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Abstract. Background. Actuality is determined by understudied fibrinolytic reactions in case of diabetes mellitus
(DM) with acute peritonitis (AP) which is to be found in practice more frequent. The purpose of the study was to
investigate the features of fibrinolytic activity in AP developed on the background of DM. Materials and methods.
100 albino outbred rats. AP was simulated through the esophageal perforation of the stomach. DM was modeled
by the 1.6% alloxan solution injection. During the study, total (TFA), non-enzymatic (NFA) and enzymatic fibrinolytic
activity (EFA) of the blood plasma was studied. The animals were divided into such groups: 1 — intact animals
with AP models; 2 — animals with models of AP and underlying DM. Results. The activity of fibrinolysis in animals
with DM models was higher than that of intact animals. Six hours after the AP have been induced, the fibrinolytic
activity increased. There was a less augmentation in group 1. TFA, NFA and EFA in group 2 sharply increased
and prevailed significantly in 12 hours. EFA significantly increased in group 1. NFA/EFA ratio was decreasing in
both groups. TFA in group 1 slightly increased in 24 hours. All of the indicators in group 2 increased significantly.
While the ratio of NFA/EFA in group 1 was increasing, in group 2 it was decreasing. TFA and NFA/EFA ratio in
group 1 remained more or less constant in 48 hours. The parameters of TFA, NFA and EFA statistically significantly
predominated in group 2, and EFA continued to grow. Conclusions. The increase in the fibrinolytic activity of the
blood plasma with the fermentation mechanisms predomination have been found in experimental diabetes mellitus.
The activation of fibrinolysis with balance maintenance between its links within 24 hours has been observed in case
of experimental acute peritonitis. In 6 hours, the development of acute peritonitis in animals with simulated diabetes
mellitus differs substantially in terms of its quantitative characteristics of the fibrinolytic activity of the blood plasma,
which is shown by its excessive increase, development of imbalance between the links of fibrinolysis, uncontrolled
increase in the activity of fermentation mechanisms with disseminated intravascular coagulation syndrome in 24
hours. The basis for the differences that have been detected are the changes in the functional activity of the fibri-
nolytic system caused by diabetes mellitus influence that, in addition to changes in the hemostasis system, provide
the grounds for disorders of mechanisms of activation, migration and interaction of effector cells, processes of
proliferation, etc.

Keywords: diabetes mellitus; peritonitis; comorbidity; fibrinolytic system

Infroduction

The incidence of diabetes mellitus (DM) is con-
stantly growing all over the world in recent years [1, 2].
The number of patients with acute peritonitis associa-
ted with DM is constantly growing [3] respectively. The
mechanisms of development of such comorbid patho-
logical state are still unrevealed. In addition, the chan-
ges of fibrinolytic system (FS) have not been studied yet.
The importance of such researches is stipulated by the
role of FS components within the inflammation pro-

cess development, peritonitis in particular [4—6]. The
FS activity changes are an integral part of mechanisms
of DM development at the same time [7, 8]. Therefore,
the investigation of FS reactions within acute peritoni-
tis developing against the ground of diabetes mellitus
appears to be rather topical.

Objective of the study — to study the features of
changes in the fibrinolytic activity of blood plasma wit-
hin acute peritonitis developing against the ground of
diabetes mellitus.

© «International Journal of Endocrinology», 2017
© Publisher Zaslavsky O.Yu., 2017
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Materials and methods

The research has been carried out on 100 albino out-
bred rats, with the weight of 180 to 200 g. The animals
were divided into 2 groups, each of the group consisted of
50 rats. The first group was formed by intact animals. The
second one — animals with simulated DM. 40 animals of
each group had medically induced peritonitis.

Peritonitis was simulated according to the common
method through the esophageal perforation of the sto-
mach with the help of a special device [9]. DM was simu-
lated by subcutaneous introduction of 1.6% aloxane so-
lution on distilled water in the dose of 16 mg per 100 kg
of mass [10]. The main criterion of DM was the blood
glucose presence within the range of 5.39 & 0.25 mmol/1
(in intact animals 3.21 = 0.53 mmol/l, p < 0.01). Perito-
nitis was induced approximately 3 months after diabetes
had been simulated. Before modeling peritonitis, as well
asin 6, 12, 24, 48 hours from the moment of its induce-
ment, blood was taken for analysis.

