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MORPHOMETRIC ANALYSIS OF BLOOD VESSELS OF THE LARGE
INTESTINE IN NORMAL AND EXPERIMENTAL CONDITIONS: CLINICAL
APPLICATIONS IN GASTROENTEROLOGY

Babayeva R.E.

Abstract

In the present study, the morphometric characteristics of the blood vessels of the large intestine in
humans under normal conditions, as well as in experimental animal models, were examined. Using
light microscopy techniques, the diameters, lengths, densities, and cross-sectional areas of
arterioles, precapillaries, capillaries, postcapillaries, and venules were measured. Normative data
revealed regional variations in vascular distribution within the colon, while experimental findings
demonstrated morphological changes in vessels during hemorrhage and perfusion disturbances. The
obtained data provide valuable insights into the functional state of the vascular system of the large
intestine, broaden the understanding of ischemic and post-ischemic pathogenesis, and contribute to
the advancement of diagnostic and therapeutic strategies in clinical gastroenterology.
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INTRODUCTION

The digestive process consists of
sequential stages characterized by the
formation of the food bolus, the production
of chyle, and the absorption of substances
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into the blood and lymph. This system
plays a crucial role in maintaining
homeostasis in the organism, and the
biological meaning of its functions is
related to the formation of blood plasma.
Since the nutrients entering the blood and
lymph are foreign to the organism, each
food intake represents one of the main
challenges to homeostasis [1].

In modern times, comprehensive
investigation of the vascular bed of the
digestive system organs remains an urgent
problem. Only precise information about
the state of blood flow can provide an
understanding of the morphological
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mechanisms regulating intramural
circulation [2,3]. According to literature
data, the gastrointestinal organs receive a
large portion of the cardiac output, thereby
contributing to the maintenance of
metabolism. This process is evidenced by
vascular reactions occurring  during
increased nutrient absorption. The blood
circulation of the gastrointestinal organs
also supports the protective mechanisms
of the mucosa after the intake of toxins or
harmful substances and is necessary to
ensure adequate perfusion of vital organs
during stress. Under certain physiological
(exercise) and pathological (hemorrhage)
conditions, a sharp decrease in blood flow
in the gastrointestinal organs is observed
[2].

In recent years, advances in angiological
research, microsurgery, endoscopy,
clinical lymphology, and gastroenterology
have enabled more detailed studies of
colonic vascularization. The investigation
of the morphological features of colonic
blood vessels is important not only from a
theoretical perspective but also for
improving diagnostic and therapeutic
strategies in clinical gastroenterology.
Aim: The aim of this study is to analyze
the morphometric parameters of colonic
blood vessels in humans under normal
conditions and in experimental animals, to
determine their structural organization and
functional state, and to evaluate the
potential applications of these findings in
improving diagnostic and therapeutic
strategies in clinical gastroenterology.

MATERIALS AND METHODS

The study analyzed preparations obtained
from cadavers of both sexes aged 20-70
years, in which vascular occlusions and
stenoses had been identified.
Experimental investigations were
conducted on 12 dogs of both sexes,
weighing between 10.0 and 18.0 kg (9
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animals in the main group and 3 in the
control group). The housing and
euthanasia of animals were performed in
accordance with Directive 2010/63/EU of
the European Parliament and the Council
on the protection of animals used for
scientific purposes [4].

To achieve the stated objectives, the
experimental part of the study employed a
universal method based on classical
impregnation techniques (intravascular
Ranvier—Coyer and immersion Bilshovsky—
Gross methods). This method was
developed by I.I. Markov (Certificate of
Authorship No. 1919100, dated September
8, 1990) and had been previously tested in
studies of microvascular blood flow in
laboratory animals [5,6].

Histological sections were examined using
microscopic techniques. Prior to staining,
paraffin sections were placed in 96%
ethanol for 20-30 minutes to remove
residual fat. The deparaffinized sections
were rinsed in distilled water, stained with
Ehrlich’s hematoxylin solution for 2-5
minutes, washed again in distilled water,
and subsequently in running tap water for
3-5 minutes. Differentiation was performed
for 1-2 seconds in 1% hydrochloric acid
solution prepared in 70° ethanol. Sections
were then washed in running water for 30
minutes with frequent changes. The
prepared slides were mounted with cover
glasses and examined under a light
microscope.

