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THE SIGNIFICANCE OF PROTEOLYTIC ACTIVITY OF INTESTINAL
WALL TISSUES FOR THE SUTURED AREA HEALING UNDER THE
CONDITIONS OF ANASTOMOTIC LEAKAGE DEVELOPMENT

3HAYEHHS TPOTEOJIITUYHOI AKTUBHOCTI TKAHUH KAIIKOBOI CTIHKH JIJISI 3ATO-
€HHJA 30HU 3°€JHAHHS 3A YMOB PO3BUTKY HECITPOMOKHOCTI AHACTOMO3IB

Pe3rome. Meta g0CIiIPKEHHST — BUBUUTH BIUIMB CIICIIM(IYHUX 3MiH MPOTEONITHYHOI Ta (hiOPUHOIITHYHOI aK-
THBHOCTEW TKaHWH KHIIKU O€3II0CepeTHRO B MUISHIN 3’ €JHAHHS Ha pereHepaTOpHi BIACTUBOCTI aHACTOMO3iB
332 YMOB PO3BUTKY iX HeCIIpoMoxHOCTi. MeToau. Ha Mosemni HecripoMOYKHOCTI KUIIKOBUX IIBIB Y 72 eKCIepH-
MEHTAJILHUX TBapUH JIOCIIIPKEHO 3MiHU MMOKA3HUKIB POTEOIi3y, CyMapHOi, He)epMEeHTaTUBHOI Ta (hepMeH-
TaTUBHOI (hiOPUHONITUYHOI aKTUBHOCTI 3’ €JHAHNX TKaHWH KUIIOK. Pe3ynbraTn. BetanoBneHo, o mifBuIeHa
(hiOpHUHOTITHYHA Ta MPOTEOTITHYHA aKTUBHICTh TKAHWH KUIIOK MOKe OyTH OTHUM 13 MeXaHi3MiB ITOPYIIEHHS
MepBUHHO]T (010JI0Ti1YHOT) TepMETHIHOCTI JTiHii mBiB y panHi TepMinu (12-24 rox.). Y mi3nHimn tepminu (24-72
rojl.) HagMipHa aKTUBamig epMeHTaTUBHOTO (piOpHHOMI3Y Ta Aerpajanii KojareHy HoeIHyBai1ach 3 TicToJo-
TYHAMHU O3HAKaMU HaaMipHOI HEHTpodibHOI Ta TuTa3MOIUTapHOi iHGIIFTpalii, BEHOZHOTO MTOBHOKPIB’S Ta
KPOBOBHJIMBIB, 1110 MOIIUPIOBAIKCS Ha BC1 Mapy KUIIKOBOI CTiHKH. Taka KoMOiHaIlis 3pOCTaHHS AECTPYKTHB-
HUX MPOLECIB 3 BACHAXCHHSIM CHUCTEM 3aXHCTy MOXe OYTH B OCHOBI ITOPYIICHHS pereHeparlii 30HU 3° € THaHHsI

3 BUHUKHEHHSIM HECTIPOMOKHOCTI IIBIB.

Kuarouogi ciioBa: npoteoutis; GpiOprHOII3; pereHeparlis; HECIIPOMOXKHICTh KUIIKOBUX IIBIB; €KCTIEPHMEHT.

Despite the reduction of share of full-size operations
in abdominal surgery, intestinal sutures insufficiency
(IST1) continues to be quite serious complications after
operations on the hollow digestive organs. The fre-
guency of the onset of ISl is variable with range 3,8-
8,1 % and depends of type of surgery according ur-
gency, region of digestive tract and technical condi-
tions of intervention [1, 2]. The mortality rate after
formation of colorectal anastomosis is up to 22 % [3].
The unsatisfactory results of treatment of this poly-
ethiological complication are largely associated with
an insufficient study of all its pathogenetic aspects
[4]. In existent researches a great attention deals to
study and modification the risk factors of anastomotic
leakage, such as nutrition disturbances, smoking, ster-
oids and chemotherapy, duration of surgical treat-
ment, volume of infusion and blood transfusion etc
[5, 6]. It has been proved a significant influence of
tissues ischemia, kind of suture material and technical
approach on process of healing the intestinal anasto-
mosis [7]. Success of the last one provides by sup-
porting of conditions to optimal regeneration of su-
tured tissues. It is known [8] that primary biological
leak-resistance of sutures on the hollow digestive or-
gans is provided by the formation of fibrin on the se-