While carrying out the study the researchers kept
to the basic guideline of Vancouver Convention (1979,
1994) concerning biomedical experiments. The ani-
mals were taken out of the experiment by decapitation.
All manipulations were performed under the sevorane
anesthesia. The Bioethics Committee of HSEE of
Ukraine “Bukovinian State Medical University”, the
Ministry of Public Health of Ukraine found the work
to be done according to the basic moral and legal
principle while conducting the clinical-experimental
medical research.

Total fibrinolytic activity (TFA), non-enzymatic
(NFA) and enzymatic fibrinolytic activity (EFA) of
blood plasma that determined by the level of azofibrin
lysis by O.L. Kukharchuk method were studied [11].

The hypothesis of normal data distribution (Gaussian
distribution) was tested in selections by Shapiro-Wilk
criterion. Verification of the hypothesis of average data
equality was carried out by Wilcoxon and Mann-Whit-
ney-Wilcoxon criterion. The results of the study were
statistically processed by the Microsoft® Office Excel
(build 11.5612.5703) tables and programs for statisti-
cal calculations Statgraphics Plus 5.1 Enterprise edition
(®Statistical Graphics corp. 2001).

Results

The activity of all fibrinolysis elements with simu-
lated DM statistically significantly prevailed over
those of the intact animals. To our mind, increase of
plasma fibrinolytic activity could be compensatory in
nature underlying hypercoagulation commonly found
in DM [12].

In 6 hours since peritonitis was modeled, FA star-
ted increasing in both animal groups. However, all of
TFA (fig. 1), EFA (fig. 1) and NFA in group 1 were
increasing statistically significantly. Whereas group 2
was affected by a minor increase, this was probably
due to the high baseline. FA was increasing in group 1,
mainly at the expense of EFA (fig. 4). The interac-
tion between different fibrinolysis bars in group 2 was
mainly not changed.

In 12 hours FA of plasma was increasing. The parame-
ters of all TFA indicators in group 2 increased statisti-
cally significantly and prevailed predominantly. There
was a meaningful increase of EFA in group 1. The ratio
between EFA and NFA decreased in both groups. Such
dynamics is indicative of an increasing activity of the
fibrinolytic system with the fermentation mechanisms
predominance in response to peritonitis progression.

Table 1. Initial fibrinolytic activity (E440/ml/h) of blood plasma of experimental animals

Animal groups Total

Non-enzymatic Enzymatic

Intact 0.097 = 0.007

0.051 + 0.003 0.045 + 0.003

Diabetes mellitus 0.137 = 0.008*

0.071 + 0.004* 0.066 + 0.004*

Note: * — validity coefficient P < 0.01 (only statistically significant differences are given).
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Figure 1. The dynamics of total fibrinolytic (E440/ml/h) blood plasma activity of experimental animals
in the process of peritonitis development

Note: * — validity coefficient P between adjacent groups < 0.05; ** — < 0.01; + — validity coefficient between
adjacent terms of observation < 0.05; ++ — < 0.01 (only statistically significant differences are given).
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Figure 2. The dynamics of non-enzymatic fibrinolytic activity (E440/mi/h) of blood plasma of experimental
animals in the process of peritonitis development
Note: * — validity coefficient P between adjacent groups < 0.05; ** — < 0.01; + — validity coefficient between
adjacent terms of observation < 0.05; ++ — < 0.01 (only statistically significant differences are given).
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Figure 3. The dynamics of enzymatic fibrinolytic activity (E440/ml/h) of blood plasma of experimental animals
in the process of peritonitis development

Note: * — validity coefficient P between adjacent groups < 0.05; ** — < 0.01; + — validity coefficient between
adjacent terms of observation < 0.05; ++ — < 0.01 (only statistically significant differences are given).

In 24 hours FA of plasma increased significantly.
Whereas in group 2 the activity of fibrinolysis increased
statistically significantly. At the same time, the ratio be-
tween EFA and NFA was increasing in group 1 showing
the non-enzymatic mechanisms of fibrinolysis predomi-
nance. In group 2 the ratio decreased being indicative of
the fermentation fibrinolysis activation.

