-fold,
indicating cardiomyocyte contracture. In a month
after the simulation of pancreatonecrosis the experi-
mental hearts did not assimilate this high rate of con-
tractions; a marked alternation of contraction rate or
ventricular fibrillation was observed.

In fact, the negative inotropic effect of high fre-
quency rate and a triple elevation of the diastolic
pressure in the left ventricle in the sudden transition
from 120 to 400 contractions in 1 minute evidence
the damage of the membrane mechanisms for ion
transportation. First of all, Ca-pump of the sarcolem-
ma and sarcoplasmic reticulum and Na-Ca-ion
exchange mechanisms responsible for the rapid
removal of excessive Ca2* from the sarcoplasm and
diastolic myocardium relaxation are damaged.

This was confirmed by experiments where the
hearts were perfused with a buffer with the triple
concentration of Ca2*. It is known, Ca2* plays a key
role in ion transportation, energy metabolism and in
interaction with contractile proteins, i.e. it deter-
mined the processes of contraction and relaxation of
the cardiac muscle and, based on the detected viola-
tions of myocardial contractile function in necrotiz-
ing pancreatitis, it was reasonable to assess the sensi-
tivity of isolated isovolumic contracting hearts taken
out at the different period after the simulation of
pancreatic necrosis to the changes of Ca2* rate in the
perfusate. This allows determining the damage of
sarcolemma and sarcoplasmic reticulum Ca-pump
responsible for the transmembrane transportation of
Ca2* and the role of these alterations in the devel-
opment of pancreatogenic cardiac failure.

Increasing of Ca2* in the perfusate from 2.5 to
7.5 mmol/l accompanied by moderate positive
inotropic effect in the hearts of the control group. In
15 minutes of hyper-calciemic perfusion the systolic
left ventricular pressure elevated from 96.2 (93.1;
98.3) mmHg to 114.4 (107.2; 121.4) mmHg, and the
diastolic pressure increased 1.6-fold from 3.8 (3.6;
3.9) to 6.3 (5.6; 6.8) mmHg.

Hearts from animals with simulated pancreatic
necrosis responded to hyper calciemic perfusion by
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MU, T.€. ONpe/iesIsieT MPOIecChl COKPANIEHUS U pac-
ciabjieHust cepiedHoit Mbimiipl. OCHOBBIBAsICh Ha
BBISIBJICHHBIX HAPYIICHUSX COKPATUTEIbHON (DYHK-
[ MUOKap/la TIPU MaHKPEOHEKPO3e, 1es1eco00pas-
HO OIIEHUTH YYBCTBUTEJIbLHOCTH H30JMPOBAHHBIX
M30BOJTIOMUYECKU COKPATIAIONINUXCS CeP/Iell, B3AThIX
B PasJInYHbIC CPOKHU TOCJIC MOJIEJTNPOBAHUS TTAaHKPE-
OHEKPO3a, K u3MeHeHuIo KonuenTpauuu Ca2t B nep-
(bysmonnom pactBope. ITO TIO3BOJUT B M3BECTHOM
Mepe CyIuTh O cTerenu mnospexzaenud Ca-Hacoca
CapKOJIEMMBI U CAPKOTLIIA3MATHUECKOTO PETUKYITYMa,
OTBETCTBEHHOTO 3a TPaHCMeMOPaHHBIH MEPEHOC
Ca2*, u posy 5TUX MOBpekAeHUI B (POPMUPOBAHIN
MAaHKPEATOTeHHOM HEeJIOCTATOUHOCTU CeP/IIIa.

Veennuenue konnenrpanun Ca2* B nepdysa-
Te ¢ 2,5 10 7,5 MMOJIb/JI CONPOBOKIATIOCH YMePEH-
HO BBIPA)KECHHBIM TOJIOKUTEJIbHBIM WHOTPOITHBIM
adexToM cepell KOHTPOJIbHBIX KUBOTHBIX. Yepes
15 MUHYT TULIEPKAIbIINEBON 1epdy3un CUCTOIIYE-
CKOE JIaBJIEHUE B JIEBOM JKEJIYyJI0YKe Y HIX BO3pacTa-
g0 ¢ 96,2 (93,1; 98,3) mm pt. ct. 1o 114,4 (107,2;
121,4) MM PT. CT., @ AMACTOJNYECKOE BO3PACTAJIO B
1,6 paza — ¢ 3,8 (3,6; 3,9) 1m0 6,3 (5,6; 6,8) MM pT. CT.

