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ABSTRACT

The aim: The study focuses on the morphometric features specification concerning the structural components of the hemomicrocirculatory bed of the perivulnar region of the
cecum in rabbits when suturing a wound defect with synthetic polyfilament surgical suture Vicryl.

Materials and methods: The research was carried out on rabbits (n = 30: 5 animals made up the control group and 25 animals made up the experimental group) and included
surgery based on the method of surgical intervention on the large intestine patented by the authors, which was performed in the conditions of the operating room at the
Department of Clinical Anatomy and Operative Surgery. When determining the main morphometric parameters, we took biopsy specimens of the cecum and used paraffin and
epoxy resin embedding considering the generally accepted methods.

Results: The study determined that the implantation of Vicryl surgical suture material in the tissues of the cecum became a trigger for the formation of active inflammatory
focus and occurrence of leukocyte infiltrate in the perivulnar region.

Conclusions: Arterioles, as a resistive link, capillaries, as an exchange link and venules, as a capacitive link in the hemomicrocirculatory bed, actively participate in response
to the inflammatory process and formation of a connective tissue scar. The process of structural organization of microvessels begins in the formed granulation tissue in the

perivulnar region of the cecum starting from the 14th day of the experiment.
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INTRODUCTION

Diseases of the digestive system, in particular the large
intestine, are quite common nowadays and, unfortunately,
their prevalence is steadily growing [1, 2]. A number of
factors such as lifestyle, nutrition, environmental pollu-
tion, various endogenous and exogenous factors [3, 4] can
cause such changes. Colon cancer has also been diagnosed
on a large scale. All of the above forms of the large intes-
tine diseases are among the most relevant problems in
modern surgical practice and require a prompt solution
[5]. The issues on selection of surgical suture material,
expediency of its use in one case or another, timing of
resorption, value of morphometric parameters, as well
as time of healing and scar formation arise quite often.
Therefore, these issues are relevant nowadays, considering
the prevalence of chronic inflammatory diseases, cancer
pathologies and surgical interventions on the intestines.
Based on 2018 data, the world statistics informs us that
over the past 100 years, oncopathology has shifted from
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tenth to second place in terms of morbidity and mortality,
second only to diseases of the cardiovascular system. Ac-
cording to the WHO data, by 2030 year, cancer mortality
will increase by 45%, compared to 2007 level. Ukraine
ranks second in Europe in terms of cancer prevalence.
Cancer of intestine and its various departments amounts
to 60% among the nosological forms of oncopathology
and is one of the most common, both in men and women
[6]. Therefore, the issue on suture material selection for
minimizing postoperative complications is relevant and
currently important.

THE AIM

The study was aimed at specifying the morphometric fea-
tures of the structural components of the hemomicrocir-
culatory bed in the perivulnar part of the cecum in rabbits
when suturing a wound defect with synthetic polyfilament
surgical suture Vicryl.
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MATERIALS AND METHODS perpendicular to the haustra, 3-4 cm long. Subsequently,

The research involved experimental rabbits (n = 30: 5
animals made up the control group and 25 animals made
up the experimental group). Management of animals and
all manipulations on them were carried out in accordance
with the “Rules for the Use of Laboratory Experimental
Animals” (2006, Appendix 4) and the Declaration of
Helsinki on the humane treatment of animals, the Law
of Ukraine “On the Protection of Animals from Cruelty”
(No. 3447-1V, dated February 21, 2006), in compliance
with the requirements of the Commission on Bioethics of
the Ukrainian Medical Stomatological Academy (minute
No. 170, dated January 24, 2019), consistent with the pro-
visions of the “European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other
Scientific Purposes” (Strasbourg, 1986).

We performed the surgery based on our patented meth-
od of surgical intervention on the large intestine under
the conditions of the operating room at the Department
of Clinical Anatomy and Operative Surgery [7]. The tis-
sues of the cecum were dissected between the omental
and free taeniae of the large intestine parallel to them and

after the incision, the tissues of the large intestine were
sutured with a double-row suture applying Vicryl suture
surgical material.

For the first row of sutures we used a continuous screw-in
Schmiden suture. The second one, or the so-called clean su-
ture, was carried out applying Lambert’s sero-serous inter-
rupted suture. This technique provided the wound tightness
and made it possible to obtain a high-quality histological
material containing implanted research surgical suture
when the repeated sampling of cecum tissues was required
for examination within a certain time frame. Specification
of the main morphometric parameters included taking of
biopsy specimens of the cecum and paraffin and epoxy resin
embedding according to the generally accepted techniques
[8]. Thin 4-5 pm sections were made from paraffin blocks
followed by hematoxylin and eosin van Gieson staining,
as well as Hart staining. Semi-thin 1-2 um sections were
made from epoxy blocks and stained with methylene blue
and toluidine blue followed by examination of histological
sections with a light microscope Olympus C 3040-ADU
containing digital microphotographic attachment and
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software adapted for studies presented (Olympus DP - Soft,
license No. VJ285302, VT310403, 1AV4U13B26802) and
Biorex 3 (serial number 5604).

