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STRUCTURAL CHANGES OF GASTRIC MUCOSA IN PATIENTS WITH INTESTINAL
METAPLASIA AND NITROGEN OXIDE HYPERPRODUCTION
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Background. Chronic gastritis — presence of aggressive inflammation in the gastric
mucosa (GM) which often results in its destruction — is one of the most common pathologies
affecting upper part of the digestive system. Progressive specific changes in the GM, both
functional (acid-forming disorder) and structural (atrophy) are the highest independent risks for
gastric cancer known so far [1,3].

According to the modern international scientific position, atrophy is defined as "loss of
the corresponding glands structure™. This definition covers both the "loss" of the natural glands
(fibrosis) and the metaplastic changes of the corresponding glands, as a result of which they
acquire a characteristic structure and lose the ability to perform their function [1].

Entire complex of the changes that occur in chronic gastritis includes cell death (from
the structural breakdown point of view) and the development of oxidative stress [2,3]. Nitric
oxide (NO) is a membrane-permeable gaseous secondary messenger that participates in signal
transduction of the central and autonomic nervous systems and regulates many respiratory,
genitourinary and gastrointestinal tract functions [4-7].

In the human stomach, NO and a number of other bioactive nitrogen oxides are formed
from precursors that come with food and saliva [8-10,16]. Hydrochloric acid, which is secreted
by the parietal cells of the gastric mucosa, is a key catalyst for many reactions involving nitric
oxide and its derivatives. The key link here is the protonation of nitrites in the lumen of the
stomach and the formation of nitric acid. This acid itself is essentially a nitrosating agent, but it
can also spontaneously disintegrate with the formation of NO and other nitrogen oxides [11,12].
In the stomach, due to the transformation of nitrates and nitrites, nitrosation products are formed
which can be transported to the blood and act as a powerful vasodilator, capable of lowering
arterial pressure [13,18].

Factors that affect the production of NO and other reactive nitrogen oxides in the
stomach include pH, the amount of nitrites, the presence of vitamin C, thiocyanate, polyphenols,

the availability of proteins, thiols, and oxygen pressure. The formation of NO in the stomach is



also an acid-dependent process that can be suppressed by proton pump inhibitors that increase
the pH of the stomach [19].

The biological significance of NO formation and its effect on preserving the integrity of
GM remains not yet fully understood, but its role in the regulation of the periodic motor activity
of the stomach is carried out by diffusion signal transmission [20]; NO, as a secondary mediator,
provides vasodilator effects of the vagus nerve, acts as a neurotransmitter in the peripheral
nerves innervating the gastrointestinal tract [20, 21]. However, despite the predominantly
positive role of NO, the amount of nitric oxide released in the stomach is critically important.
The negative effect of NO begins to occur when its concentration drops sharply or increases,
which leads to functional and structural damage to the organ [20].

It should be noted that the literature data on the study of the functional activity of NO
are based, basically, on the results of studies of the final products of metabolism (nitrates and
nitrites) in the blood serum. Meanwhile, these data may depend on a number of factors,
including the presence of concomitant pathology of other organs and body systems. The study of
the NO levels in gastric juice in diseases of the upper gastrointestinal tract, as a marker for
assessing the activity of destructive processes in the GM is of considerable interest.

Thus, the aim of this study was to analyze structural changes in gastric mucosa and
assess the role of nitric oxide system in these processes in patients with chronic gastritis and
intestinal metaplasia.

Materials and methods. The present study was undertaken in order to analyze the
morphological and biochemical changes in 38 patients with chronic gastritis, which were divided
into three groups: | group - atrophy of the GM (6 patients); II group - intestinal metaplasia
located in the antrum (12 patients); Il group - diffuse intestinal metaplasia (20 patients). The
control group consisted of practically healthy persons.

Structural changes were analyzed in GM biopsies obtained during gastroscopy (2
biopsies from the fundus and antrum parts of the stomach on small and large curvature, and 1
biopsy from the incisura angularis). Imprints for bacteriological examination for the presence of
helicobacter infection were made for all patients, and in the presence of helicobacter in the
mucous membrane of the stomach, the degree of its severity was determined.