Cep/iia *KUBOTHBIX, Y KOTOPBIX MOJEJIMPOBA-
JI TTAaHKPEOHEKPO3, Ha TUTIEPKAIbIUEBYI0 TTepdy-
3UI0 OTBEYAJIM OTPUIATEIbHBIM WHOTPOIHBIM 3(h-
(bexToM — cTaTMCTUYECKN 3HAYMMBIM CHUKEHUEM
CHUCTOJIMYECKOTO JIABJICHUS B JKEJIYI0UKe B 2 pa3a u
3-KpaTHbBIM YBEJUUECHUEM JIMACTOJNYECKOTO JIaBJIe-
HUS 4epe3 CYTKH, 4-KpaTHBIM — 4Yepe3 7 CYTOK: C
4,7 (4,2;4,9) no 17,5 (16,4; 18,6) MM pT. cT.

Taxum 06pa3oM, OCJIe MOJICTUPOBAHUST TTAHKPE-
OHEKpO3a TIOBBINIAETCS 3aBUCUMOCTb COKPATHTEIh-
HOU (DYHKIIMY cepjilla OT KOHIIEHTPAIun Ca2t B mep-
(bysnonnom pactBope. Kak n3BecTHO, B HOPMAJIbHBIX
yCI0BUAX yBesudenue conaepxanns CaZ* Bo Buer-
Heii cpezie u capkoriazme akrusupyer Ca-AT®azy
CapKOJIEMMBI ¥ CAPKOIIJIA3MAaTUYECKOTO PETUKYIIYMa,
yBeauuuBaeT temn norsomenns Ca2t stumu mem6-
paHHBIMU cTpyKTypamu. Hapyiienue aToil Hopmasb-
HOM PeaKIny y cepiell sKUBOTHBIX, IePEHECTINX TTaH-
KPEOHEKPO3, CBU/ETEJIBCTBYET O MOBPEXICHUU
Ca-Hacoca, OTBETCTBEHHOTO 32 COKpAlleHUe W pac-
cirabJieHue CepeTHO MBIIIIIBL.

[pyruM oYeHb BaKHBIM IIATOTCHETUYCCKUM
(baxkTOpOM MaHKpPEATOTEHHOM KapAnOIEIPECCUU SIB-
agercd Tunokcus. [IpaBoMepHOCTb 3TOTO TOJIOXKe-
HUS TOATBEPKIAIOT PE3YJIbTaThl epdy3un M30JH-
pOBaHHBIX cepjell pactBopom Kpebca-Xensesaiita,
pO, xoroporo 6611 camzker ¢ 600 1o 150 My pr. cr. B
KOHTPOJIBHOI Cepuu B MEPBYI0 MUHYTY THIIOKCHYEC-
KOl 11epdy3nn CHUKEHHE CHCTOJMYECKOTO JaBJie-
HUST TIPOUCXOANIIO Ge3 YBEJTUMIEHUST JINACTOTIMIECKO-
ro jaBjieHus, T.e. 6e3 siBjeHUil KOHTpakTypbl. Co
2—3-it MUHYTBI JIMACTOJINYECKOE JIaBJieHNe HAuMHA-
JIO TIocTerneHHo Bo3pacrars ¢ 3,8 (3,6; 3,9) mm pr. cT.
u yepe3 15 mun pocrurano 11,4 (10,5; 12,1) mm pr.
CT., YTO CBUJICTEJIBCTBYET O TIOCTEIIEHHOM Pa3BUTUU

the negative inotropic effect, doubled statistically
significant reduction of the systolic pressure in the
ventricle, and tripled increase of the diastolic blood
pressure in a day and 4-fold increase after 7 days,
from 4.7 (4 2; 4.9) to 17.5 (16.4; 18.6) mm Hg,

Thus, after the simulation of pancreatonecrosis,
the dependence of the cardiac contractile function
from Ca2* concentration in perfusate was increased.
It is known that in the normal conditions the
increase level of Ca2* in the ambient and in the sar-
coplasm activates Ca-ATPase of sarcolemma and sar-
coplasmic reticulum and magnifies the absorption
rate of Ca2* by the membrane structures. Alteration
of this response in the hearts of rats with induced
pancreatic necrosis demonstrate the damage of the
Ca-pump responsible for the contraction and relax-
ation of the heart muscle.