While performing morphometric investigations, we
used a system of visual analysis of histologic specimens.
Images of histologic specimens were displayed on com-
puter monitor from microscope and applying Visiion
CCD Camera. Morphometric studies were provided by
VideoTest-5.0, KAAPA Image Baseta Microsoft Excel
programs on a personal computer. We examined the
total diameter, lumen diameter and wall thickness of mi-
crovessels (arterioles, capillaries, venules) and statistically
processed the data with Statistica 10 BiostatPro 6 software,
as well as with Microsoft Excel 2016. The validation of
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B — capillaries; C — venules.

the calculations and indicators in the samples was carried
out applying Shapiro-Wilk test. The quantitative data as-
sessment included determination of the arithmetic mean
of the variation series (M) and its standard error (m).
To compare quantitative values in paired rows, we used
Student’s t-test. The difference was considered significant
at p<0.05 values.

RESULTS

The study determined the vascular response patterns
of the hemomicrocirculatory bed elements (HMCB)
to experimental cecum wall damage, which resulted in
inflammatory process of the perivulnar region at the
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early stages and formation of connective tissue scar at
the later stages of observation. Thus, the average outer
diameter of arterioles, as a resistive link of HMCB of
the cecal mucosa, increased 1.8-fold on the 3rd day of
the experiment, and 1.66-fold on the 7th day, which
caused the increase in the blood filling of the perivulnar
region and the formation of active inflammatory focus.
The same pattern was observed with arterioles of the
submucosa, only the increase coefficients amounted
to 1.9-fold on the 3d day and almost 2-fold — on the
7th day, which in turn resulted in the formation of
leukocyte infiltrate in the perivulnar region. Starting
from the 14th day of observation, the arterioles of both
mucosa and submucosa, gradually decreased their total

diameter and up to the 60th day of the experiment met
the control value.

The capillaries of the cecum mucosa and submucosa, as an
exchange link of the HMCB, began to spasm sharply by 1.6
times starting from the 3rd day of observation, performing
the function of blood flow restraining when it actively filled
the perivulnar region and the formation of active inflam-
matory focus. From the 7th day of the experiment, they
tended to expand. Thus, on the 7th day, the exchange vessels
were 1.25 times narrower, compared with the control indi-
cators, and starting from the 14th day — by 1.17 times, and
already from the 30th day of the experiment, the capillaries
corresponded to the control value, considering the average
statistical error at p< 0.05 (Fig. 1, 2).
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bed elements of the intestinal wall submucosa in
the area of the wound defect sutured with Vicryl
surgical suture in the dynamics of the experiment:
A — arterioles; B — capillaries; C — venules.

Venules, as a capacitive link of HMCB, expanded by
1.8 times in the intestinal wall mucosa on the 3rd day
of the experiment and in the period from 3 to 7 days
stayed in such functional state. From the 14th day of the
experiment, they tended to narrow at p<0.05 compared
with the previous observation period and reached the
indicators of the control group on the 30th day of ob-
servation. Venules of the submucosa, on the contrary,
spasmed by 1.3 times from the 3rd to the 7th day of the
experiment, which was associated with the active blood
supply through arterioles during this experimental peri-
od and the capillaries spasm. Starting from the 30th day,
venules reached their functional state and corresponded
to the control value, considering the average statistical
error at p<0.05 (Fig. 1, 2).

According to the literature data, the response of the
hemomicrocirculatory bed elements to the impact of
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exogenous or endogenous factors, as well as to various
damages, is quite specific and corresponds to the certain
patterns, especially when these structures are surround-
ed by a large amount of connective and epithelial tissue.
Therefore, when carrying out a morphometric study of
the hemomicrocirculatory bed elements, we considered it
expedient to analyze the changes not only in the average
indicators of the total diameter of arterioles, capillaries
and venules, but also changes in the indicators of the
average diameter of lumens as well as the average wall
thickness of these vessels.

Based on the data of the morphometric assessment of
the average diameters of lumens in arterioles, capillaries
and venules of the cecum mucousa in the perivulnar
region, we determined that the arterioles increased their
average diameter of lumens by 1.5 times starting from
the 3rd day of observation. The average diameter of the
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arteriole lumens was statistically significant at p<0.05 and
did not differ from the analogous indicator in animals of
the control group from the 7th experimental day (Fig. 3).

The average diameter of the capillaries lumen, on the
contrary, narrowed by 1.7 times starting from the 3rd day
of observation, which, in our opinion, caused difficulty
in blood flow in the perivulnar region due to edema of
the connective tissue and the intestinal wall as a whole.
Starting from the 7th day of the experiment, the capillaries
began to restore the indicator of the average diameter of
lumen, but compared with the control group, these in-
dicators were 1.27 times higher. From the 21st day of the
experiment, the average diameter of the lumen reliably
approximated the control indicators, and the measure-
ment range was within the statistical error (Fig. 3).