For Van Gieson staining, Weigert's iron
hematoxylin solution and a mixture of
picric acid with fuchsin were used. Pre-
prepared sections were immersed in
Weigert's hematoxylin for 2-5 minutes,
rinsed in distilled water for 10 minutes, and
subsequently placed in the picrofuchsin
solution for 2-3 minutes. The sections
were cleared in a carbol-toluol solution
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and mounted in Canada balsam for
microscopic evaluation.

RESULTS AND DISCUSSION
New data have been obtained regarding
the histostructures of the longitudinal layer
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of the muscular coat. It was revealed that
this layer is not continuous along the
circumference of the intestine but consists
of separate segments (Fig.1).

Fig 1. Cross-section of the longitudinal layer of the muscular coat of the large intestine. Hematoxylin—

eosin staining. Magnification x400

In preparations, the number of these
segments varied from 8 to 16, with the
distance between individual segments
ranging from 25 to 525 pm, and their
length from 300 to 1200 pm. The
intersegmental gaps along the intestinal
circumference were recorded to be
arranged in a clockwise direction,
indicating that the longitudinal layer of the
muscular coat moves in a spiral manner.

At the mesenteric border of the intestine,
the intersegmental gaps of the longitudinal
layer are constant and always coincide
with portions of the circular layer of the
muscular coat. In this way, muscular
“gates,” or rather muscular “tunnels,” are
formed, through which straight arteries
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enter the submucosal base, while straight
veins are directed toward the mesentery.
The straight vessels pass through the
muscular coat at angles ranging from 65°
to 850°.

Under physiological conditions, the area of
intersegmental gaps along the intestinal
perimeter constitutes between 1.98% and
4.77% of the ring area. This means that
during intestinal peristalsis, the
conductivity of the vascular bed may both
increase and decrease by up to 2.5 times.
Arteries passing through the muscular
“gates” divide into two branches of equal
diameter, forming the main submucosal
vascular plexus of the intestine. In cross-
sections, the relationship of the
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longitudinal layer of the muscular coat with
arteries, arterioles, veins, venules,
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lymphatic  vessels, and capillaries
traversing it is clearly visible (Fig. 2).

Fig 2. Cross-section of the longitudinal layer of the muscular coat of the large intestine. Staining by the
Van Gieson method. Magnification x400. Note: 1) Lymphatic capillary; 2) Arteriole; 3) Venule; 4)

Muscular coat.

The functional range of these vessels
(from complete compression between
muscular segments to maximal dilation)
demonstrates the influence of the
longitudinal muscular layer on the vascular
lumen. Notably, there is no loose
connective tissue between the walls of
lymphatic vessels and capillaries and the
muscular segments.

Thus, the results of studying the
vasculature of the human large intestine
under normal conditions show that the
extra-organ arteries supplying blood to this
organ (celiac trunk, superior and inferior
mesenteric arteries) are of the muscular-
elastic type. Their walls exhibit clearly
defined external and internal elastic
membranes. The adventitia is wide,
containing numerous blood and lymphatic
microvessels as well as nerve elements.
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This layer is connected with surrounding
organs through fascial beds. According to
our findings, the arteries located between
the folds of the intestinal mesentery lack
fascial tissue beds. However, they are
surrounded by loose connective tissue and
are bound to both layers of the peritoneum
by collagen fibers.

We have obtained new data regarding the
histostructures of the longitudinal layer of
the muscularis. It was revealed that this
layer is not continuous along the
circumference of the intestine but consists
of separate segments.

The results of experimental studies on the
morphological  structures  of  blood
circulation in the large intestine
demonstrated that, following blood
withdrawal, = angiograms showed a
reduction in the diameter of the main trunk
of the superior mesenteric artery to 2.5—
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3.0 mm (prior to blood withdrawal, the
diameter was 4.0-5.0 mm). The duration
of the arterial phase increased to 11.2 s
(before blood withdrawal — 1.5 s). Portal
pressure decreased from 6.4 mmHg to 3.8
mmHg, while blood flow in the superior
mesenteric artery decreased from 294
ml/min to 90 ml/min.

