Loza Ye. O., Homeluk T. M., Krynytska I. Ya., Hudyma A. A., Marushchak M. I. Study of the intensity of microbial contamination
and nonspecific immunity under the experimental diabetes after using different ways of fixing the wound edges. Journal of
Education, Health and Sport. 2021;11(1): 361-371. el SSN 2391-8306. DOI http://dx.doi.org/10.12775/JEHS.2021.11.1.036
https://apcz.umk.pl/czasopisma/index.php/JEHS/article/view/JEHS.2021.11.1.036

https://zenodo.org/record/5176806

The journal has had 5 points in Ministry of Science and Higher Education parametric evaluation. § 8. 2) and § 12. 1. 2) 22.02.2019.
© The Authors 2021;
This article is published with open access at Licensee Open Journal Systems of Nicolaus Copernicus University in Torun, Poland
Open Access. This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium,
provided the original author (s) and source are credited. This is an open access article licensed under the terms of the Creative Commons Attribution Non commercial license Share alike.
(http://creativecommons.org/licenses/by-nc-sa/4.0/) which permits unrestricted, non commercial use, distribution and reproduction in any medium, provided the work is properly cited.
The authors declare that there is no conflict of interests regarding the publication of this paper.

Received: 25.12.2020. Revised: 14.12.2020. Accepted: 29.01.2021.

STUDY OF THE INTENSITY OF MICROBIAL CONTAMINATION AND
NONSPECIFIC IMMUNITY UNDER THE EXPERIMENTAL DIABETES AFTER
USING DIFFERENT WAYS OF FIXING THE WOUND EDGES

Ye. O. Loza, T. M. Homeluk, I. Ya. Krynytska, A. A. Hudyma, M. I. Marushchak

I. Horbachevsky Ternopil National Medical University

Abstract

Diabetes mellitus and its complications are one of the most important causes of death.
As a consequence of hyperglycemia in patients with diabetes there is an increased risk of
concomitant diseases, and one of the important consequences of diabetes is impaired ability to
repair. Healing disorders in diabetes are the result of complex pathophysiology involving
vascular, neuropathic, immune and biochemical components

Aim of research: was to analyze changes in inflammation markers, microbial
contamination and nonspecific immunity in skin homogenate of rats with diabetes after using
sutures and skin glue.

Material and research methods. Experimental studies were performed on 130 white
outbred adult male rats, weight from 240 to 320 g. Diabetes mellitus was induced by using
streptozotocin (Sigma, USA) (intraperitoneally - 65 mg / kg) with previous (15 minutes)
injection of nicotinamide (intraperitoneally - 230 mg / kg). On the background of obesity,
which was caused by 4 weeks of keeping animals on a high-fat diet. The development of
diabetes mellitus 2 was confirmed by determining the concentration of glucose in the blood
using a glucometer BAYER Contour Next (Germany). Animals of all groups (I-1V) under

thiopental anesthesia (40 mg / kg body weight of rats) were made full-layer rectilinear
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incisions, 2 cm long, in the anterior-lateral region of the abdomen. All animals were divided
into 4 experimental groups: I group (30 rats) — healthy rats, wound edges were sutured with
Vicryl 5/0 thread (ETHICON, Inc. and Johnson & Johnson company (USA); Il group (30
rats) — healthy rats, fixing of the wound edges was performed by applying skin glue
Dermabond (ETHICON, Inc. and Johnson & Johnson company (USA)); Il group (30 rats) —
rats with diabetes mellitus, wound edges were sutured with Vicryl 5/0 thread; 1V group (30
rats) — Rats with diabetes mellitus, fixing of the wound edges was performed by applying skin
glue Dermabond. For control, all the results were compared with those of intact animals (10
rats). Animals were removed from the experiment on 3, 7, 28 days after surgery under
thiopental anesthesia (90 mg / kg body weight of rats).

The degree of contamination of the wound with opportunistic and pathogenic
microflora determined by the level of urease activity using Nessler's reagent. Lysozyme
activity was determined by bacteriolytic method, using as a substrate a suspension of bacteria
Micrococcus lysodeicticus.