For histological investigations, gastric biopsies were immediately fixed in 10%
formalin, paraffin-embedded sections were cut at 3-5 microns and mounted on glass slides.
Sections were deparaffinized and stained with hematoxylin-eosin or PAS-reaction was
performed, morphometric studies were performed with a correlation analysis of the data.



For the morphometric study histological specimens were photographed using an X1000
light microscope XSP-139TP and measured with ImageJ 1.45 software (National Institutes of
Health, USA).

The concentration of NO in the gastric contents was determined by the method of
Reinhold, Wilson.

The analysis of the results was performed using the methods of descriptive statistics: the
calculation of the average, 95% interval and the standard error in the sample, the result was
recorded as M = m. Comparison of the mean values was performed using parametric methods.
To determine the relationship between the two indicators, a correlation analysis was conducted
to determine the reliable Pearson correlation coefficients and Spearman rank coefficients.

The comparative analysis was conducted with the indicators in the control group, which
consisted of practically healthy persons. The evaluation of the studied indicators was given in
accordance with their changes: NO in gastric juice - (14.32 + 19.48) umol/I; NO in the blood -
(25,0 £ 58,3) umol/1; Cholic acid in gastric juice - (0,00 + 0,006) mmol/I.

Results and discussion. In order to improve the accuracy of the histological study, the
following morphometric indices were calculated on the microphotographs obtained with the help
of an 1000X imaging lens: nuclear-cytoplasmic ratio (NCR), nuclei ellipticity coefficient (NEC)
and the nuclei homogeneity coefficient (NHC). Given the structural difference between the
native cells of the stomach and intestinal glands, these indices were calculated separately for
metaplastic cells and for native cells in the zones bordering the IM.

Changes in the NCR are among the first and most precise signs of the IM and dysplasia
in GM. Thus, if the NCR of unchanged gastric glands was equal to 0.18 £+ 0.02%, in the IM cells
it was significantly increased to 0.33 = 0.03% (p <0.05). It is important to note that the increase
in NCR in metaplastic cells was most often accompanied by its decrease in adjacent areas.
Particularly noticeable this difference was observed in the biopsy of patients of the Il group. In
this group, according to the histological study, hyperplasia of the GM glands was observed in
42.9% of cases. A morphometric study showed a significant reduction in NCR to 0.12 + 0.04%
(Figure 1), with a slight decrease in NCR even in cases where no marked hyperplastic changes

were noted in the histological and endoscopic examination.



.

Figure 1. Morphometric signs of GM hyperplasia. A) The structure of unchanged glands, NCR is
not reduced. Hematoxylin and eosin, X1000; B) Biopsy of the group III patient. Structure of
glands with signs of epithelium hyperplasia, marked increase in the volume of the cytoplasm and

reduction of HCV. Hematoxylin and eosin, X1000.

Another detector of the initial changes in the native structure of the GM is NEC. The
accuracy of the NEC is slightly higher than that of the NCR, but does not depend on the overall
size of the cells, which reduces the margin of error from the orientation of the sections. In our
study, the NEC of native cells decreased with the development of IM. Thereby, for the I group it
was equal to 0.76 £ 0.04%, for the II group it was equal to 0.65 + 0.11%, and for the III group it
was equal to 0.41 + 0.12% (Fig. 2). Statistical analysis revealed a strong correlation between this
parameter and NCR (r = 0.55, p<0.05). The NEC of metaplastic cells ranged from 0.66 + 0.01%
to 0.89 &+ 0.09%, regardless of the study group.

Pleomorphism of the nuclei, which is the hallmark of more severe structural changes in
the GM, is characterized by marked fluctuations in the mean diameter deviation of the epithelial
cells nucleus and the increase in NCR.




Figure 2. Morphometric signs of hyperplasia in the GM. A) Structure of unchanged glands, NEC

is not reduced. Hematoxylin and eosin, X1000; B) Biopsy of the group III patient. Hyperplasia

of the epithelium, noticeable changes in the shape of the nucleus and reduction of NEC.

Hematoxylin and eosin, X1000.

In our study, there were no significant differences between the values of NCR in the

analyzed groups (Fig. 3 A). However, in one case, against the background of IM, which was

characterized by a large area of diffusion (> 75% of the total biopsy area), but a reduced number

of glass-shaped cells, a significant increase in NCR was noted (Fig. 3B), which allowed to

consider this case as dysplasia of the GM.