Hypoxia is another important pathogenetic fac-
tor of development of pancreatogenic cardiac depres-
sion. The validity of this point was verified by stud-
ies of isolated hearts perfusion with Krebs-Henseleit
buffer without glucose, in which pO, dropped down
from 600 to 150 mmHg. In the control group during
the first minute of the hypoxic perfusion the lower-
ing of the systolic blood pressure was not accompa-
nied by the raising the diastolic blood pressure, i.e.,
without the phenomena of contracture. 2—3 minutes
later the diastolic pressure started gradual elevation
from 3.8 (3.6; 3.9) mmHg and in 15 minutes it
reached 11.4 (10.5; 12.1) mmHg, indicating the grad-
ual development of hypoxic contracture. Systolic
blood pressure dropped by 2.1-fold.

In the hearts of experimental animals with pan-
creatic necrosis the damaging effect of hypoxia was
most significant; contractures developing from the first
minutes of hypoxic perfusion stipulated the elevation
of the diastolic blood pressure by 2.6 times in a day, by
2,9 times in 7 days, and by 2.3 times in a month. A 15-
minute hypoxic perfusion significantly reduced the
systolic pressure in the left ventricle by 1.8-fold in a
day, by 1.9-fold in 7 days, and by 2.8-fold from 67.5
(63.1; 69.5) mmHg to 24.1 (22.5; 26.6) mm Hg in a
month. Thus, pancreatic necrosis reduces the cardiac
resistance to hypoxia, particularly at the level of Ca-
pump of sarcolemma and sarcoplasmic reticulum.

Recovery of myocardial contractile function of
the left ventricle after hypoxia elimination went dif-
ferently. Reoxygenation after hypoxic perfusion
enhanced the reduction of systolic and diastolic pres-
sure in the left ventricle of the isolated rat hearts.
Analyzing the recovery process after hypoxic cardiac
perfusion the dependence from the simulation of
acute destructive pancreatitis was clearly observed.
Elevation of the systolic blood pressure by 5%—10%
in average was evidently registered. On the other
hand, the diastolic pressure decreased in dynamics
and tended to the parameters in the control group,
however, it was less than the restoration of the car-
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TaGauna 2. Bausinue 0CcTPOro JeCTpyKTHBHOTO NAHKPEaTHTa
MPOTOK U30JUPOBaHHBIX cepaen (M*0o).

Ha noTpedJenne rmoKo3bl ¥ Bbixoa AcAT B KopoHapHbIit

Table 2. Effect of acute destructive pancreatitis on glucose intake and AST release into the coronary flow of isolat-

ed hearts (M*0).

Groups of animals Glucose, nM/min*g AST, IU/min*g
1 (n=16) 126+6.8* 404£20.1*
2 (n=19) 132+7.2% 343184*
3 (n=21) 145:9.3* 213165
Control (n=10) 109+5.8 216+10.1

Note: * — P< 0.05 versus control.
IIpumeuanne: Glucose, nM/mine*g — rmokosa, HMosb/MuH*T; AST,
KOHTPOJIIO.

TUTIOKCUYECKON KOHTPAKTYpbl. CHCTOINYECKOE JIaB-
JieHue YMEeHbIuI0ch B 2,1 pasa.