rous membranes at the place of their connection. Fur-
thermore, the tissue fibrin network is a matrix for fi-
broblasts that stimulates their growth and synthesis of
the collagenous fibers, contributing to an optimal
healing of the suture line [9]. Blood supply, bacterial
contamination and adequate load of suture line make
a significant influence on regeneration of sutured tis-
sues of intestine [7]. Speed of regeneration depends
on the processes of formation and destruction of the
connective tissue controlled by the activity of the pro-
teolytic, fibrinolytic, pro- and antioxidant systems.
Individual papers are partially devoted to a study of
the some biochemical processes in the tissue of the
hollow organs of digestion [3, 7]. These investiga-
tions contain scattered data mainly about changes of
biochemical processes in the serum of venous blood
in case of ISI. Based of these data it is impossible to
make convincing conclusions about of the essence of
the changes that occur in site of connected tissues.
Thus, a state of fibrinolytic and proteolytic activities
in tissues of the intestine directly in the region of ap-
plied sutures in case of anastomotic leakage remains
obscure.

Purpose of the research: to study influence of
specific changes of proteolytic and fibrinolytic ac-
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tiveities of intestinal tissues directly into the region of
sutures on regenerative properties of anastomosis un-
der experimental conditions of their leakage develop-
ment.

Material and methods. The experiments have
been carried out on 72 albino nonlinear male rats,
weighting 180+£20g. All the animals underwent a re-
section of the cupula of the cecum with suturing defect
of intestine by means of interrupted stitches (marylon
5-0). ISI was modelled by way of excessive mobiliza-
tion of the area of junction and a rare application of
stitches in the animals of the experimental group. In
12, 24, 48, 72 hours and 5 days following a surgical
interference an euthanasia of the animals was per-
formed under anesthesia and the samples of the intes-
tinal tissue in the region of sutures were taken for spe-
cific tests. The levels of proteolytic activity by the lysis
of: azoalbumin (AA), azocollagen (ACg), azocasein
(ACs) and the indices of fibrinolitic activity: total
(TFA), nonenzymatic (NFA), enzymatic (EFA) have
been researched. Evaluation of reparative processes
of the intestinal wall was performed during micros-
copy of the histological sections of the sutured zone,
stained by hematoxylin-eosin, Van Gison, and
Slinchenko methods. The Statistical pro-cessing of the

investigation results was performed on PC by means
of the application “Primer of biostatistics (Primer of
Biostatistics, 4th Edition, S.A.Glantz, McGraw-Hill).
Data from the groups were compared using Mann-
Whitney ‘s ¢-test. To reject the null hypothesis the sig-
nificance level was used equal to p<0,05. The exper-
iments were carried out with the observance of the
requirements of the European convention as to the
protection of vertebrate animals that are used for ex-
perimental and other scientific purposes (Strasbourg,
1986).

Results of the research and their discussion.
According to the obtained data a reliable steady acti-
vation of tissues proteolysis have been revealed in the
animals of the experimental group in comparison with
the control one (table 1).