-e- 1 group =-o- 2 group

1.16

1.08
1.04

Output 6 hours 12 hours 24 hours 48 hours

data

Figure 4. The dynamics of ratio of non-enzymatic
and enzymatic fibrinolytic activity of blood plasma
of experimental animals in peritonitis development

In 48 hours FA plasma and the ratio of different fi-
brinolysis elements did not change. The parameters of
EFA, NFA and TFA in group 2 statistically significantly
prevailed and the activity of fermentation fibrinolysis
continued to increase.

Discussion

FA decrease is considered to be the characteristic
of DM [13, 14]. However, patients in clinics receive
the treatment which is intended to correct the glucose
level, in particular insulin, which causes FA suppres-
sion being associated with the activation of contrinsu-
lar mechanisms [15]. Taking into account a regulatory
role of the fibrinolytic system in the implementation
of protective function against inflammation [16], the
identified FA of plasma increase in animals with DM
models can be considered as one of the most impor-
tant features changing peritonitis development. Such
changes can occur through the influence of the fi-
brinolytic system factors on the proliferation mecha-
nisms, which interrupt the processes of the inflamed
place [6] delimitation as well as the influence on ac-
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tivation factors and cells migration — inflammation
effectors [17, 18].

The increase of FA of plasma in case of peritonitis is
a natural process, which is caused by different factors,
among which are components of the complement and
calicreatin-kinin system, immune complexes, growth of
the activity of the coagulation system, etc. [5, 19, 20]. At
the same time, in addition to hypercoagulation changes
compensation, the important mechanisms of inflam-
mation progress are associated with the fibrinolytic ac-
tivation. Plasma activates growth factors, C8 — a com-
plement fraction [1, 16]. Direct plasmin effect on the
endothelium improves the cells migration, effectors of
inflammation in the place [21], and the products of en-
zymatic degradation of fibrin are the activators of immu-
nocompetent cells and chemoattractants and they can
play the role of opsonins [16]. Thus, the lack of proper
enzymatic fibrinolysis activation in animals with DM
models in 6 hours after peritonitis inducement serves as
a precondition to regulate disorders of the inflammatory
process.

Further peritonitis progress is provided with a grow-
ing activation of the fibrinolytic system. The predomi-
nant growth of EFA in animals with DM models is in-
dicative of high plasminogen activity and its activators
and a significant level of plasmin in blood plasma [22].
The liver, bone marrow and kidneys [16] are known to be
one of the most significant physiological sources of plas-
minogen. Their functions are affected in DM cases [1,
2], moreover, they are affected even more in peritonitis
cases because of toxic damage [3, 6]. The study enables
us to suggest, that a high level of EFA in group 2 is due to
the initiation of other plasminogen donators, activated
leukocytes, endothelial cells, microorganisms, broken
tissues, etc. A high level of EFA in group 2 contribute
to a significant number of circulating activators of plas-
minogen of different origin — blood, tissue, endothelial,
bacterial, etc [23—25].

FA of plasma was increasing during 24 hours in group
1, mainly, due to the non-enzymatic factors. Taking into
account a direct connection between NFA level and the
amount of thrombin [26, 27], it may be interpreted as the
consequence of coagulation system activation, which is
aimed at restraining and delimiting the inflammatory
process in the peritoneal cavity. It can explain a slight in-
crease of EFA as well.

A significant increase of NFA in 24 hours in group 2 is
indicative of hypercoagulative changes in blood [16, 27],
whereas a significant increase in FFA level is indicative
of the development of the initial stage of disseminated
intravascular coagulation syndrome [28]. Considering
the duration of peritonitis which causes disorders of the
liver functions, being the main source of factors and in-
hibitors of EFA, such EFA increase also confirms the de-
velopment of unlimited fibrinolysis, which has the nature
of a cascade of autocatalytic progressive reactions.

The absence of significant changes in the indica-
tors studied in group 1 in 48 hours is evidenced by the
balance between the coagulation and anti-coagulation
systems, on the one hand, and by the functional stabi-
lity of factors — regulators of fibrinolysis, on the other.