Jl71g ceprell JKHBOTHBIX € TIAHKPEOHEKPO30M IO~
BPEKAAIONNI 3((hEKT THITOKCUU OKasaicst boJiee Try-
GOKUM: KOHTPAKTYPbI, PA3BUBASICh C TIEPBBIX MUHYT TH-
MOKCUYECKOiT riepdysun, 00yCJIOBIMBAIIN TTOBBIIIEHIE
JIMACTOJINIECKOTO JIABJICHUS Yepe3 CyTKU B 2,6 pasa, dye-
pe3 7 cyTok — B 2,9 pasa, a uepe3 mecsi — 2,3 pasa. 15-
MUHYTHasI TUTIOKCHYecKad 1epdysus CTaTUCTHYCCKU
3HAYMMO YMEHBIIIAJIA CUCTOJNYECKOE JIABJICHUE B Jie-
BOM JKeJIyJIOUKe cep/iia yepe3 cyTku B 1,8 pasa, uepes 7
cytok — B 1,9 pasa, a uepe3 mecsiit — B 2,8 pasa: ¢ 67,5
(63,1; 69,5) MM pT. cT. 110 24,1 (22,5; 26,6) MM pT. cT. Ta-
KuM 00pa3oM, MaHKPEOHEKPO3 CHILKAET PE3UCTEHT-
HOCTb cep/iia, B yacTHocT — Ca-Hacoca CapKOJIeMMBI
1 CapKOTIJIa3MAaTHYECKOTO PETUKYJIYMA, K TUTIOKCHM.

BoccranoBienue cokpaTUTeNbHOU (GyHKIUT
MUOKap/Ia JIEBOTO JKeJIyI0UKa CEep/IIa TOCe yCTpaHe-
HUA TUTIOKCUH TIPOUCXOIAIIO TTI0-Pa3HoMy. B yacTHOC-
TH, PEOKCUTEHAIIHS TTOCJIe TUTIOKCUYECKOH TTepdy3nn
CIocoOCTBOBAIA MOBBIIEHUIO CUCTOJMYECKOTO U
CHWKEHUIO IMACTOJTMYECKOTO JIABJICHUS B JIEBOM JKe-
JIyTOYKe N30JTMPOBAHHBIX cepiell Kpbic. [1pu ananmse
BOCCTAHOBJIEHHUS CUJIOBBIX TIOKa3aTeJsieil CokpalieHni
cep/IIia mocJie THMOKCHYECKol 1mepgy3un 4eTKO po-
CJIEKUBATTM 3aBUCHUMOCTb OT MOMEHTA MOJIEJTMPOBa-
HUSA OCTPOTO JIECTPYKTUBHOTO naHkpearuta. OTuer-
JIUBO BBIABJAIN YBEJWYEHHUE CUCTOJTMYECKOTO
naBieHust B cpendHeM Ha 5—10%. /lmactommdeckoe
JlaBJIeHUE, HAIPOTHUB, B JMHAMUKE YMCHBIIAIOCH U
CTPEMUJIOCH K TIOKA3aTeJIIM KOHTPOJBHOM TPYIITIBI,
OJTHAKO 3TO MPOUCXO/IUTIO B MEHBIIEH CTEeHU, YeM
BOCCTAHOBJICHUE CHCTOJNYECKON (DYHKIIMM cepzerl,
CBUJIETEJIBCTBYS O COXPAHEHUH OCTATOUHBIX SBJICHUIA
TUTIOKCUYECKONW KOHTPAKTYPhl MHOKap/ia. 3aKOHO-
MEPHO TIPE/IOJIOKUTD, YTO CTOJb Pa3HOHAIIPABJICH-
HbIe BpeMEHHbIC U3MEHEHUS YYBCTBUTEIBHOCTU K I'H-
MOKCUYW W30JUPOBAHHBIX cepJel] KUBOTHBIX, Y
KOTOPBIX MOJIEJTMPOBATIN OCTPBIA /1eCTPYKTUBHBIN
MAHKPEATUT, WHIYIIMPOBAHDI IOTIOJTHUTETIBHBIM BO3-
JIeiiCTBUEM TTAHKPEATOTeHHBIX (pakTOpoB (PUCYHOK),
MOSBJISABIINXCA B KPOBU U TKAHAX TUX KUBOTHBIX U
OKA3bIBABIINX KapJAMOTPOITHOE Biausgaue [12].