Results. The obtained results prove that the wound process under conditions of
streptozotocin diabetes mellitus in rats leads to a significantly greater contamination of the
wound with pathogenic and opportunistic microflora and a decrease in nonspecific immunity,
compared with healthy animals. Also, different effects of suture materials on the indicators of
microbial contamination and immune protection were found: significantly larger deviations
from the norm were found in groups of rats, where we used surgical sutures to fix the wound
edges. When comparing the intensity of microbial contamination and nonspecific immunity in
the long term (28 days) in the homogenate of the skin of rats with diabetes mellitus and the
use of skin glue, the level of urease was 27.3% lower and the level of lysozyme 7.0% lower
than in 111 group where we used surgical sutures.

Changes in the activity of the antimicrobial enzyme lysozyme allow to assess the state
of nonspecific immunity in the studied tissues. Many authors note a decrease in lysozyme
activity in various bioliquids and tissues in diabetes mellitus. The results of our studies prove
a significant decrease in the activity of lysozyme in the homogenate of postoperative skin
wounds of rats with diabetes.

Conclusion. Wound process in rats with experimental diabetes mellitus leads to
reliable contamination of the wound with pathogenic and opportunistic microflora, as
evidenced by increased urease activity, and reduced nonspecific immunity, characterized by
reduced lysozyme activity in the homogenate of postoperative wound/scar tissue in relation to

intact animals during all the terms of observation.

362



In the remote period (28 days) in the skin homogenate of rats with diabetes where skin
glue was used for wound closure, the level of urease was 27.3% lower and the level of
lysozyme was 7.0% lower than that of rats with diabetes, where surgical sutures were used.

Key words: streptozotocin diabetes; wound healing; scars; lysozyme and urease

activity

HCCJEJOBAHUE HHTEHCUBHOCTHU MUKPOFHO KOHTAMUHAIIMA 1
HECHEIUO®UYECKOI'O UMMYHUTETA I1PU PA3JIMYHBIX CITOCOBAX
OUKCUPOBAHUSA KPAEB PAHBI HA ®OHE CAXAPHOI'O IUABETA

E. O. Jlo3za, T. M. I'omemiok, U. SI. Kpununkas, A. A. I'ynsima, M. . Mapymak

CaxapHblii nuabeT M ero OCJOKHEHUS — OJHAa M3 BaKHEUIIMX MPUYUH CMEPTH.
BenencrBrue THIEpriInkeMyn Y TAIUSHTOB C JIMA0CTOM ITOBBIIIACTCS PUCK COIYTCTBYOIIUX
3a00JIeBaHMIA, 1 OJTHUM M3 BOKHBIX IMOCIIEJICTBUH nraldeTa sBIsSETCS HapyIIeHHe CTOCOOHOCTH
K BOCCTaHOBJICHMIO. HapyiieHus 3aKuBIIeHUS NP AUa0eTe SBISIOTCS Pe3yIbTaTOM CIO0XKHON
naTo(pU3UOJIOTUH,  BKIIOYAIOIIEW  COCYOUCTbIE, HEBPOMATHYECKHE, HMMYHHbIE U
OMOXMMHYECKHE KOMIIOHEHTHI.

Henp wuccaenoBaHusi: MPOaHATM3UPOBATh M3MEHEHHE MAapKepoB BOCHAJICHUS,
MUKpPOOHON KOHTAaMHMHALIMU U HecMenu(UIecKoro MMMYHHTETa B TOMOTE€HATE KOKHU KpBIC C
caxapHbIM Ja0eTOM IOCIe HAIOKEHHSI IIBOB M KOXKHOTO KJIesl.