In the study of injected histological
preparations, the most significant changes
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in the microvascular bed were detected in
those regions of the intestinal wall with
shared blood supply. Moreover, these
areas are located mesoperitoneally and
are therefore functionally inactive. In the
microvascular bed of the submucosal base
of these regions, signs of impaired
vascular permeability were identified
(Fig.3), with a shift of the gradient toward
both arterial and venous microvessels.

Fig 3. Impairment of vascular permeability in the arterioles of the submucosal base of the ascending

colon in the experimental animal.
Magnification x200.

Loss of blood plasma was accompanied by
hemoconcentration changes. However, the
formation of thrombi in venules was not
observed. Along the length of numerous
arterioles, a sharp reduction in diameter
was recorded, indicating cessation of
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Intravascular impregnation by the Ranvier-Coyer method.

bleeding within them. The diameter of
venules, on the other hand, was reduced
in a fragmentary manner, characterized by
alternating constricted zones resembling
peristaltic waves (Fig.4).
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Fig 4. Spasm of arterioles and venules in the submucosal base of the ascending colon of the
experimental animal. Intravascular impregnation by the Ranvier-Coyer method. Magnification %200.

Note: 1) Arteriole; 2) Venule.

Extravasation in the microvessels of the
muscularis was less pronounced, and
bleeding within them remained minimal
throughout the experiment. Extravascular
and rheological changes, as well as
alterations in blood flow within the
microvessels of the muscularis, were also
less evident during the study. The superior
mesenteric artery differs from other major
arteries by the range of its vascularization.
With impaired perfusion of the intestinal

128

wall’'s microcirculatory bed, the velocity of
blood flow in the superior mesenteric
artery decreases, and the diameter of its
main trunk becomes reduced.

Data characterizing the microcirculatory
bed of the greater omentum indicate that a
significant volume of blood plasma leaks
beyond its boundaries into the peritoneal
cavity. The structural organization of these
vessels resembles the glomerular capillary
network of the renal corpuscle (Fig. 5).
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Fig 5. Microvascular bed of the greater omentum

in the experimental animal. Intravascular

impregnation by the Ranvier-Coyer method. Micropreparation trace. Magnification x600. Note: 1)

Arteriole; 2) Vascular glomeruli.

Thus, the results of experimental
investigation into the morphological
structures of blood circulation in the large
intestine demonstrate that, following blood
withdrawal, angiograms reveal a reduction
in the diameter of the main trunk of the
superior mesenteric artery and an increase
in the duration of the arterial phase.

In the study of injected histological
preparations, the most significant changes
in the microvascular bed were detected in
those regions of the intestinal wall with
shared blood supply. This provides
grounds to consider the greater omentum
as a donor of peritoneal fluid or even as
the “third kidney” of mammals. In the
microvascular bed of the submucosal base
of these regions, signs of impaired
vascular permeability were identified.

Loss of blood plasma was accompanied by
hemoconcentration changes. However, the
formation of thrombi in venules was not
observed. Along the length of numerous
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arterioles, a sharp reduction in diameter
was recorded, indicating cessation of
bleeding within them. The diameter of
venules, on the other hand, was reduced
in a fragmentary manner, characterized by
alternating constricted zones resembling
peristaltic waves.

CONCLUSION

The results of this study demonstrate that
morphometric analysis of the vascular
system of the large intestine is of great
importance for evaluating its functional
state both under normal conditions and in
experimental settings. Normative
parameters reveal the distributional
characteristics of vessels in different
segments of the intestine, while
experimental models allow the observation
of morphological changes in vessels
during hemorrhage and  perfusion
disturbances.
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The findings obtained:
 Expand knowledge on the

pathogenesis of ischemic and post-
ischemic changes [7].
o Provide opportunities for improving

diagnostic and therapeutic
strategies in clinical
gastroenterology [8].

e Indicate that monitoring

morphometric parameters of the
microcirculatory bed may serve as a
reliable marker for early detection of
perfusion disorders [9,10].

« Show that this approach can be
integrated into both experimental
translational research and clinical
practice through the application of
endoscopic and angiological
methods [11,12,13].