B aTux ke vccaeoBaHUSAX OJJHOBPEMEHHO C pe-
TUCTpaIyeil COKPaTUTEJbHON (DYHKIIMM MHOKapza

IU/min*g — AcAT, ME/Mua—r. * — p<0,05 10 OTHOIIEHHIO K

diac systolic function, indicating on keeping of resid-
ual effects of hypoxic myocardial contraction. It has
been supposed, that such multidirectional temporary
changes of sensitivity to hypoxic isolated rat hearts,
where acute destructive pancreatitis was simulated,
were induced by additional pancreatogenic factors
exposure (Figure), detected in the blood and tissues
of animals and having a cardiotropic impact [12].

In these studies, myocardial contractile func-
tion and AST release from cardiomyocytes into the
coronary flow and glucose consumption by 1 mmHg
of the developed pressure were observed (Table. 2).
Leakage of enzymes into the coronary flow a day after
the simulation of pancreatic necrosis was increased
by 87%, and by 59% was over a control values a week
later, reflecting alterations of sarcolemma of car-
diomyocytes and AST release in the perfusate, which
did not differ from the control group a month later.

Under cardiac hypersensitivity to oxygen
insufficiency, the deficit of energy supply for car-
diomyocytes, inadequate mechanisms for maintain-
ing of Ca optimum concentration in cytoplasma
became evident. It could be assumed that the mito-
chondrial dysfunction and destabilization of mito-
chondrial membranes [13, 14 exacerbate the deficit
of energy-rich synthesis [ 15, 16]. Mitochondrial dys-
function did existed because of evidence of wasteful
consumption of glucose by the rat hearts in necrotiz-
ing pancreatitis: a day intake of glucose by the left
ventricle per each mmHg increased by 21% in 7 days
and by 33% in a month later.

Conclusion

Most important pathogenetic factors of meta-
bolic alterations in the heart that led to development
of prolong cardiac depression included hypoxia, car-
diomyocyte membrane destruction, mitochondrial
dysfunction, early endotoxemia and reactive oxida-
tive species [12, 14]. These factors and their negative
impact on the heart were discovered by assessing the
impact of blood components of rats with acute
destructive pancreatitis on the intact hearts.
Presumably, the influence of various pathogenic fac-
tors on the metabolism and the structural integrity
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onpesiesisiyin Bbixoj AcAT 3 KapiuOMUOIIUTOB B KO-
POHAPHBIIT TIPOTOK 1 NOTPeOIeH e TI0K03bI Ha 1 MM
PT. CT. pazBuBaeMoro jaasjenusi (tabi. 2). Yreuka
(hepMeHTOB B KOPOHAPHBII ITPOTOK YePe3 CYTKH TTOCIe
MOJIEJIUPOBAHUST TTAHKPeOHeKp3a Bo3pocaa Ha 87%,
Yyepe3 HeJleJIio [IPEBBIIIATA KOHTPOJIbHbII yPOBEHD HA
59%, 4TO KOCBEHHO YKa3bIBAJIO HA MOBPEKIEHUE Cap-
KOJIEMMBI KapIMOMUOIINTOB, a YepPe3 MECSIIl BBIXOJL
AcAT B nepysar He oTMYAICS OT KOHTPOJIS.

B ycnoBuax moBblllieHHONH 4yBCTBUTEIbHOCTH
cepliell K KUCTOPOAHON HEOCTAaTOUHOCTH, Aeduiiura
cyOCTPATOB BHEPrETHYECKOTO 00eCTIeYeHHsT Kap/Ino-
MUOITMTOB, HETIOJHOIIEHHOCTU MEXAHW3MOB IOJIep-
JKAHUST OTNITUMAIbHON KOHIIEHTPAIIUY [IUTOILIA3MATH-
YeCKOr0  KaJblMsl — JIOTUYHO  IIPEIIOJIONKUTH
JChYHKIMIO MUTOXOH/IPUN U JeCTAOUIM3AIIINI0 MU-
TOXOHIpUAIbHBIX MeMOpan |13, 14], kotopsie, ¢ of-
HOI CTOPOHBI, elie GOoJIblle YCUAUBAIOT AnucOaniaHe
BHYTPUKJIETOYHOTO KAJIBIIHS, C IPYTOil CTOPOHBL, YCY-
ry6uistior sieuiut cuHTesa Makpospros |15, 16]. O1-
pPaKEHHEM MUTOXOHIPUAIBHON AUCHYHKIIUE ObLIO
HEIKOHOMHOE PACXOI0BAHUE TJIIOKO3bI CEPAIIAMU JKHU-
BOTHBIX TIPU TAHKPEOHEKPO3E: Yepe3 CyTKU moTpediie-
HUe [JIIOKO3bI Ha KAXK/IBIIl MM PT. CT. PA3BUBAEMOTO Jie-
BBIM JKEJTYIOUKOM Ccep/Iiia Bo3pacrtaso Ha 15,5%, uepes
7 cytok — Ha 21%, a yepe3 mecsiip — Ha 33%.