So, in 12-24 h. following the operation a reliably
higher activity of lysis of AA, ACs and ACg was de-
tected in the animals of the experimental group
(p<0,001). It‘s testify about increase of proteolytic
modification of the low- and high-molecular proteins.
In particular, the activity of ACg lysis in the animals
of the trial series exceeded twice the control findings
which indicates a deeper degradation of collagen mol-
ecules in investigated tissues. Increased proteolytic

Table 1
Indices of proteolytic activity of the tissues of the rat cecum in the anastomotic region
Indices Intact 12 hours 24 hours 48 hours 72 hours
C E C E C E C E

Azpalbumln 43,80+ | 56,80+ 77,76+ 74,40+ 101,80 83,52+ 114,04 80,08+ 124,96
lysis 1,33 +1,24 +1,47 +1,84
(E440/h x g) 1,27 1,19 - 1,73 . 0,86 e 0,98 o
Azpcollagen 1468+ | 1740+ 31,52+ 18,04+ 55,92+ 32,84 48,24+ 2336+ 46,88+
lysis 1,602 1,602 1,68 0,91
(E440/h x g) 0,92 1,296 e 1,62 e 1,48 . 1,36 .
Azocasein ly- 56,78+ | 81,84+ 106,64 67,00+ 120,00 103,56 116,64 90,20+ 111,84
sis +1,401 +1,77 +1,97 +1,19
(E440/h * &) 1,45 1,54 s 1,84 ] 1,39 - 1,45 s

Notes: C — control; E — experiment; * — P<0,05; ** — P<0,01; *** — P<0,001 - statistical reliable distinctions

Table 2
Indices of fibrinolytic activity of the tissues of the rat cecum in the anastomotic region
Indices Intact 12 hours 24 hours 48 hours 72 hours
C E C E C E C E
I'I'o_tal f_ib_rino- 40,48+ | 5580+ 82,60+ 43,04 86,64+ 48,76+ 80,32+ 45,52+ 83,44+
ytic activity 156 148 1,024 1.99 1,12 197 1,12 219 1,34
(E440/h x g) ) ) ook ) ook ’ dokk ’ dokk
Nonenzymatic
fibrinolytic ac- | 21,20+ | 28,80+ %4539% 22,30+ 4156074; 24,40+ 48%2* 21,96+ 48';‘2*
tivity 1,079 1,29 o 1,64 e 1,035 o 1,19 e
(E440/h x g)
Enzymatic fi-
brinolytic ac- | 19,28+ | 27,00+ 308;5%‘? 20,72+ ‘%ggi 24,36+ 43;3* 2356+ 4(3)@;‘*
tivity 0,64 0,43 osese 0,49 s 0,94 e 1,007 .
(E440/h x g)

Notes: C — control; E — experiment; * — P<0,05; ** — P<0,01; *** — P<0,001 — statistical reliable distinctions
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activity are also contributes to the intensified lysis of
fibrin in the junction area at the expense of a direct
enzymatic action [10].

At this period of observation in the animals with
11S there occurs a proved rise of TFA into serous layer
of intestinal wall, both at the expense of NFA and
EFA (p<0,001) (table 2)

As it is generally known, an activation of the nonen-
zymatic fibrinolysis is a counterbalance of a stress reac-
tion [11]. The formation of the adrenaline-heparin-an-
tithrombin 111 complex, activating plasminogen, contrib-
uting to its transformation into plasmin and splitting of fi-
brin, underlies it. However, such an impetuous and pro-
nounced activation of fibrinolysis in the region of the con-
nection may bring about a disturbance of the primary bi-
ological leak resistance of the suture line, infecting the
thread canal and a penetration of microorganisms out of
the intestinal lumen on their surface.

When analysing the histological sections of the
anastomotic area of the experimental group of ani-
mals it has been revealed more intense neutrophilic
infiltration in the submucosal layer of the intestinal
wall extending to muscle and serous membranes, also
expressed venous plethora and hemorrhages into se-
rous membrane. On contrary the animals of control
group the fibrinous mesh into channel of the thread and
between the serous membranes was not observed. The
formation of loose adhesions with the participation of
infiltrated hyperemic tissues of the omentum, the loops
of the small intestine and the adjacent loops of the large
intestine constituted visual manifestations of primary
biological leakage of a junction zone in all the animals
of the experimental group during this period.