The superiority of EFA is being observed at the same
time, which might be the first sign of imbalance of the
fibrinolytic system. The reduction of NFA parameters in
group 2, which is indicated by decrease of the thrombin
content, is a sign of development of disseminated in-
travascular coagulation syndrome against the ground of
FFA increase [28], occurrence of the syndrome disturbs
the functioning of organs and tissues, liver and visceral
peritoneum in particular, which represent antiproteina-
se barrier [16, 22]. On this background, the plasmin of
plasma, which is known to be a major factor of enzymatic
fibrinolysis, easily goes into the tissue, in particular, into
the peritoneum, which leads to disorders of proliferation
processes, resulting in unrestrained spread of inflamma-
tion in the peritoneal cavity.

Conclusions

1. The increase in the fibrinolytic activity of blood
plasma with the fermentation mechanisms predomination
have been found in experimental diabetes mellitus case.

2. The activation of fibrinolysis with balance main-
tenance between its links within 24 hours has been ob-
served in experimental acute peritonitis case.

3. In 6 hours, the development of acute peritonitis in
animals with simulated diabetes mellitus differs substan-
tially in its quantitative characteristics of the fibrinolytic
activity of plasma blood, which is shown by its excessive
increase, development of imbalance between the links of
fibrinolysis, uncontrolled increase of the activity of fer-
mentation mechanisms with disseminated intravascular
coagulation syndrome in 24 hours.

4. The basis of the differences that have been detec-
ted are the changes in the functional activity of the fibri-
nolytic system caused by diabetes mellitus influence that,
in addition to changes in the hemostasis system, provide
the grounds for disorders of mechanisms of activation,
migration and interaction of effector cells, processes of
proliferation, etc.
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BUBYEHHS 0COO0JMBOCTEN (hiOpUHOJITUYHOI aKTUBHOCTI MPU
I'T1, o po3BuBaeTbes Ha i LIJI. Mamepiasu ma memodu.
100 6inmx HemiHitHMX 1rypiB. ['T1 MomemoBamM Yepe3cTpaBo-
XimHoto nmepdopaliieto nutyHka. LIJI MmomentoBany yBeAeHHSIM
1,6% po3uuny ajokcaHy. BuByanu cymapHy iOopuHOIiTHY-
Hy aktuBHicTh (CDA), HedbepmenTaniiiny (HPA) ta dep-
MeHTaliiiny (ODA) GiOpUHOMITUIHY aKTUBHICTH TIa3MU
KpoBi. TBapuHu Oy/v noaiieHi Ha rpynu: l-1ma — iHTaKTHi
TBapuHu 3 mozensimu I'Tl, 2-ra — TtBapunu 3 moaeasamu ['TI
Ha i UJ. Pesyabmamu. AKTUBHICTh (hDiOPHUHOJII3y B TBAPUH
i3 Mmonenssmu L1 nmepeBaxasa Taky B iHTakTHUX. Yepes 6 Tof
3 yacy MozentoBaHHs [Tl ¢pibpuHOMITUUHA aKTUBHICTb 3pOC-
Tana. Y 1-it rpyni npupict 0yB MmeHmnM. Yepes 12 rog CDA,
H®A i ®DA y 2-ii rpy1i pi3ko 301IbITMINCS | 3HAYHO TIepe-
Baxkanu. Y 1-i rpymi 3Hauynie 36iapmmnacsg ODPA. CriBBin-
HomeHHsT HOA/DDA 3HuxyBanoch y 06ox rpymax. Yepes
24 ron CDA y 1-it rpymi He3HayHO 3pocia. Y 2-ii rpymi Bei
MMOKA3HUKH icTOTHO 30inbimuincs. CriBBigHomeHHss HDA/
DDA y 1-1 rpymi 3pocTaiio, a 'y 2-i TpyITi 3HHXKYBajaoch. Ye-
pe3 48 rog CDA i cniBBinHoieHHss HOA/DDA y 1-it rpy-
i MPaKTUYHO He 3MiHWINCh. Y 2-i rpyni mapametpu CDA,

lpuHYyk @.B., IoyH4yk A.@., Makcumiok B.B.

