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L-ARGININLO MODIFiKASIYA EDILMIS POLIQLAKTIN-910-DAN VO
POLIKAPROLAKTONDAN EKSPERIMENTLO iSTIFADO ZAMANI KOR
BAGIRSAGIN STRUKTUR ELEMENTLORININ MORFOMETRIK
PARAMETRLORININ MUQAYiSOLI QiYMOTLONDIRILMOSI
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Xiilasa. Magalada toxumalardan sorula bilan sintetik poliglaktin-910 sapinin va yeni tikis materiali olan
polikaprolaktonun L-argininlo modifikasiya edilmis néviiniin eksperimentul soraitdo korbagirsagin selikli
qisast biikiiglorinin morfometrik parametrlarina tasirini miiqayisali sakilda Gyronmak maqgsadila apariimag
tadgiqat isi haqqinda malumat verilmisdir.

Cinsi yetiskanliya ¢catmusg, kiitlosi 2,62+0,21 kq olan 65 dovsana ¢orrahi miidaxilo edilmisdir. Heyvanlar
kontrol vo 2 eksperimental olmagla 3 qrupa béliinmiisdiir: birinci eksperimental grupda poliglaktin-910
Corrahi sapwndan, ikincida isa polikaprolaktonun L-argininlo modifikasiya edilmis néviindan istifada
edilmisdir. Operasiyadan sonraki 3,7,14,21,30 va 60-c1 giinlorda yaranin va amala galon ¢apigin vaziyyati
oyranilmisdir. Ekspirementin gedisinda diiz bagirsagin perivulnar nahiyasinin selikli qisasinda olan
biikiiglorin morfometrik todqiqi aparimisdir.

Tadqigat naticasinda miiayyon edilmisdir ki, sapdan kor bagirsagin perivulnar nahiyasindaki operasiya
yaralarimin  tikilmasi iigiin L-argininlo modifikasiya edilmis polikaprolakton carrahi sapizdan istifada
edildikda biikiisiorin struktur komponentlarinin faaliyyati poliglaktin-910 istifadasindakina nisbaton 7 giina
godar tez barpa olunur.
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COMPARATIVE ASSESSMENT OF MORPHOMETRIC PARAMETERS OF
STRUCTURAL ELEMENTS OF CRYPTS OF THE CECUM USING SURGICAL
THREADS POLYGLACTIN-910 AND POLYCAPROLACTONE MODIFIED WITH L-
ARGININE IN THE EXPERIMENT
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The article presents a research study conducted to comparatively examine the effects of synthetic
absorbable polyglactin-910 sutures and a novel suture material, polycaprolactone modified with L-arginine
(PCL-MA), on the morphometric parameters of the crypts in the mucosa of the cecum under experimental
conditions.

Surgical interventions were performed on 65 sexually mature outbred domestic rabbits aged 9-10 months
and weighing (2.62+0.21) kg, which were divided into three groups: control and two experimental groups
(the first one using PG-910 surgical thread and the second one using surgical thread PCL-MA). After the
surgical intervention, the condition of the wound and the formed scar were studied on days 3, 7, 14, 21, 30,
and 60. The morphometric method was used to analyze quantitative changes in the structural components of
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crypts in the cecum's perivulnar area in the experiment's dynamics. Statistically, the reliability of these

guantitative changes was established.

As a result of the study, it was found that when PCL-MA is used for suturing a wound defect, the
functioning of the structural components of the crypts in the mucosa of the perivulnar area of the cecum is
faster on average by 7 days than when using PG-910.

Introduction. An important and contro-
versial issue in the surgical treatment of various
nosological forms of large intestine diseases is
the problem facing the surgeon in choosing a
surgical suture material for surgical intervention
directly on the intestine [1, 2]. Modern suture
material should be bioinert. Its degradation
should not cause a general toxic effect on the
body, be resistant to infection, not cause an
allergic reaction, be reliable, atraumatic, or not
cause an absorbing or adhesive effect [3]. Most
importantly, it should stimulate the healing
process and not cause the formation of an
excessive scar in the area of the wound defect
caused by surgery. In addition, the suture
material should have optimal manipulation and
technical characteristics [4].