3axiaoueHue

Taxum 06pa3oM, BbISIBJEHHOE BPEMEHHOE Pa3Jii-
Y1e CUJIOBBIX M CKOPOCTHBIX MTAPaMETPOB COKPAIICHUSA
MHUOKap/a, yTeuku (hepPMEHTOB B KOPOHAPHBIH MTPOTOK
U YTUJTU3AIIUH TJIFOKO3bI MUTOXOH/IPUSIMU MOKET OBITh
06YCIIOBJIEHO PA3JIMYHBIM 110 BPEMEHU BJIMSIHUEM Ha
MHUOKap/l TATOTeHHBIX (DAKTOPOB MAHKPEATOTEHHOTO U
HelaHKpeaToreHHoro npoucxoxaennd [12]. Ha nam
B3TJISA/I, BAKHEHIIUME MATOTCHETHYECKUMU (haKTopa-
ME (DYHKIIMOHAIBHO-META00IMUECKIX TTOBPEKIEHNUI
cepaia ¢ (GOPMHUPOBAHUEM JIJIUTEIBHOW KapAuojie-
MPECCUU SIBJISTIOTCST THITOKCHSI, IECTPYKIINST MeMOpaH
KapZIHOMUOIMTOB, HAPYIIeHHe OMOIHEPTETUKI BCJIE/-
CTBME MUTOXOHIPUAIBLHON MUCHYHKIINHU, a TaKKe —
SHJIOTOKCEMUSI U aKTHBAIUST TIPOIIECCOB CBOOOIHO-Pa-
JMKAIbHOTO OokucaeHud [12, 14]. 9tu dakropsr 1 ux
HETaTUBHOE BJIUSIHUE HA cepjiiie ObLIN yCTAaHOBJIEHDBI
GJraroziapst OIleHKe U30JIMPOBAHHOTO BJIUSTHUST KOMIIO-
HEHTOB KPOBM KPBIC C OCTPBIM JICCTPYKTUBHBIM ITaH-
KpeaTuTOM Ha MHTAKTHbIE cep/ilia. BeposaTHO, BIusSHIE
Pa3JIMYHBIX [ATOTEHHBIX (hPAKTOPOB Ha MeTabOJM3M U
CTPYKTYPHYIO IIEJIOCTHOCTh KAPANOMHUOIIUTOB CO Bpe-
MEHEM HE YMEHBIIAETCs], a IPUOOPETAET HOBbIE KOJIV-
YeCTBEHHbIE W Ka4eCTBEHHbIE MposiBieHus. B momod-
HEHUE K W3BECTHBIM MEXaHM3MaM, OKa3bIBAIOIINM
MOBpEsKAAIONIee JACHCTBIE HA MHOKAp/ TIPU OCTPOM
Pa3BUTUH BOCIIATICHUS MTO/KETYI0YHOM JKeJIe3bl TPH-
COCIMHSTIOTCS HOBBIE TTATOTeHHBIE (DAaKTOPBI, TAKKE KaK
AyTOMMMYHHAs BTOPUYHAS aJIBTEPAINS U Pa3pacTaHue
coeuHUTEIbHON TKaHu [17].

of cardiomyocytes have not been reduced during the
time, however, new quantitative and qualitative
manifestations are observed. In addition to known
mechanisms of myocardium damage in rats with
induced acute pancreatitis, novel pathogenic factors
such as autoimmune secondary alteration and con-
nective tissue proliferation have been added [17].