Martepual U MeTOAbl HCCJAeI0BAHUS. OKCIEPUMEHTAIbHbIE HCCIEIOBAHUS
npoBezieHbl Ha 130 Genbix OeCropoHBIX B3POCIBIX KpbIcax-camiax Maccoi ot 240 mgo 320 r.
Caxapublii auabet mMojenupoBaiiu crpento3oTounHoM (Sigma, CIIA) (BHYTpUOPIOMIMHHO -
65 mr / Kr) ¢ npeamecTByomuM (15 MUHYT) BBeIeHHEM HUKOTHHAMHUJIA (BHYTPUOPIOIIUHHO -
230 mr / kr). Ha ¢one oxupenusi, BbI3BaHHOTO 4 HENENBbHBIM COJEPKAHUEM JKUBOTHBIX Ha
BBICOKOXKMPOBO# nauere. Pa3zButue caxapHoro auabera 2 MOATBEPXKICHO OMpeAesieHUEM
KOHIIGHTpalluu TIJ0Ko3bl B KpoBH Ha riatokomerpe BAYER Contour Next (I'epmanus).
XKusotueiM Beex rpynn (I — IV) mox tuonentanbHbiM Hapko3oM (40 Mr / Kr maccel Tena
KpBIC) BBIMOJHSUIA TOJNHOCTOWHBIE TMPSAMOJUHEHHBIE pa3pe3bl MAIMHOH 2 CM B
nepenHeOOKoBOM  obmacTu  kMBOTa. Bce  KMBOTHBIE  OBLIM  pa3ieneHsl Ha 4
JKCrepuMeHTaabHble Tpynmbl: [ rpymma (30 Kpbic) — 3M0pOBBIE KPBICHI, Kpask paHbl 3allUTHI
Huthio Bukpun 5/0 (ETHICON, Inc. u komnanust Johnson & Johnson (CILHA); II rpymma (30

KpLIC) — 30POBBIC KPLICHI, (I)I/IKCEILII/IIO KpacB paHbl ITPOBOJUIIA C IMMOMOIIBIO KOKHOI'O KJICA
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Dermabond (ETHICON, Inc. u Johnson & Johnson company (CIIIA)); III rpynma (30 xpbic)
— KPBICHI C caxapHbIM nuabeTom, Kpast pansl 3ammBanu Bukpuiom 5/ 0; IV rpynma (30 kpsic)
— KPBICHI C caxapHbIM Iua0eTOM, (PUKCALMIO KPAaeB PaHbl MPOBOJMINA C TOMOIIBIO KOKHOTO
kiest Dermabond. J[nst KOHTpOJIst BCe pe3ynbTaThl CPAaBHUBAIU C pe3yIbTaTaMH WHTAKTHBIX
*KUBOTHBIX (10 KpbIC). JKUBOTHBIX BBIBOJIMIM W3 DKCIIEpUMEHTa Ha 3, 7, 28 CyTKM mocie
OTIepalyy MO THOTIEHTAIBHBIM HapKo30M (90 Mr / KT Macchl Tena KphbIC).

CreneHb 3apakeHHsI paHbl yCIOBHO-TATOTEHHOW MHKPO(MIOPON OMpEeAeIsaiu IIo
YPOBHIO aKTHUBHOCTHU Yypeas3bl C NOMOIIpI0 peakTuBa Heccrnepa. AKTUBHOCTH JM30LIMMA
onpeaensan 0akTepHOIUTUUYECKUM METOJIOM, MCIOJb3ysl B KAaueCTBE CyOCTpara CYCHEH3HUIO
6axtepuit Micrococcus lysodeicticus.

Pesyabrarel. [losyueHHbIe pe3ynbTaThl J0Ka3bIBAIOT, YTO PAHEBOW IIpolecC B
YCIIOBUSAX CTPENTO30TOLIMHOBOIO CaxapHOTO Jauabera y KpbIC NPUBOJUT K 3HAUUTEIHHO
0oJbIIEMY 3arpsi3HEHHUIO paHbl MNATOM€HHOM M YCJIOBHO-TIATOT€HHOM MHKpoQuopol U
CHIDKEHHIO Heclenu(UYeckoro MMMYHHUTETa IO CPaBHEHHUIO CO 3/I0POBBIMH KHUBOTHBIMHU.
Taxxe oOHapyXeHO pa3jIMYHOE BIUSHUE IIOBHBIX MaTEpHUaJOB HA MOKA3aTeNIH MUKPOOHOM
KOHTaMHUHAIMM 1 UIMMYHHOM 3alllUThl: 3HAYUTEIHHO OOJIBIINE OTKJIOHEHHUS OT HOPMbI ObLIH
oOHapy)XeHbl B TIpylnmax Kpbic, TIAe g (UKcallMM KpaeB paHbl HCIOJIb30BAIUCH
xupyprudeckue ImBbl. [Ipm cpaBHEHHMM WHTEHCHUBHOCTH MHUKpPOOHON KOHTaMUHAIMM U
HecnenupuIeckoro MMMYHHUTETA B OT/IaJICHHOM niepuojie (28 nHelt) B roMoreHare KOxu KpbIC
C caxapHbIM JuabeToM U MPUMEHEHHH KOXKHOTO KJies YpOBEHb ypeas3bl Obul Ha 27,3% Hibke, a
ypoBeHb au3zouuma - 7,0. % Huxe, yem B III rpynne, rae ucnonb3oBaIuCh XUPYPrUUECKHUe
IIBBI.