Absorbable sutures, such as polyglactin-910
(PG-910), meet these requirements and are
widely used in surgical practice [5]. The newest
Ukrainian suture material, polycaprolactone
modified with L-arginine (PCL-MA) is a
surgical suture bioabsorbable material intended
for surgical operations in clinics, hospitals,
ambulance services, and field conditions, which
is very important today in the context of
military operations in Ukraine. The addition of
L-arginine or other substances with antihypoxic,
reparative, and antioxidant properties plays an
important role in reducing the systemic
inflammatory ~ response  and  oxidative-
nitrosative stress and shortening the healing
time of a postoperative wound [6, 7, 8].

PG-910 and PCL-MA are very similar in
terms of their characteristics and resorption
time, even though PG-910 is a polyfilament
thread and PCL-MA is a monofilament thread
[9, 10, 11]. Surgical thread polycaprolactone
modified with L-arginine is a new stage in
improving surgical suture material.

The aim of the study. To conduct a
comparative analysis of the morphometric
parameters of the structural elements of the
crypts of the mucosa of the cecum in the
experiment using synthetic absorbable threads
polyglactin-910 and a new thread
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polycaprolactone modified with L-arginine.

Material and methods. The experiment was
conducted on 65 sexually mature outbred domestic
rabbits (of different sexes) aged 9-10 months and
weighing (2.62+0.21) kg. The rabbits were kept in
the vivarium of Poltava State Medical University,
following sanitary and hygienic standards and rules.
All stages were carried out in compliance with the
principles of bioethics by the provisions of the
European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Other Scientific Purposes (Strasbourg, 1986),
Council of Europe Directive 2010/63/EU, Law of
Ukraine No. 3447-IV “On Protection of Animals
from Cruelty”. According to the decision of the
Biomedical Ethics Committee of Poltava State
Medical University (Protocol No. 220 of
25.10.2023), no violations in handling laboratory
animals were found.

Surgical interventions on animals were
performed in the operating room of the Department
of Anatomy with Clinical Anatomy and Operative
Surgery of Poltava State Medical University.

The experimental animals were divided into
three groups. The first was a control group (5
animals), the second was an experimental group (30
animals) in which the wound defect was sutured
with synthetic polyfilament absorbable thread PG-
910, the third experimental group (30 animals) was
sutured with monofilament absorbable thread PCL-
MA\. The thread was used with an atraumatic needle,
metric size - 3. The operation was performed accor-
ding to our patented method of surgical intervention
on the large intestine.

The cecum was dissected between the omental
taenia and free taeniae of the intestine parallel to
them and perpendicular to the haustrae, 3-4 cm long.

A two-row suture was applied to the cecum using
different suture surgical materials. The first row of
sutures was a continuous Schmiden suture. The
second row was a Lambert serous nodular suture.
This ensured the wound tightness, and during the
subsequent collection of intestinal tissue for
examination in due time, it allowed the obtainment
of high-quality histological material with a research
thread. The material was taken on days 3, 7, 14, 21,
30, and 60. Adequate methods were used in the
experimental study: experimental — for surgical
interventions on the large intestine (colotomy);
histological - to determine the general morphology



of the wall of the cecum in the normal and
perivulnar areas in the dynamics of the experiment;
the method of semi-thin serial sections — to detail the
histological structures of the intestinal wall;
morphometric method — to analyze quantitative
changes in the histocytotopography of the structural
components of the crypts at different stages of the
experiment; statistical method - to establish the
reliability of quantitative changes in the structural
components of the crypts in the dynamics of the
experimental study.