During a later period (48-72 h.) we observed a ten-
dency to rise of the indices of tissue proteolysis, es-
pecially indices of ACg lysis, which were one and a
half time higher than data of the control group. The
long increased degradation of collagen molecules in
tissues of the junction zone on the conditions of in-
sufficient blood supply may be one of the mecha-
nisms of disturbance of regeneration of sutured tis-
sues [10]. An elevation of the tissue fibrinolytic ac-
tivity was detected in the animals with 1S, largely at
the expense of EFA which exceeded twice the control
data. Such an excessive activation of the tissues fibrinol-

ysis at the expense of lysis of the fibrin matrix may cause
a disturbance of the fixation of fibroblasts in the tissues
of the connection area and its regeneration [8, 9].

The histological signs of regeneration disturb-
ances in this period of observation were significant
diastasis between the serous membranes of intestine
touching only in the area of the connected edges of
the mucous membrane, also the diffuse inflammatory
reaction with expressed neutrophilic and plazmocytic
infiltration, edema, plethora and hemorrhages which
spread to all layers of intestinal wall. The constant
signs of tissues necrosis with the advantage of disin-
tegrated neutrophilic granulocytes and lymphoid cells
over macrophages and single active fibroblasts were
reveal around canal of the thread. Thus, prolonged in-
tense degradation of collagen molecules in the sub-
mucous layer of the intestinal wall, which provides
the basic strength of anastomoses may be one of the
mechanisms of disturbances of regeneration of su-
tured tissues in conditions of insufficient blood circu-
lation. Along with it, excessive activation of tissue fi-
brinolysis due to fibrin matrix lysis can lead to a vio-
lation of fixation of fibroblasts in the tissues of the
anastomotic area and its insufficient healing.

Conclusions. In case of intestinal sutures insuffi-
ciency a specific differently directed changes of prote-
olityc and fibrinolytic activities are observed in the tis-
sues of the junction area. In the early terms (12-24 h.)
an increased level of proteolytic and nonenzymatic fi-
brinolytic activity of the serous layer of intestinal wall
may be one of the mechanisms of disturbance of the
primary (biological) leak-resistance of the suture line.
At a later stage (24-72 h.) excessive activation of en-
zymatic fibrinolysis and collagen degradation with
hystological signs of excessive neutrophilic and
plasma cells infiltration, venous plethora, hemorrage
extending to all layers of intestinal wall may contribute
in a disturbance of regeneration of the connection re-
gion with the onset of sutures insufficiency.

Prospects of further research. On the basis of the
last one, we consider it expedient to study correlations
between the biochemical changes and degree of mi-
crobial contamination of the region of the interintes-
tinal connection at the conditions of sutures insuffi-
ciency for the further research.
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3HAYEHUE NPOTEOJIMTUYECKON AKTUBHOCTU TKAHEN KUIIEYHOW CTEHKHU 151
3AKHUBJIEHUSA 30HbI COEJMHEHUSA B YCJIOBUAX PABBUTHUSA HECOCTOATEJIBHOCTHU
AHACTOMO30B

