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Introduction.

Ulcerative colitis (UC) and Crohn's disease (CD) are the most
common among chronic inflammatory bowel diseases (IBD)
[29], which makes their study one of the most urgent problems
of modern gastroenterology [1,2]. Development of intestinal
inflammatory processes still has unknown links, which may be
the sites of influence of targeted therapy [3,4]. The relevance of
the issue determines the constant growth of morbidity among
the able-bodied population aged 20-40, casing disability of
young people [5,6].

UC is known to be a chronic inflammatory disease of the
mucous membrane of the large intestine with the development
of ulcerative-necrotic changes in the distal parts [7]. The main
theory of the development of this disease is autoimmune, in
which auto aggression is directed against the mucous membrane
of the large intestine. Some authors attribute changes in
immunohistological reactivity, genetic predisposition to the
disease, dysbiotic shifts, neuropsychiatric disorders, allergic
reactions to UC development [8].

CD is the result of the interaction of internal and external factors
with the development of local inflammation in various parts of
the gastrointestinal tract. Immune mechanisms with a change in
the state of the epithelium of the large intestine wall are also not
excluded as one of the possible links in CD pathogenesis. The
influence of harmful factors of the external environment, which
can be associated with peculiarities of the morpho-functional
state, is yet to be determined for both diseases.

But despite the origin of the pathological process, the state of
the microcirculatory bed remains one of the determining factors
in its course. In the presence of small foci of ischemia [9,10], any
pathological process is accompanied by dystrophic-necrobiotic
consequences, which can also underlie the development or
strengthening of the inflammatory process. Based on all of the
above, the goal of our study was to determine the impact of the
development of mucosal ischemia in the colon on the activity of
proliferative processes during inflammation.

Materials and Methods.

The study used 12 adult WAG rats, divided into two equal
groups. Control group rats were fed on a standard diet. Water
was provided ad libitum. Experimental group included the rats
with chronic colitis induced by oral administration of 2.5%
solution (weight/volume) Dextran Sulfate Sodium (DSS)
(molecular weight: 40 kDa; PanReac AppliChem, Germany) in
drinking water according the scheme: from 1% to 5™ days, from
13" to 17" days, from 25™ to 29" days the animals from the
experimental group were orally administered DSS solution in
drinking water; from 6" to 12" days, from 18" to 24®, from 30®
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to 38" days they received drinking water [11,12]. On day 39,
the animals were removed from the experiment with a guillotine
knife.

The presence and extent of the pathological process in the
large intestine was assessed by the morphological method by
examining paraffin sections stained with hematoxylin and
eosin, according to Rego. Immunohistochemical examination
(IHC) was performed indirect immunoperoxidase reaction [13]
with monoclonal antibodies (mAb) to Ki67 (Thermo scientific,
USA). The reaction was visualized using a set of UltraVision
LP Detection System HRP Polymer & DAB Plus Chromogen
(Thermo scientific, USA).

Serial slides stained according to Rego and IHC that
allowed to investigate proliferative activity in ischemic area.
Morphometric study was performed using “Olympus DP-
soft 3.12” program. Volume of ischemic area was detected.
Positive Ki67 expression was diagnosed with nuclear stain in
the intermediate and superficial cells. Ki67 staining in basal or
parabasal cell was considered as negative.

Counting of cells with positive Ki67 was realized in percent
number for 1000 cells in investigated area. All values are
expressed as means, standard deviation (SD) and standard error
of'the mean (SEM) for statistical analysis. Statistical comparison
was performed using Mann-Whitney test for statistical analysis.
Spearman's rank correlation coefficient (r) was counted for
measure of the strength of relationship between paired data.
The difference between groups was considered statistically
significant at p<0.05.

The experimental part of the research was carried out in
accordance with the general ethical principles adopted by the
First National Congress of Ukraine on Bioethics (Kyiv, 2001),
the provisions of the European Convention on the Protection of
Vertebrate Animals (Strasbourg, 1986) and Council of Europe
Directive 86/609/EEC (1986), the Law of Ukraine No. 3447-
IV dated 21.02.2006 “On the protection of animals from cruel
treatment”.