H®A i DA cratucTMyHO 3Hauyine nepeBaxanu, a DA
MpOAOBXYBaja 3pocTaTu. Bucnoexu. [1pu ekcriepuMeHTalIb-
Homy LIJI BUSIBIIEHO 3pOCTaHHS aKTUBHOCTI (hiOpUHOII3Y 3
nepesaroi ¢GepMeHTaliiHUX MexaHi3MmiB. [lpu ekcnepu-
MmeHTabHOMY [Tl cniocrepiraeTbest akTuBallist (piOpUHOI3Y
3i 30epekKeHHSIM PiBHOBAru MiX MOro JlaHKamMu BITPOIOBXK
24 ronuH. PosBurok I'Tl y TBapuH 3 monensimu L1J1 Bxxe de-
pe3 6 TOOWMH CYTTEBO BiAPi3HSETHCS KiUTbKICHUMU XapaKTe-
pUCTUKaAMU (PiOPUHOJITUYHOT aKTUBHOCTI IJIa3MU KPOBI, 1110
TIPOSIBIISIETHCS 11 HAAMIPHUM 3POCTaHHSIM, PO3BUTKOM JUC-
OamaHcy MiX JaHKamu (iOpUHOJIZY, HEKOHTPOJIbOBAHUM
HapoctaHHsIM DP®DA 3 03HAKaMU BUHUKHEHHSI CHUHIPOMY
NCEMiHOBAaHOTO BHYTPIITHbOCYIMHHOIO 3rOpTaHHS KpPOBi
yepe3 24 roguHu. [TinIpyHTSIM BUSBICHMX BiIMiHHOCTEH €
3MiHU (PYHKIIOHAJIBHOI aKTUBHOCTI (hiOPUHOJITUUHOI CUC-
TeMu, 3yMoBJieHi BrjinBoM LIJI, 1110, OKpiM 3MiH y cUCTeMi
reMocCTa3y, CTBOPIOE MIEPEeyMOBH JUTS MOPYIIEHb MEXaHi3MiB
aKTUBallii, Mirpaiiii Ta B3aeMoiii e(heKTOPHUX KIIITUH, TPO-
11eciB mpoutidepaliii TouIo.

KiouoBi ciioBa: 1ykposuii miaGer; MmepuTOHIT; KOMOPOia-
HiCTb; piOpUHOJITUYHA CUCTEMA

BbicLuee rocyaapcTBeHHOE yHebHOe 3aBeAeHME YKOQWHBI «BYKOBUHCKM rOCYAQPCTBEHHbIVI MEAVNLIMHCKNM YHUBEPCUTET?,

r. YepHoBLpbl, YkpauHa

CpPABHUTEABHAS XOPAKTEPUCTUKA AKTUBHOCTU GUBPUHOAU3A
B YCAOBUSIX OKCMEPUMEHTAABHOTO NE€PUTOHUTA
1 ero pasBuTUs Ha GOHE CAXAPHOro Auadeta