Pe3rome. Llens riccnenoBanus - U3y4UTh BIUSHUE CIIEMUPUISCKIX N3MEHEHHH TPOTEOTUTUIECKON U GUOpH-
HOJIMTUYECKOH aKTUBHOCTEH TKaHEH KHIIKH HENOCPEACTBEHHO B 00ACTH COCIMHEHHs Ha pereHepaTopHbIe
CBOICTBA aHACTOMO30B B YCJIOBUSIX Pa3BUTHs UX HecocToATeIbHOCTH. MeTtoasl. Ha Monenu HecocTosTenpHO-
CTH KHIIIEYHBIX IIBOB B 72 OKCHICPUMCHTAJILHBIX ) KUBOTHBIX MCCICAOBAaHbI N3MCHCHUSA rokasarejiei npoTe-
oIlu3a, CyMMapHOH, He)epMEHTATHUBHOM U ()epMEHTATHBHOHN (PHOPUHOTUTHIECKON aKTUBHOCTH COSTMHEHHBIX
TKaHeW KUIIeUHHNKa. PCSyJII)TaTLI. YCTaHOBHCHO, YTO IIOBBIIIICHHAA (1)I/I6pI/IHOHI/ITI/I‘ICCKaH 1 IIPOTCOJIUTHYCCKAA
aKTHUBHOCTb TKaHEW KUIIEYHHUKA MOXET ObITh OJHUM M3 MEXaHHU3MOB HapylLIeHUs NepBUYHON (Omonorude-
CKOI1) TepMETHYHOCTH JINHUH IBOB B paHHHE cpokH (12-24 4.). B 6onee mo3aaue cpoku (24-72 4.) upe3mep-
Hasl akTUBaLMsl HEPMEHTATUBHOIO (PUOPHUHOIN3A U ACTPafallM KOJIJIAreHa COYETalIach ¢ THCTOIOTMIECKUMU
MPU3HAKAMHU U30BITOYHOTO HEUTPODUILHON U TIIa3MOIUTAPHON HHMUIBTPALIUK, BEHO3HOTO MMOJIHOKPOBHE U
KPOBOM3JIUSHUSA, KOTOPBIE PACIPOCTPAHSIINCH HA BCE CIIOM KUIIEYHOM CTeHKH. Takas KOMOMHAIMS pOCT je-
CTPYKTUBHBIX IPOLECCOB C UCTOICHUEM CHUCTEM 3allIUTBI MOKET 6I)ITL B OCHOBC HAapYyIICHHA pEr¢HEpAllU 30HbI
COEMHEHHSI C BOSHUKHOBEHHEM HECOCTOSITETIbHOCTH I1IBOB.

KiroueBble ciioBa: nporeosns; GuOpHHOIN3; pereHeparys; HECOCTOATENbHOCT KHIIEUHBIX [IBOB; SKCIIEPUMEHT.

THE SIGNIFICANCE OF PROTEOLYTIC ACTIVITY OF INTESTINAL WALL TISSUES FOR
THE SUTURED AREA HEALING UNDER THE CONDITIONS OF ANASTOMOTIC LEAK-AGE
DEVELOPMENT

Abstract. The mortality rate after formation of colorectal anastomosis is up to 22 %. The unsatisfacto-ry results
of treatment of this polyethiological com-plication are largely associated with an insuffi-cient study of all its
pathogenetic aspects. In existent researches a great attention deals to study and modifi-cation the risk factors
of anastomotic leakage, such as nutrition disturbances, smoking, steroids and chemotherapy, duration of sur-
gical treatment, volume of infusion and blood transfu-sion etc. The aim of research — to study influence of
specific changes of proteolytic and fibrinolytic activities of intesti-nal tissues directly into the region of sutures
on regenerative properties of anastomosis under condi-tions of their leakage development. The experiments
have been carried out on 72 albino nonlinear male rats, weighting 180+20g. ISI was modelled by way of
excessive mobilization of the area of junc-tion and a rare application of stitches in the animals of the experi-
mental group. Methods. The changes of indices of proteolysis, total (TFA), nonenzymatic (NFA) and enzy-
matic (EFA) fibrinolytic activities into sutured tissues of bowel were researched on model of intestinal sutures
insufficiency in 72 exper-imental animals. Results. It was detected that increased fibrinolytic and proteolytic
activity may be one of the mechanisms of disturbance of the primary (biological) leak-resistance of the suture
line in the early (12-24 h.) terms. At a later stage (24-72 h.) excessive activation of enzymatic fibrinolysis and
collagen degradation was combined with hystological signs of excessive neutrophilic and plasma cells infil-
tration, venous plethora, hemorrage extending to all layers of intestinal wall. Such combination of rising of
destructive processes with the depletion of protective systems may contribute in a disturbance of regeneration
of the connection area with the onset of sutures insufficiency.

Key words: proteolysis, fibrinolysis, regeneration, anastomotic leak, experiment.
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