Figure 3. Morphometric signs of GM dysplasia. A. IM, NCR does not exceed the control values.

Hematoxylin and eosin, X1000; B) Initial signs of dysplasia, a marked variation of NCR. PAS

reaction, X1000.

Nitric oxide (NO), which production may increase at the expense of Helicobacter life-

sustaining activity, or decrease due to the development of oxidative stress accompanying IM [3],

has the ability to upregulate the enzymatic activity of DNA methyltransferase without affecting

the expression level of mRNA [3]. In our study, the content of NO in gastric juice tended to

increase only in the second group of patients, by 14%, compared to the control (Table 1).

Table 1. Mean value of nitric oxide in blood and gastric juice for study groups

Control Group I Group 11 Group III
pH 2,75+0,25 4,95+1,36* 2,9440,51 4,66+0,63*
Cholic acid, mmol/I 0,41+0,15 0,50+0,40 0,30+0,09 0,52+0,27
NO gastric juice, 74,76+0,76 73,20+0,07 86,84+9,00 73,03£10,62




mkm/I

NO in blood, mkm/I 20,82+0,72 26,20+1,27 23,80+1,00 22,16+1,48

* p<0,05 — likelihood of changes between parameters in patients compared to the control group.

Statistical data processing allowed us to detect a weak inverse correlation between the
area of IM and the content of NO in the blood (r = 0.355, p = 0.037), but we believe that this link
is more likely mediated through the factors of chronic inflammation, signals from macrophages,
IL -1 or TNF-a, which is also confirmed by the lack of a reliable association with the NO content
in the gastric juice.

On the other hand, nitric oxide may be an aggressive factor due to its ability to inhibit
cyclooxygenase under certain conditions, to increase the cytotoxicity of hydrogen peroxide, and
to initiate apoptosis of cells. NO reacts with cellular iron-containing proteins (such as Krept's
aconitase, complex I-111 mitochondrial electron transfer chains) and completely inactivates them
by S-nitrosylation. In the presence of oxygen, active NO intermediates (including peroxynitrite),
which directly manifest cytotoxic action, are formed [14, 15, 17].

Hyperproduction of nitric oxide also causes inhibition of glyceraldehyde 3-phosphate
hydrogenase by ribosylation and nitrosylation. This leads to inhibition of glycolysis and, as a
consequence, a disturbance of energy metabolism. All of these undesirable effects are mediated
by the activation of NOS and excessive NO generation. In high concentrations, nitric oxide is a
factor in endogenous intoxication, which determines its cytotoxic effect and causes the death of
cells and tissues by the mechanisms of apoptosis and necrosis [12].

Conclusions. Morphometric study showed a marked decrease (to 0.12 = 0.04%) in the
nuclear-cytoplasmic ratio in the patients with intestinal metaplasia compared to patients with
atrophy, while the ellipticity of the nuclei of the native cells also decreased with the development
of intestinal metaplasia, and in patients without metaplastic changes was equal to (0,76 =+
0.04)%, for cases of antrum localized intestinal metaplasia — (0.65 + 0.11)%, and for the diffuse
metaplasia — (0.41 £ 0.12)%. It was found that in patients with antrum localized intestinal
metaplasia, the level of nitric oxide in gastric juice increases and was 24-65% higher than the
control values. It is assumed that the inhibitory effect of nitric oxide on acidic gastric secretion is
realized at the expense of the stimulating effect of nitric oxide on the activity of cyclooxygenase
and the synthesis of prostaglandins. A possible mechanism of gastric mucosa cells’ death by

apoptosis and necrosis under conditions of hyperproduction of nitric oxide is suggested.
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STRUCTURAL CHANGES OF GASTRIC MUCOSA IN PATIENTS WITH INTESTINAL
METAPLASIA AND NITROGEN OXIDE HYPERPRODUCTION
Mosiychuk L.M., Oshmianska N.Y ., Babii S.M.

Aim: to analyze structural changes in gastric mucosa and assess the role of nitric oxide
system in these processes in patients with chronic gastritis and intestinal metaplasia.