Pesome. Axmyasvnocms 00ycioBIeHa HEZOCTATOYHBIM
U3YyYeHUEM COCTOSIHUSI (DUOPUHOIUTUUYECKUX PeakKLUil mpu
coyetaHuu caxapHoro nuabera (CIl) ¢ ocTpbIM MEPUTOHU-
toMm (OIT), koTOopoe Bce uaiie ciryyaetcst B mpaktuke. Ileas
uccaedosanus: 3ydyeHue ocoOeHHocTell (GuopuHOIUTHYE-
ckoit aktuBHoctu nipu OI, pasBuBatomiemMcst Ha ¢oHe CII.
Mamepuaavt u memooot. 100 6enbIx HeTMHEWHBIX Kpbic. OTT
MOIETUPOBAIN YPE3MUILIEBOTHON Tepdopammeit Xemynka.
CI1 monmenupoBaiu BBeneHueM 1,6% pacTBopa ajulIOKCaHa.
Wzyyanun cymmapHylo (GUOPMHOIUTUYECKYIO aKTUBHOCTb
(CDA), nedepmenranmmonnyo (HPA) u depmeHTaIImoH-
Hyto (PDPA) GUOPMHOIUTUYECKYIO aAKTUBHOCTH TUIA3MBbI
KpoBU. ZKMBOTHBIE OBUIM pa3feeHbl Ha IPYMIbL: 1-s1 — UH-
TaKTHbIE XUBOTHBIE ¢ MoaensiMu OIl, 2 — XUBOTHBIE C MO-
nensimu OI1 Ha poHe C/I. Pezyabmamot. AKTUBHOCTb (PUOpU-
HOJM3a y XUBOTHBIX ¢ Mofensmu CJI mpeBbliana TaKOBYIO
y MHTaKTHBIX. Yepe3 6 4 ¢ MoMmeHTa mMoaenupoBanus OIl
GubpruHOIUTHYECKAs aKTUBHOCTb Bo3pacTtaia. B 1-ii rpymrie
mpupocT 6511 MeHbIne. Yepes 12 u COA, HOA u DA Bo
2-i TpymIe pe3Ko yBeIUIWINCh U 3HAUMTEIbHO Mpeobiana-
. B 1-it rpynmne 3Haunmo yBeanumiaach @DA. CooTHole-
Hue HOA/DPDA cHukanock B obenx rpymnmax. Yepes 24 g
COA B 1-ii rpymire He3HAYUTEIBHO BBIpocia. Bo 2-if rpymme
BCE MOKAa3aTesu CYIIeCTBEHHO yBeanuminch. CooTHOIIEHUE
H®A/DDA B 1-i1 rpymiie Bo3pacTtano, a Bo 2-ii TpyIme —

cHrxanoch. Yepes 48 4 CDA u cootHomeHrue HOA/ DDA
B 1-1i rpyrnne npakTuyecku He U3MeHuIuCh. Bo 2-ii rpymre
mapameTpbl COA, HOA u DA craTUCTUIECKU 3HAYMMO
npeobaanaiu, a DDA npomoskana pactu. Boteoodst. I1pu ox-
criepuMeHTaabHOM CJI BBISIBIEHO MOBBIIIEHUE aKTUBHOCTU
(ubpuHonM3a ¢ npeobaasaHueM HepMEHTALMOHHBIX MeXa-
Hu3MoB. [Ipu saxcniepumenTansioM OI HaGmOMaeTCs aKTH-
Balvsi GUOPUHOIM3A C COXPAHEHUEM PABHOBECUS MEXKITY €T0O
3BeHbsIMU B TeueHue 24 yacos. Pazsutue OIl y XKMBOTHBIX
¢ momensimu CJI yxe yepe3 6 4acoB CyNIECTBEHHO OTJIMYA-
€TCSI TI0 KOJIMYECTBEHHBIM XapaKTepucTukaM (hudopuHoIU-
TUYECKOM aKTUBHOCTH TUIa3Mbl KPOBU, UTO MPOSIBIISIETCS €€
Ype3MEepHbIM YBEJIMUEHUEM, Pa3BUTHEM AKcOamaHca MEXIY
3BEHBbSIMU (PUOPUHOIM3a, HEKOHTPOJIMPYEMBIM HapacTaHM-
eM ODA ¢ npuszHakaMu BOBHUKHOBEHUSI CUHAPOMA HCCe-
MUHUPOBAHHOTO BHYTPUCOCYIMCTOTO CBEPTHIBAHUS KPOBU
yepe3 24 yaca. OCHOBOI BbISIBJICHHBIX Pa3Iuduid SIBJISIOTCS
U3MeHEeHUsT QYHKIIMOHAIBHON aKTUBHOCTU (DUOPUHOIUTHU-
YEeCKOii cucteMbl, 00ycnoBieHHble BiusHuem CJI, uto, Kpo-
Me U3MEHEHUI B CUCTeMe reMOCTa3a, CO31aeT MPEeANOChUIKA
IUTST HApYIIEHW MeXaHM3MOB aKTUBAILIMU, MUTPAIlUK U B3a-
nMoaeiicTBus 3(PhHEKTOPHBIX KIETOK, MPOIIECCOB MpoHde-
pauuu u ap.

KiioueBble cl10Ba: caxapHblif 1MabeT; MEPUTOHUT; KOMOD-
OMIHOCTD; (PUOPUHOIUTUYECKAS CUCTEMa
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