N3meHeHust akTUBHOCTH aHTUMHUKPOOHOTO (pepMeHTa JU30LHMMa MO3BOJISIOT OLIEHUTh
COCTOSIHUE HEeCMenu(UYECKOT0 HMMMYHHUTETa B HCCIEIYyeMbIX TKaHAX. MHOTHE aBTOPHI
OTMEYAIOT CHIKEHUE AKTHBHOCTH JM30IIMMa B Pa3MYHBIX OHOXUAKOCTAX U TKAHAX MpPH
caxapHoMm gauabere. Pe3ynbTaThl HamMX HWCCIEIOBAaHUN TMOATBEPXKAAOT JOCTOBEPHOE
CHIDKEHHE aKTHMBHOCTH JIM30IIMMa B TOMOTEHATEe MOCIICOTePAIMOHHBIX KOXKHBIX PaH KpBIC C
caxapHbIM Ha0eTOM.

BbiBoa. PaneBoii mpouecc y KpbIC C IKCHEPUMEHTANIbHBIM CaXapHbIM JHa0eTOM
IPUBOJUT K JIOCTOBEPHOMY 3apaK€HUIO paHbl IATOTEHHOM M  YCIOBHO-IIATOTE€HHOMU
MUKPO(]IOpOH, O YeM CBUAETENBCTBYET IOBBIIIEHHE AKTUBHOCTH ypea3bl M CHUKEHHE
HecTenn(pUIecKoro UMMYHHUTETA, XapaKTepU3YIOIIeecs] CHIPKEHHEM aKTUBHOCTHU JIM301IMMa B
roMoreHare MOCJIeONEepPallMOHHON paHbl / pyOIIOBOM TKaHM MO OTHOLIEHHIO K MHTAKTHBIE

JKUBOTHBIC B TCUHCHHEC BCCX CPOKOB Ha6J'IIOJICHI/IH.
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B ornanennom nepuone (28 aHeil) B roMoreHaTe KOXKHU KpbIC ¢ JuabeToM, TAe JUIs
3aKpBITUS PaH MCIIOJIb30BAIN KOKHBIN KIIeH, ypOBEHb ypeassl Obl1 Ha 27,3% HIKE, a ypOBEHb
mm3ounMa Ha 7,0% HIDKE, 4eM y KpbIC ¢ aua0eToM, IJe MCHOJIb30BATINCH XHUPYPrUUYECKUe
111:3 58

KiroueBble cji0Ba: CTpPenTO30TOLMHOBBIN auadeT; JieueHHe PaHbI; LIPAMBbI;

AKTUBHOCTD JIM301IMMA U YpeEa3bl

Introduction

Diabetes mellitus and its complications are one of the most important causes of death
[1]. According to some authors, the presence of diabetes is associated with increased
mortality from infections, cardiovascular disease, stroke, chronic kidney disease, chronic liver
disease and cancer [2]. As a consequence of hyperglycemia in patients with diabetes there is
an increased risk of concomitant diseases [3], and one of the important consequences of
diabetes is impaired ability to repair [4]. Healing disorders in diabetes are the result of
complex pathophysiology involving vascular, neuropathic, immune and biochemical
components [5]. Hyperglycemia correlates with the stiffness of blood vessels, which leads to
slow blood circulation and microvascular dysfunction, causing a decrease in tissue
oxygenation [6]. The changes in blood vessels observed in patients with diabetes also explain
the decrease in the migration of leukocytes into the wound, which becomes more vulnerable
to infections [5]. Timely prevention of infectious complications provides an easier course of
wound healing significantly lower chance of developing severe septic processes and scar
formation [7].