To determine the main morphometric para-
meters, cecal biopsies were removed and embedded
in paraffin and epoxy resin according to generally
accepted methods. Thin sections of 4-5 um were
obtained from paraffin blocks stained with
hematoxylin and eosin, according to van Gieson's
method with Hart's poststaining. Semi-thin sections
1-2 um thick were made from epoxy blocks and
stained with methylene blue and toluidine blue. The
sections were examined under a light microscope
with a digital camera Olympus C 3040-ADU with
programs adapted for these studies (Olympus DP-

Soft, license No. VJ285302, VT310403,
1AV4U13B26802) and Vorex 3 (serial number
5604).

Morphometric parameters such as the depth of
crypts and dynamic changes in the structural
components of crypts of the large intestine mucosa,
namely columnar enterocytes with a border, goblet
cells, endocrinocytes and intraepithelial lympho-
cytes, were determined.

Statistical data processing was performed using
Statistica 10, BiostatPro 6, and Microsoft Excel
2016. The reliability of the calculations and
indicators of the samples was checked using the
Shapiro-Wilk test. The arithmetic mean of the
variation series (M) and its standard error (m) were
determined to evaluate quantitative data. Student's t-
test was used to compare quantitative values in
paired series. The difference was considered
significant at a value of p<0.05.

Research results and their discussion. The
studies found that the crypts of the rabbit cecum
are a structural and functional unit of the
cecum's mucosa and are represented by finger-
like outgrowths. The crypts consist of the
following main components: columnar entero-
cytes with a border, goblet cells, single endo-
crinocytes, and intraepithelial lymphocytes.

Changes in the histotopography of these
components in relation to the surface layer of
the mucosa begin to occur from day 3 of the
experimental study. Thus, in the area of the
wound defect, they were visualised deeper
relative to the submucosa. When using PCL-
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MA surgical thread, the mean crypt depth was
87.48+2.28 um, which is 5.35% less than PG-
910 (92.42+1.64 pm).

After 7 days of experimental study, the depth
of crypts using PCL-MA surgical thread was
89.34+£2.32 pum, which was 14.49% less
compared to PG-910 (104.48+3.12 um), after
14 days - significantly by 19, 62% (with
79.27+43.02 um for PCL-MA and 98.62+3.26
um for PG-910), after 21 days by 11.14%
(72.34£2.46 pm for PCL-MA and 81.41+2.26
um for PG-910) and after 30 days by 3.71%
(78.68£2.26 pum ta  81.71+2.84  um,
respectively). This indicator was statistically
significant, at p<0.05, and reached control
values after 30 days of the experiment when
using PCL-MA surgical thread. When using the
PG-910 thread, this trend was determined after
60 days of observation (Figure 1).

Thus, it can be argued that the functioning of
the crypts of the mucosa of the perivulnar area
of the cecum is faster on average by 7 days
when using PCL-MA than when using PG-910
suture.

It was found that the histotopography of
crypts directly depends on quantitative
changes in the population of its cellular
components. Thus, the average number of
absorptive enterocytes decreased sharply after
3 days of the experimental study. However,
when PCL-MA surgical thread was used, this
indicator was 3.12+0.24, which was 16.57%
less than that of PG-910 (3.74+0.24).