Thus, morphometric analysis of the
vascular system of the large intestine is
distinguished not only by its theoretical
relevance but also by its practical
applicability in clinical gastroenterology,
providing a reliable foundation for future
translational research.
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NORMADA V® EKSPERIMENTD® YOGUN BAGIRSAGIN QAN DAMARLARININ
MORFOMETRIK ANALIZI: KLINIK GASTROENTEROLOGIYADA T9TBIQ IMKANLARI

Babayeva R.E.
Azarbaycan Tibb Universiteti.insan anatomiyasi ve tibbi terminologiya kafedrasi
* Yazisma (¢lin elaqge E-mail: ramilababayeva18@gmail.com

Xiilaso

Bu tadgigatda normada insanin va eksperimentda heyvanlarin yogun bagirsadinin gan damarlarinin
morfometrik xususiyyatlari Oyranilmisdir. Mikroskopik metodlarla aparilan analizler naticesinde
arteriola, prekapillyar, kapillyar, postkapillyar ve venulalarin diametrleri, uzunluglari, sixhigi ve
kondalen kesik sahaleri misayyan edilmisdir.Normativ gdstericilor bagirsagin muxtalif sébalerinda
damarlarin paylanma xUsusiyystlerini agkar etmis, eksperimentds ise qanaxma ve perfuziya
pozgunluglari zamani damarlarin morfoloji dayisiklikleri izlenmisdir. Blde olunan naticaler yogun
bagirsagin damar sisteminin funksional veziyyatini giymatlendirmak, gan dévrani pozulmasi ile bagl
dayisikliklerin patogenezi haqqinda malumatlari genislondirmek va Klinik gastroenterologiyada
diagnostika ve mualice strategiyalarini takmillagdirmak Ggln shamiyyatlidir.

Acar sézlor : Yogun bagdirsaq, qan damarlari, morfometriya, mikrosirkulyator yataq, arteriola,
kapillyar, venula, eksperiment, klinik gastroenterologiya

MOP®OMETPUYECKUA AHANU3 COCYOOB TOJICTOMO KUWEYHUKA B HOPME U B
SKCMNMEPUMEHTAJNBbHbIX yCnoBusxX: KINMMHUYECKOE 3HAYEHUE ans
FACTPO3HTEPOJIOINAN

babaesa P.O.

A3zepbalidxaHckuli meduyuHckul yHusepcumem, Kaghedpa aHamomuu 4desiogeka u MeOUUUHCKOU
mepmMmuHonoauu
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Pe3iome:

B HacTosileM wnccnenoBaHUM M3ydeHbl MOPOMETPUYECKUE XapaKTEPUCTUKU COCYAOB TOMCTOro
KMLWEYHUKA Yy YerioBeka B HOpMarsibHbIX YCIOBUSIX, @ Takke B 3KCTMEpMMEHTarbHbIX MOZEensix Ha
XMBOTHbIX. C MCMONb30BaHMEM MUKPOCKOMUYECKMX METOLOB M3MEPSNUCbL AvaMeTpbl, ANWHA,
MAOTHOCTL W NMowWadb MOMEPEeYHOro CEeYeHUsl apTepuosl, NpeKkanunnsapoB, Kanunmnsipos,
MOCTKANUNNSAPOB W BeHyn. HopmaTuBHble [aHHble BbIIBUNW  pErMoHanbHble pasnuMuus B
pacnpegeneHuy cocyooB B Mpefenax TOMCTOro KULEYHWKa, Torda Kak JKcnepuMeHTanbHble
pe3ynbTaTbl NPOAEMOHCTPUPOBaNM MopdOriorMyeckne U3MeHeHUs COCYAOB MpU KPOBOTEYEHUU W
HapyweHusix nepdgysun. [lonyyeHHble [OaHHble NPefoCTaBMsitOT  LUEHHble  CBEAEHUss O
YHKUMOHANBbHOM COCTOSIHUM COCYAMCTOM CUCTEeMbl TONICTOro KMLIEYHUKA, pacluMpsitoT MOHMMaHWe
MLWEMMYECKOrO W  MOCTMLLUEMMYECKOrOo naToreHe3a W CrocoOCTBYHOT — COBEPLUEHCTBOBAHUIO
AMArHOCTUYECKUX U TepaneBTUYECKMX CTpaTernii B KIIMHUYECKOWN racTPO3HTEPONOruu.

Knroyeebie cnoea: moscmbili KUWEYHUK, KPOBEHOCHbIE cOCyObl, MOpghoMempusi, apmepuorna,
3KcriepuMmeHmarbHoe uccriefogaHue, KIuHuUYecKasi 2acmposHmeporioaust
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