Aim of research: was to analyze changes in inflammation markers, microbial
contamination and nonspecific immunity in skin homogenate of rats with diabetes after using
sutures and skin glue.

Materials and research methods. Experimental studies were performed on 130 white
outbred adult male rats, weight from 240 to 320 g, which were kept in the same vivarium. All
animals were divided into 4 experimental groups. For control, all the results were compared

with those of intact animals (Table 1).

365



Table 1

Distribution of groups of experimental animals

Group Observation group Number of
animals
[HTaKTHI ITYpi 10
1 group Healthy rats, wound edges were sutured 30
Il group Healthy rats, fixing of the wound edges was 30
performed by applying skin glue
[11 group Rats with diabetes mellitus, wound edges were 30
sutured
IV group Rats with diabetes mellitus, fixing of the wound 30
edges was performed by applying skin glue
Total number 130

Diabetes mellitus was induced by wusing streptozotocin (Sigma, USA)
(intraperitoneally - 65 mg / kg) with previous (15 minutes) injection of nicotinamide
(intraperitoneally - 230 mg / kg). On the background of obesity, which was caused by 4 weeks
of keeping animals on a high-fat diet. The development of diabetes mellitus 2 was confirmed
by determining the concentration of glucose in the blood using a glucometer BAYER Contour
Next (Germany). Animals of all groups (I-1V) under thiopental anesthesia (40 mg / kg body
weight of rats) were made full-layer rectilinear incisions, 2 cm long, in the anterior-lateral
region of the abdomen. To fix the edges of the surgical wound, the animals of the | and Il
experimental groups were sutured with Vicryl 5/0 thread (ETHICON, Inc. and Johnson &
Johnson company (USA). In animals of the Il and IV experimental groups, the edges of the
surgical wound were fixed by applying Dermabond skin glue (ETHICON, Inc. and Johnson &
Johnson company (USA)). Animals were removed from the experiment on 3, 7, 28 days after
surgery under thiopental anesthesia (90 mg / kg body weight of rats).

The degree of contamination of the wound with opportunistic and pathogenic
microflora reflects urease - an enzyme that is absent in human and animal cells. Since urease
is produced by almost a third of all bacteria, the urease method has significant advantages
over sowing methods for determining microbial contamination. It is possible to determine the
presence of no more than 1-3% of bacteria by using another methods [8]. In addition, the
determination of urease activity by hydrolysis of urea is carried out easily and quickly using
Nessler's reagent [9]. Lysozyme activity was determined by bacteriolytic method, using as a
substrate a suspension of bacteria Micrococcus lysodeicticus [8].

The obtained digital material was subjected to statistical analysis using Student'’s t-test

[10]. We calculated the arithmetic mean, the standard (M), the standard deviation (sigma X),
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the standard error (m), the probability criteria (t). Differences were taken into account in the
probability at p<0.05. Statistical results for which the probability of error was less than 5%
(P<0.05) were considered reliable.

Findings and discussion

The degree of contamination of the wound with pathogenic and opportunistic
microflora is determined by the level of urease activity. The increase in this indicator was
found in all groups of experimental animals on day 3: 6.3 times in group I, 6 - in group 11, 8 -
in group Il and 7.7 in group 1V. On the 7th day after modeling the wound process, the excess
of normal urease activity was also detected in the homogenates of skin wounds of all
experimental animals and was 3.5 times in healthy rats, which were sutured and 3 times when
applying biological glue. In the case of diabetes, such excesses were 5.3 (I1l group) and 4.7
times (IV group). On the 28th day of observation in healthy animals, urease activity did not
differ significantly from that of intact skin of rats. Under conditions of streptozotocin
diabetes, the excess was 2.2 times when using surgical sutures to fix the wound edges and 2
times when applying Dermabond glue (Fig. 1).
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Fig. 1. Dynamics of urease content in skin homogenate under the condition of using