Results.

Inspection microscopy of preparations stained with
hematoxylin and eosin in the experimental (injection of DSS
solution) determined alterative-desquamative changes in
the surface epithelium and epithelium of intestinal glands
(crypt); diffuse polymorphic cellular infiltration in the mucous
membrane, which in some places spread to the submucosal base
(Figure la).

Themicroscopic signs of peptic ulcerareacomplex combination
of inflammatory changes and structural abnormalities. The
diagnosis of colitis primarily implies changes in the cellular
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Figure.l. Inflammatory changes in the colon. Diffuse polymorphic cellular infiltration in the mucous membrane, staining with hematoxylin
and eosin, magnification x200 (a),; absence of ischemic focus (b) and focal ischemic area in the colon mucus (c), staining according to Rego,
magnification x200; active even proliferative activity in the colon mucus without ischemia (d) and appearance of uneven focus with reduced
proliferation above focus of ischemia (e), immunohistochemical study of Ki-67, magnification x200.

Table 1. Results of morphometric study.

Indicator Investigated group

Inflammatory bowel disease Control group
Area of ischemia, % 13.09+0.67* 3.79+0.38
Expression Ki67 in all area, (% of positive cells) 49.66+3.28* 24.32+2 .46
Expression Ki67 in area without ischemia, (% of positive cells) 57.71+£4.68* 25.39+2.02
Expression Ki67 in area with ischemia, (% of positive cells) 18.06+3.33% 13.41+1.88*

* p < 0.05 significant difference between investigated groups and group of control.

“p < 0.05 significant difference between area without and with ischemia

#p < 0.05 significant difference between all area indicators and area with ischemia

infiltrate of the lamina propria. These alterations, in turn,
can be subdivided into changes in density, composition and
distribution. Changes in density (increased density of the cell
infiltrate) imply an increase in the number of cells, revealed by
histological study of specimens obtained during the experimental
study. In the comparison group, the infiltrate is localized in the
upper part of the mucosa, while in the experimental group the
infiltrate spreads to the underlying sections, capturing the entire
mucosa. The diffuse nature of the increase in density of the cell
infiltrate is both vertical and lateral. Changes in the composition
of the cellular infiltrate are characterized by the accumulation of
plasma cells in the deep sections of mucosa and, in particular,
between the base of the crypts and the muscularis mucosa (the so-
called basal plasmacytosis). In addition to inflammatory infiltration
in the lamina propria of the mucous membrane, the content of
lymphoid accumulations and lymphoid follicles increases.

An important microscopic sign of acute colitis is the presence
of neutrophilic leukocytes in the infiltrate. In combination with
signs of damage to the epithelium, they are a morphological
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manifestation of activity. In addition to the appearance of
neutrophilic leukocytes in the cellular infiltrate, they are found
in the surface and crypt epithelium (cryptitis), which leads to
erosion and destruction of the crypts.

Investigation of slides stained according to Rego in the
experimental and control group determined presence of uneven
focal area of black color both in mucus and lamina propria,
which has to be recognized as area of ischemia (Figure 1b,
1¢). But, if it is insignificant for control group, it is statistically
reliable for inflammatory bowel disease group (p<0.05), where
such area obtains 13.09+£0.67% (Table 1).

Detection of proliferative activity depending on ischemic signs
was realized in different level of Ki67 expression. So, lowest
level of Ki67 was estimated in mucosa above black stained
smooth muscle fibers (Figure 1c) with statistically reliable
digits (Table 1). Such areas were insignificant in control group,
but their expansion in inflammatory group realized in presence
of focus without Ki67 expression (Figure 1e). Most pronounced
expression of Ki67 was observed in IBD group in area which no
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connected with ischemia (Figure 1d) and was even 57.71+4.68%
(p < 0.05). Strong negative correlation was detected between
Ki67 expression and ischemic area (r=-0.819).