Venules, in contrast to capillaries and by analogy with
arterioles, increased their lumen diameter starting from
the 3rd day of the experiment, but the morphometrically
determined coefficient of increase in the index was higher
than in arterioles. On the 3rd day of observation, the
average diameter of the venule lumen was significantly
higher by 1.75 times at p<0.05 compared with the control
indicators, on the 7th day — by 1.54 times, and on the 10th
experimental day — by 1.25 times. Starting from the 30th
day of observation, this indicator reached the control
indicators, and the measurement range was within the
statistical error (Fig. 3).

In the dynamics of the experimental study, the changes
in the average diameters of the lumen of arterioles, capil-
laries and venules were difterent in the area of the wound
defect of the cecum submucosa. The average diameter of
the arterioles lumen was increased by 1.6 and 1.3 times
from the 3rd to 7th days of observation, respectively. The
average diameter of the arterioles lumen did not statis-
tically differ from those of the control group of animals
from the 30th to 60th days of the experiment and was
within the statistical error (Fig. 4).

The average diameter of the capillaries lumen in the
caecum submucosa changed dynamically depending on
the time of observation. Thus, starting from the 3rd day
of the experiment, the average diameter of the capillaries
lumen decreased almost 2 times in comparison with the
control group. On the 7th day of the experiment, this
indicator did not differ significantly at p<0.05 from that
in the previous observation period and compared to the
control it was 1.8 times lower. Starting from the 14th day
of the experiment, the indicator of the average diameter
of the capillaries lumen tended to restore, but was still 1.2
times lower than the control indicator (Fig. 4).

The average diameter of the capillaries lumen did not
statistically differ from those of the control group of ani-
mals from the 21st day of the experiment and was within
the statistical error. The average diameter of the venules
lumen in the submucosa 1.3-fold decreased starting from
the 3rd experimental day. From the 7th day of observa-
tion, this indicator tended to restore in comparison with
the control ones, and already on the 14th experimental
day, the average diameter of the venule lumen did not

statistically differ from the analogous indicators of the
control group of animals and was within the statistical
error (Fig. 4).

While comparing the changes in the average diame-
ters of the lumens of arterioles, capillaries and veins of
the mucosa and submucosa, it should be noted that the
indicators correlate with each other at different periods
of the experimental study, presenting unidirectional mor-
phological changes in the mentioned structures (Fig. 4).

DISCUSSION

The data of research presented make it possible to con-
clude that the implantation of Vicryl surgical suture
material in the tissue of the cecum is a trigger for the
formation of the active inflammatory focus as well as
leukocyte infiltrate in the perivulnar zone, which is
proved by the changes in the structural components of
the hemomicrocirculatory bed, namely, arterioles, cap-
illaries and venules.

The average indicators of the total diameter, lumen
diameter and wall thickness of the microvessels changed
in the dynamics of the experiment (from the 3rd to 60th
days) and corresponded to the phases of the inflamma-
tory response in the perivulnar region and the timing of
reparative and regenerative processes [9].

Damage to the intestinal wall is caused by an incision
that necessarily causes destructive changes in the tissues
that are surrounding the wound defect. Suturing of the
wound defect with surgical suture material partially
restores the integrity of the intestinal wall and initiates
several structural changes on the part of the tissues
surrounding the wound defect. These changes, in turn,
are aimed at isolation, with further resorption of the
surgical thread as a foreign body, the implementation
of the inflammatory process caused by the incision of
the intestinal wall, and the formation of connective
tissue, capable scar at the site of the incision. The main
reparative changes of the perivullar zone of the intesti-
nal wall were determined in the mucous membrane due
to its thickening as a result of connective tissue edema,
destructive and reparative changes of its own plate, and
cellular elements, and accumulation in the submucosa of
a significant amount of leukocyte infiltrate [10].

Such reactions and processes are consistent and are
parts of the whole chain of reparative and adaptive
processes. When suturing the wound defect with Vikril
surgical thread from the beginning of the experiment
on histological specimens, it was found that the surgical
thread was surrounded by edematous fluid, and hemor-
rhages were detected in neighboring tissues. The fibrous
component of the connective tissue was divided and
leukocyte and lymphocyte infiltration was detected [11].

CONCLUSIONS

1. Arterioles, as a resistive link, capillaries, as exchange
link and venules, as a capacitive HMCB link are actively
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involved in the response to the inflammatory process
and formation of connective tissue scar.

2. Arterioles of the cecum mucosa and submucosa in the
area of the wound defect responded by expanding the av-
erage diameters at the early stages of the experiment (3-7
days) and up to 30-60 days met the control parameters.

3. Capillaries spasmed at the early stages of observation
and reached the control values up to 30 days.

4. Venules of the mucosa expanded at the early stages of
the experiment, while the venules of submucosa, on the
contrary, narrowed and reached the control values on
the 30th experimental day.

5. The processes of the structural organization of mi-
crovessels began in the formed granulation tissue in
the perivulnar region of the caecum from the 14th
experimental day.
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