Our study revealed the regularities in power
and rate parameters in isolated isovolumic heart in
rats under permanent monitoring of the main
parameters of heart function during prolonged
time frame following modeling of acute destruc-
tive pancreatitis.

The shifting of key pathogenetic factors effecting
the cardiac tissue was registered. In acute pancreatitis.
the signs of cardiomyocyte alterations by aggressive
pancreatic enzymes, a myocardial depression factor,
and toxins initially prevailed. Hypoxic damages and
inflammation lesions of vascular wall manifested in
excessive proliferation of the connective tissue cells in
the myocardium seem to play a dominant role in acute
pancreatitis [12, 17]. Then, the changing the domi-
nant dysfunction of myocardium in early acute
destructive pancreatitis to systolic dysfunction
occured, that could be considered as a consequence of
a later inflammation within the pancreas. However, if
the diastolic dysfunction was mainly associated with
damage of calcium pumps and imbalance in the system
of pro- and anti-oxidants [17, 18], the cause of systolic
dysfunction appeared to be alterations in oxidation-
reduction processes stipulating the inefficient metab-
olism of glucose as an energy substrate.

B xo0j1€ IPOBEIEHHOTO UCC/IEI0BAHNST OBLIH BbI-
SBJIEHBI 3aKOHOMEPHOCTH WM3MEHEHUS CHUJIOBBIX M
CKOPOCTHBIX MapaMeTpoB PabOThl M30JUPOBAHHOTO
M30BOJIIOMUYECKU COKPAIIAIOIIETOCs CePAIla KPbIC ¢
KOHTPOJIEM OCHOBHBIX TapaMeTPOB €To (hyHKIIMOHMU-
POBaHUA ¥ y4eTa JAaBHOCTU MOJIETUPOBAHUS OCTPOTO
JIECTPYKTUBHOTO TTAHKPEATUTA M CTAJUU €TO Pa3BU-
tug. OTMeueHa cTafiniiHas CMeHa KJII0YEBbIX TaTore-
HeTHYecKnX (haKTOPOB, BO3IEHCTBYIONINX HA CEPAEY-
HyI0 TKaHb. B mepmojp OCTporo BOCHAJEHUS
MPEBAIMPYIOT MPU3HAKK AJIBTEPATUBHOTO TIOBPESK/IC-
HUST KapAUOMUOIUTOB arpeCCUBHBIMI KOMIIOHEHTA-
MU — MaHKpeaTnyecKuMu hepMeHTamMu, (HhaKTopoM
JerIpeccuu MUOKap/a, TOKCUHAMU, B IEPUOJL JKe XPO-
HU3AIUU TIPOTIeCca B TTO/IKEIYI0OUHON JKesie3e MpeBa-
JIIPYIOIYIO POJIb TIPHOOPETAIOT THIIOKCUYECKHE TI0-
BPEXKICHUA W  BOCHAJUTEIBHOE  TOpPaKEHUE
COCYIHICTOI CTEHKH, PEATH3YIONIHECS] B U30BITOYHOM
paspacTaHUM COEJIMHUTENBHON TKAaHU B MHUOKAp/IC
[12, 17]. OTMeuena xapakTepHasi CMeHa MTPEBAJINPO-
BaHUs [UACTOJIMYECKON AUCHYHKIIMM MUOKapaa Ha
PaHHUX CPOKAX OCTPOTO JIECTPYKTUBHOTO TTAHKPEATH-
Ta HA CUCTOJIMYECKYIO AUCHYHKIHIO, HAOIIOIAEMYIO
Ha MO3/IHUX CTAUSAX PA3BUTHUS BOCHATIEHUS B ITOIKE-
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OPTAI‘MHQ.AI)HBIC MCCACAOBAHMI

JaynouHoil kesnese. [Ipu atom, ecan nuactosmyeckast
MuchyHKIUSA B OCHOBHOM CBSI3aHA C MTOBPEKICHUEM
KaJIbI[HEBBIX HACOCOB U JIUCOAIAHCOM B CUCTEME ITPO-
n aaTrokcuzanTos [18, 19], To npuunHoii cuctomm-
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