Discussion.

According to the literature data, such morphological features
as neutrophils in the epithelium of the crypts (cryptitis), in the
lumen of the crypts (cryptabscess) in combination with damage
and destruction of the crypts are characteristic of active colitis
[7,14].

Structural changes in the mucous membrane of the colon are
characterized by an uneven surface and a disturbed structure
of the crypts [15]. Changes on the part of the crypts include
shortening, in which the bases of the crypts are separated
from the muscularis mucosa, disappearance of the crypts, and
especially expressed budding of the crypts (branching crypts,
caudate crypts). Atrophy of the colonic mucosa involves a
combination of loss and shortening of the crypts. In addition
to erosion, there are ulcerative defects penetrating beyond the
lamina propria with the presence of granulation tissue, fibrinoid
necrosis and exudate. Part of the mucosal cells is flattened,
which can be considered as a sign of restitution, which involves
rapid closure of the defect by migrating immature cells from
the upper sections of the crypts towards the surface [16,17]. An
increase in the proliferative activity of epithelial cells, which
is reflected, among other things, in an increase in the number
of mitotic figures, correlates well with the degree of damage to
the mucous membrane [18]. Another sign is thickening of the
muscularis mucosa.

The use of the results of a histological study to assess the activity
of UC has been used since the 1950s. The assessment of activity
can be given descriptively or using a point scale. Changes in the
intensity and composition of the lamina propria cell infiltrate,
which are assessed in histological specimens stained with
hematoxylin and eosin, make it possible to distinguish between
active, inactive colitis and the stage of remission. Disease
activity is determined by the presence of neutrophilic leukocytes
in the infiltrate in combination with signs of epithelial damage.
Inactive chronic colitis is characterized by the presence of
structural changes and an increase in the content of mononuclear
cells in the lamina propria [19]. And the disease in the stage
of remission is characterized by the presence of structural
changes without an increase in intensity and disturbances in the
composition of the infiltrate of the lamina propria.

To preserve the intestinal tissue architecture an equilibrated
balance between proliferation, differentiation and programmed
cell loss by apoptosis is needed [20]. In our research ICH with
Ki67 was strongly positive in epithelial cells of the colon both
in intact tissue and in modeling IBD with significant increasing
expression more than twice in inflammatory group. Proliferation
is process with numerous background mechanisms in regulation
with no sufficient attention to hypoxia in non-ischemic colitis
[21]. Simultaneously, local extracellular acidification is
associated with several conditions, such as ischemia and
inflammatory bowel disease [22]. Morphological detection of
such in early stage is difficult but Rego staining is an indicator of
mosaic metabolic changes in tissue, partly in myocytes [23,24].
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So, our study allows to see morphological connection between
development of ischemia and proliferation in IBD.

Ischemic damage to the lining of the small intestine occurs
remarkably fast after the onset of hypoperfusion. The lining of
the colon, in contrast, is less easily damaged by a decrease in
blood supply and its recovery occurs rather slowly compared to
the intestine [20]. But previous studies were devoted for acute
ischemic changes and less for disturbance of microcirculation
as result of continuous inflammation with formation of ischemic
focus.

Intestinal inflammation seems invariably to be associated
with increased epithelial proliferation with restructuring of
mucosal morphology in the flat-mucosa involves considerable
adaptation of the connective tissue elements of the lamina
propria [17,25]. Whether this occurs in response to changes in
ischemia and epithelial renewal is not clear. From one point of
view, increased epithelial proliferation occurs in response to
different inflammatory stimuli. But simultaneously, we found
uneven growth of such activity and even decreasing in area
which accords ischemia [26,27].