On the 7th day of the experiment, the mean
number of these cells was 13.57% lower with
PCL-MA surgical thread (3.44+0.32) compared
to PG-910 (3.98+0.32), after 14 days -
significantly by 21.93% (with 4.52+0.26 for
PCL-MA and 5.79+0.36 for PG-910), after 21
days — by 21.11% (6.28+0.28 for PCL-MA vs.
7.96+0.42 for PG-910) and after 30 days — by
11.35%  (10.62+0.46  and  11.98+0.31,
respectively). The control value of the number
of absorptive enterocytes was statistically
significant at p<0.05 when using PCL-MA
suture on day 30 of the experiment. When using
PG-910 suture, it was determined after 60 days
of observation (Figure 2). The obtained results
of the experimental study demonstrate the po-
sitive effect of L-arginine on the processes of
destruction of absorptive enterocytes in the
crypts.
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Figure 1. Morphometric characteristics of changes in the maen depth of crypts in the perivulnar area of the mucosa of
the rabbit cecum during suturing of the wound defect with surgical threads PG-910 and PCL-MA in the dynamics of the
experimental study. Notes: * — p<0.05 compared to the control group, ** — p<0.05 compared to the previous term of the
experimental study.
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Figure 2. Morphometric characteristics of changes in the mean number of absorptive enterocytes in the crypts of the
perivulnar area of the mucosa of the rabbit cecum during suturing of the wound defect with surgical threads PG-910 and
PCL-MA in the dynamics of the experimental study (mean number in 10 fields of view). Notes: * — p<0.05 compared to
the control group, ** — p<0.05 compared to the previous term of the experimental study.
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The study of changes in the mean number
of goblet cells in the crypts of the perivulnar
area of the mucosa of the cecum showed that
after 3 days, their mean number decreased
sharply. But when using PCL-MA surgical
thread, this indicator became 72,62+4,12 and
was 17,71% less than when using PG-910,
which was equal to 88,24+4,12. After 7 days,
the mean number of goblet cells when using
PCL-MA surgical thread became 86,24+4,41,
which is 14,48% less in comparison with PG-
910 (100,84+4,41); after 14 days — signifi-
cantly by 9.61% (68.36+3.12 vs 75.63+3.12),
after 21 days - by 15.75% (56.64+3.41 vs
67.23+3.41) and after 30 days - by 15.95%
(42.38+3.68 vs 50.42+3.68). This indicator
reached control values on day 30 when using
the PCL-MA suture and after 60 days when
using the PG-910 suture (Figure 3).

As a result of the study, it was found that
enteroendocrine cells in the crypts of the

mucosa of the cecum are of great importance
in the reparative processes of the wound area.
It was found that after 3 days of the
experiment, their mean number decreased
sharply, but when using PCL-MA surgical
thread, this indicator was equal to 1.86+0.08,
which is 23.46% less than when using PG-
910 (2.43+0.08). After 7 days, the mean
number of enteroendocrine cells was 21.4%
less with PCL-MA surgical thread
(2.24+0.06) compared to PG-910 (2.85+0.06);
after 14 days - by 12.5% (3.08+0.08 vs
3.5240.08), after 21 days - by 21.19%
(2.12+0.09 vs 2.69+0.09) and after 30 days -
by 6.52% (0.86+£0.08 vs 0.92+0.06). This
indicator statistically significantly (at p<0.05)
reached the control values when using PCL-
MA surgical thread after 30 days of the
experiment and PG-910 one after 60 days of
observation (Figure 4).
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Figure 3. Morphometric characteristics of changes in the mean number of goblet cells in the crypts of the perivulnar
area of the mucosa of the rabbit cecum during suturing of the wound defect with surgical threads PG-910 and PCL-MA
in the dynamics of the experimental study (mean number in 10 fields of view). Notes: * — p<0.05 compared to the
control group, ** — p<0.05 compared to the previous term of the experimental study.
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Figure 4. Morphometric characteristics of changes in the mean number of enteroendocrine cells in the crypts of the
perivulnar area of the mucosa of the rabbit cecum during suturing of the wound defect with surgical threads PG-910 and
PCL-MA in the dynamics of the experimental study (mean number in 10 fields of view). Notes: * — p<0.05 compared to
the control group, ** — p<0.05 compared to the previous term of the experimental study.

Conclusions.

Thus, the morphometric surgical thread proved the positive effect of

analysis of the processes of remodelling the
structural components of the crypts of the
mucosa of the cecum in the perivulnar area
using PG-910 surgical thread and PCL-MA

PCL-MA one on the reparative processes in
the area of the wound defect, accelerating
them by an average of 7 days.
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CPABHUTEJIBHASI OHEHKA MOP®OMETPUYECKUX ITAPAMETPOB CTPYKTYPHBIX
3JEMEHTOB CJIENOM KUIIKHA ITPU UCITOJb30BAHUU XUPYPTUYECKUX HUTEN
MOJIMTJIAKTHH-910 U TTIOJIMKATIPOJIAKTOH, MOJJU®ULIUPOBAHHBIN L-APTUHUHOM
B OKCIIEPUMEHTE