threads and skin glue in rats with diabetes mellitus

Decreased lysozyme activity was observed on day 3 after surgery in all experimental
groups of rats: 29.3% in group I, 27.2% in group 11, 39.4% in group Ill and 38.7% in group
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IV. A linear increase in this indicator was observed in both healthy and diabetic animals
throughout the experimental period. Achievement of normal activity was detected in groups |
and 11 of rats on the 28th day of the experiment. Under conditions of streptozotocin diabetes,
the decrease in lysozyme activity is 14.6% when applying nodal sutures to the wound and
13% when applying biological glue (Fig. 2).
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Fig. 2. Dynamics of lysozyme activity in skin homogenate under the condition of

using threads and skin glue in rats with diabetes mellitus

The obtained results prove that the wound process under conditions of streptozotocin
diabetes mellitus in rats leads to a significantly greater contamination of the wound with
pathogenic and opportunistic microflora and a decrease in nonspecific immunity, compared
with healthy animals (Table 2). Also, different effects of suture materials on the indicators of
microbial contamination and immune protection were found: significantly larger deviations
from the norm were found in groups of rats, where we used surgical sutures to fix the wound
edges. When comparing the intensity of microbial contamination and nonspecific immunity in
the long term (28 days) in the homogenate of the skin of rats with diabetes mellitus and the
use of skin glue, the level of urease was 27.3% lower and the level of lysozyme 7.0% lower

than in 11 group where we used surgical sutures.
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Table 2

Indicators of the intensity of microbial contamination and nonspecific immunity, (M £ m)

Index Urease, ucat / kg Lysozyme, units / kg
0,06+0,01 136,42+0,79
Intact rats (n=10)
Day 3 Day7 | Day 28 Day 3 Day 7 Day 28
I group (n=10) 0,38+ 0,21+ 0,05+ 96,48+ | 104,09+ 136,28+
0,05* 0,04* 0,01 0,40* 1,81* 1,17
IT group (n=10) 0,36+ 0,18+ 0,05+ 99,36+ | 112,00+ 136,34+
0,03* 0,01* 0,01 0,87* 1,44* 1,11
IIT group (n=10) 0,46+ 0,32+ 0,14+ 82,64+ 94,41+ 116,48+
0,04* 0,01* 0,01* 2,28* 2,40* 2,75*
IV group (n=10) 0,46+ 0,27+ 0,11+ 83,58+ | 102,84+ 124,63+
0,02* 0,01*# | 0,01*# 2,07* 1,79%# 2,69*#

Notes:

* - the difference is significant to the data of the intact group

# - the difference is significant between I11 and 1V experimental groups within one
day (p<0.05)

Numerous studies have examined the causes of reduced resistance of patients with
diabetes to purulent infection [11-13]. Despite the fact that clinical signs of wound
suppuration in animals with streptozotocin diabetes were not observed in our own studies, the
excess of urease was detected during all periods of the experiment. Such results indicate the
constant excessive contamination of the wound with pathogenic and opportunistic microflora,
which is an unfavorable condition for its healing.

Changes in the activity of the antimicrobial enzyme lysozyme allow to assess the state
of nonspecific immunity in the studied tissues. Many authors note a decrease in lysozyme
activity in various bioliquids and tissues in diabetes mellitus [14-16]. The results of our
studies prove a significant decrease in the activity of lysozyme in the homogenate of
postoperative skin wounds of rats with diabetes.

Conclusion. Wound process in rats with experimental diabetes mellitus leads to
reliable contamination of the wound with pathogenic and opportunistic microflora, as
evidenced by increased urease activity, and reduced nonspecific immunity, characterized by
reduced lysozyme activity in the homogenate of postoperative wound/scar tissue in relation to
intact animals during all the terms of observation.

In the remote period (28 days) in the skin homogenate of rats with diabetes where skin
glue was used for wound closure, the level of urease was 27.3% lower and the level of

lysozyme was 7.0% lower than that of rats with diabetes, where surgical sutures were used.
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Prospects for further research. In the future, it is planned to analyze the reparative
capacity of the skin of postoperative wound/scar tissue of rats with streptozotocin diabetes.
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