Despite development of ischemic changes, tissue expression
was restricted to cells with a high proliferation rate and
regenerative capacity in ischemic area also (18.06+3.33%).
According to literature data [28] this further supports the
decisive role in cell division. The results obtained under
ischemic conditions demonstrate a comparably high expression.
Even in the case of an ischemia injury, the regenerative capacity
of the intestine is maintained [29]. Thereby the intestine is
capable of preventing or restoring intestinal barrier dysfunction.
In combination with previously published results these findings
emphasize the substantial role of the intestinal barrier and
intestinal permeability for health and disease and reflect the
important relevance of an intact intestinal barrier [28].

In conclusion, this study cannot document about ischemia
as main link in IBD as we did not see attenuation in clinical,
endoscopic disease activity scores, we did not see attenuation
in serological and fecal biomarkers of inflammation and maybe
chronic inflamed patients in general, are in a conditioned
state. But this should be taken into account in future studies of
ischemia involving for patients with chronic inflammation.

Conclusions.

Ki67 was strongly expressed in epithelial cells of the colon
both in intact tissue and in modeling IBD with significant
increasing expression more than twice in inflammatory group (p
< 0.05) but spreading of activity process was uneven. Collation
of slides with ICH and Rego staining realized in estimation
of strong negative correlation between Ki67 expression and
ischemia (r=-0.819).
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Summary.

The state of the microcirculatory bed remains one of the
determining factors in course of inflammatory bowel diseases
(IBD). The presence of small foci of ischemia could realize in
dystrophic-necrobiotic consequences, which can also underlie
the development or strengthening of the inflammatory process.
Based on above, the goal of our study was to determine the
impact of the development of mucosal ischemia in the colon
on the activity of proliferative processes during inflammation.

Materials and methods. The study was performed on 12
adult WAG rats with modeling IBD by oral administration
of 2.5% solution Dextran Sulfate Sodium. Serial slides of the
colon where made with stained with hematoxylin and eosin,
according to Rego, immunohistochemical examination (IHC)
to Ki67. Volume of ischemic area and Ki67 expression were
detected. Statistical comparison was performed.

Results. Inspection microscopy in the DSS experimental group
determined alterative-desquamative changes in the surface
epithelium and epithelium of intestinal glands (crypt); diffuse
polymorphic cellular infiltration in the mucous membrane,
which in some places spread to the submucosal base, that are
morphological manifestations of IBD. Foci of ischemia had
been detected in that group with 13.09+0.67% volume as just
microfocal changes were observed in intact animals (p < 0.05).
Detection of proliferative activity depending on ischemic
signs was realized in different level of Ki67 expression. So,
lowest level of Ki67 was estimated in mucosa above ischemia
(18.06+3.33%). Most pronounced expression of Ki67 was
observed in IBD group in area which no connected with
ischemia and was even 57.71£4.68% (p < 0.05).

Conclusions. Ki67 was strongly expressed in epithelial
cells of the colon both in intact tissue and in modeling IBD
with significant increasing expression more than twice in
inflammatory group (p < 0.05) but spreading of activity process
was uneven. Collation of slides with ICH and Rego staining
realized in estimation of strong negative correlation between
Ki67 expression and ischemia (r=-0.819).

Key words. Colitis, experiment, proliferation, ischemia,
morphometry.
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Pesrome.

CocTrosiHIE MHKPOLMPKYIATOPHOTO PYClIa OCTACTCS OJHHUM
U3 OIpeAensIiommX (PaKTOPOB TEYEHHWS BOCHAIHTEIBHBIX
3aboneBanmii  kumeyHuka (B3K). Hammume — menkux
0YaroB WIIEMHHM MOXKET pPEaln30BaThCs B AUCTPOPHUECCKH-
HEKPOOHMOTHYIECKNX MOCJIEACTBHUAX, YTO TAKKE MOXKET JIEKaTh
B OCHOBE Pa3BUTHS WJIH YCHJICHHS BOCTIINTEIBHOTO TPOIIECCa.
Hcxonst 3 M310KEHHOTO, LENBI0 HALIETO UCCIEA0BAHNS OBIIO
OIIpeAEIICHNUE BIUSHIS Pa3BUTHSI HIIIEMHH CIIU3UCTON 000IOUKH
TOJICTOW KHIIKM HAa aKTHBHOCTH NMPOJIN(EPaTUBHBIX IPOLECCOB
TIPY BOCTIAJICHHH.