O.M.Hpommal, C.M.Buiaur’, M.M.Koﬁenm«z, $1.0.Oaniinnvenxo’, M.M.Konres’,
A.B.l'[npor-3alcasnmc03al, C.B.Jlonuenko’, 5.C.Kononos', B.B.O.1exceenxo’, O.B.Mamaii’
YTonmasckuii 2ocyoapcmeennuiii meduyunckuii ynusepcumem, Ionmasa, Yxpauna
2,ZZenapmafweHm 30pasooxparnenus Ilonmasckoii ob1acmuoll 20cy0apCcmeeHHOU AOMUHUCIPAYUL,
lonmasa, Ykpauna

Pestome. B craTbe TpECTaBICHBI PE3YJIBTaThl HCCIENOBAaHUS, INPOBEICHHOIO C LENBbIO IMPOBEINCHUS
CPaBHHUTENLHOTO aHalN3a MOP(OMETPUYECKUX TapaMeTpoB CTPYKTYPHBIX 3JIEMEHTOB KPHIT CIW3UCTON
O0OJIOYKH CIIETION KHUIIKK B 3KCIEPUMEHTE C MCIOJIb30BAHHEM CHHTETHYECKHX PaCcCACHIBAIOMIMXCS HUTEH
NOMUMIIAKTUH-910 1 HOBOrO LIOBHOTO MaTepuaja MOJIMKAIIPOIakToH, MoxuduimpoBansslii L-apruaunom (PCL-
MA).

Xupyprudeckue BMEIIaTeNbCTBa BBITIONHEHBI 65 TMOJIOBO3PENbIM OECTIOPOJHBIM JOMAIITHUM KPOJIMKaM B
Bo3pacte 9-10 mecsneB u Maccoit 2,62+0,21 kr, koTopble ObIIM pa3zieieHbl Ha TPY TPYIIIbL: KOHTPOJIBHYIO U JIBE
SKCIIEpPUMEHTAIBHBIE (TIEpBasi U3 HUX — C UCHOJIb30BAHUEM XHUPYPTUUECKONH HUTH MOJIUIIaKTHH-910 1 BTOpas — ¢
WCIIONb30BAaHUEM XUPYPIUYECKOW HHUTH TIOJHKAIpOJIAKTOH, MOAW(HIMPOBaHHbIH L-aprunuHom). Ilocie
Olepalliy M3y4aloch COCTOSHHME paHbl U oOpa3oBaBiierocs pyoua Ha 3, 7, 14, 21, 30 u 60 cyTkwu.
Mopdomerpruecknii MeToJ] ObLI HCIIOIB30BaH JUIS AHAIN3a KOJMYECTBEHHBIX W3MEHEHHH CTPYKTYPHBIX
KOMIIOHEHTOB KPUNT B NEPUBYJILHAPHON 00JIaCTH CIIETION KHIIKHM B IMHAMUKE SKCIEepUMeHTa. J[ocToBEepHOCTH
3THX KOJIMYECTBEHHBIX M3MEHEHHUH Oblila CTAaTUCTHYECKH TTOITBEPIKICHA.

B pesynbrare npoBeeHHBIX UCCIIEA0BAHUN YCTaHOBICHO, YTO MPH MCHOIB30BAHUM MOJU(UIMPOBAaHHOM L-
AprMHUHOM XHPYPrMUeCKOW HHUTH U1 YIIMBaHWUS paHEeBOro Jaedexra (YHKIMOHHPOBAHHE CTPYKTYPHBIX
KOMITOHEHTOB KPHIIT B CIIM3UCTON 00O0JI0YKE MEPUBYIIFHAPHONW OOJACTH CIEMON KHIIKH MPOMCXOIUT PaHbIIE B
cpenHeM Ha 7 JTHeH, YeM IIPU MCIIOIb30BaHUH XUPYPTrUUECKOi HUTH mojuriakTiH-910.
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