Marepuanbl u Metoabl. lccienoBaHue BBINOJIHEHO Ha
12 B3pocuex kpeicax muHEH WAG ¢ mMonmenmmpoBanuem B3K
IyTeM TepopanbHOro BBeAeHUs 2,5% pacTBopa AEKCTpaHa
cynbdara HaTpus. CepuifHBIE IpemapaTsl TOJCTOH KHIIKH
OKpaIlIMBaJIA TEMaTOKCHIMHOM M 303WHOM, 110 Pero, mpoBoamin
nMMyHOTHCTOXHMHIYeckoe wuccnenoBanne (MI'X) ma Ki67.
Omnpenemnsin 00BeM 30HBI HIIeMHUN U dKcnpeccrro Ki67. beuro
MIPOBEJCHO CTATHCTHYECKOE CPAaBHEHHE.

Pesyabrarbl. [Ipy  KOHTPOJIBHOH  MHUKPOCKONIMHM B
9KCIIEPUMEHTANIBHOM TpYIE ONPEACISUIICE albTEPATHBHO-
JICCKBaMAaTUBHBIE HM3MEHEHUS TOBEPXHOCTHOTO  BIUTEIHSA
W OIUTENHS KHMICYHBIX JKede3 (KpumTel); IuddysHas
monmuMopdHas KIeTodHas WHQWIbTpamus B  CIH3HCTOU
000JI09Ke, MECTAMH PacIpOCTPAHSIONIAACS HA MOACIH3UCTYIO
OCHOBY, 4TO sABJsieTcst Mopdonorndecknm npossiaenueM B3K.
Ouarn nmemua B 3Toi rpymme 3ausumu 13,09+0,67%, Torna xax
Y MHTaKTHBIX )KHBOTHBIX HAOTIOJAIIIICh TOJIBKO MUKPOOYAroBbIe
mmenerns (p < 0,05). BriiBiaenne mnpommudepaTuBHON
aKTHBHOCTH B 3aBHCHMOCTH OT TPH3HAKOB WIIEMHH BBISIBHIO
pasHbIii ypoBeHB dkcmpeccnu Ki67. Tak, cambplii HH3KHMA
ypoBeHb Ki67 oTMedueH B CIM3UCTON 000J0YKE HAJ HIIEMHUEH
(18,06+3,33%). Hambomee BwIpaxkeHHas skcmpeccust Ki6b7
Habmomanace B rpynme B3K B oGmactm, HE CBS3aHHOH C
umeMueit, u cocrapisia 57,714+4,68% (p < 0,05).

BeiBoabl. Bripaxennas okcmpeccuss Ki67 BeisiBieHa B
SMUTENNATIBHBIX KJIETKaX TOJCTOW KHIIKK KaK B MHTaKTHOU
TKaHW, Tak ¥ npu Moxenuposannu B3K co 3HaunTensHBIM
YBEMMUCHWEM OKCIIpeccMHM 0Oojee dYeM B JBa pasza B
BoCTanuTeNbHOI rpymme (p < 0,05), omHaKo pacTpocTpaHeHHE
aKTHBHOCTH TIpoliecca O0buT0 HepaBHOMEpHBIM. ComocTaBieHNe
npenapaTtoB ¢ okpammBaHueM 1o Pero u UI'X, BbIsBUIIO
CHJIBHYIO OTpPHUIATENFHYIO0 KOPPEISALHOHHYIO CBSI3b MEXIY
skcrpeccueit Ki67 n umemmueii (r = -0,819).

KaioueBble cioBa. KOMHUT, JKCIIEPUMEHT, Hpoiudepariis,
HTIeMus, MOp(HOMEeTpHSI.