Materials and methods: morphological study was undertaken in 38 patients with
chronic gastritis with atrophy, intestinal metaplasia located in the antrum and diffuse intestinal
metaplasia. Concentration of NO were measured in gastric contents and in the blood.

Results: morphometric study showed a marked decrease (to 0.12 £ 0.04%) in the nuclear-
cytoplasmic ratio in the patients with intestinal metaplasia compared to patients with atrophy,

while the ellipticity of the nuclei of the native cells also decreased with the development of



intestinal metaplasia, and in patients without metaplastic changes was equal to (0,76 = 0.04)%,
for cases of antrum localized intestinal metaplasia — (0.65 + 0.11)%, and for the diffuse
metaplasia — (0.41 + 0.12)%. It was found that in patients with antrum localized intestinal
metaplasia, the level of nitric oxide in gastric juice increases and was 24-65% higher than the
control values. A possible mechanism of gastric mucosa cells’ death by apoptosis and necrosis
under conditions of hyperproduction of nitric oxide is suggested.

Conclusions: It is assumed that the inhibitory effect of nitric oxide on acidic gastric
secretion is realized at the expense of the stimulating effect of nitric oxide on the activity of
cyclooxygenase and the synthesis of prostaglandins.

Kew words: gastric intestinal metaplasia, nitrogen oxide, chronic gastritis, dysplasia

CTPYKTYPHI 3MIHU CJIN30BOI OBOJIOHKU IJIVHKY V ITAIIEHTIB 3
KNIIKOBOK METAIUIA3IEIKO TA THIEPITPOAYKIICIO OKCUJJA A30TY
Mociituyk JI.M., Ommsiaceka H.FO., ba6iit C.M.

Mera: npoaHanizyBaTH CTPYKTYPHI 3MiHU CIIM30BOT OOOJIOHKY IIJTYHKY Ta OLIHUTH POJIb
CHCTEMH OKCHY a30Ty B IIUX MpoIlecax y MaIli€HTIB 3 XPOHIYHUM raCTPUTOM Ta KUIIKOBOIO
MeTaruiasi€eo.

Marepiaau Ta MeToamn: MmopdosoriyHe AOCTIHKEHHS TPOBOMIOCS Y 38 MaIl€HTIB 3
XPOHIYHUM TaCTPUTOM Ta aTpodiero, JIOKATbHO a00 AU(Y3HOIO KUIIKOBOI METAaIUIa3i€ero.
Konuentparis NO Oyna BUMipsiHa y BMICTI IUTYHKY Ta B KPOBI BCIX Malli€HTIB.

Pe3yabTaT: MopdomeTpruHe TOCTIIKEeHHS MToKa3ano momitHe 3HmwkeHHs (10 0,12 + 0,04%)
AIEPHO-IIUTOIUIA3MATUYHOTO CIIBBIAHOUIEHH] MPU PO3BUTKY KUIIKOBOI MeTaruiasii;
eMINTUYHICTS SIep KIITHH TaK0XK 3MEHIIIyBalacs 3 pO3BUTKOM KUIIKOBOI MeTaruiasii Ta y
naiieHTiB 6e3 MeraracTuyHuX 3MiH qopiBHIoBana (0,76 + 0,04)%, y Bunagkax JOKaIbHOI
KUIITKOBOT MeTarasii antpyma — (0,65 £ 0,11)%, a qst nudysnoi merarmnasii — (0,41 + 0,12)%.
BcranoBieHo, 110 y XBOPHX 3 JTOKAJIbHOIO KUIIIKOBOIO METAIUIa31€l0 aHTpaMy piBEHb OKCUIY
a30Ty B INTYHKOBOMY COKY 30U1bIIIyeThes 1 HA 24-65% nepeBulllye KOHTPOJIbHY BEIUYUHY.
3arponoHOBaHO MOXKIIMBUI MEXaHi3M 3aru0ei KIITHH CIIM30BO1 000JIOHKH UTYHKA HIITXOM
aronTo3y Ta HEKPO3y B YMOBaX TiMEepHpOAYKIIil OKCUAY a30Ty.

BucHoBKH: IHTOYIOYHI BIUTMB OKHCY a30TY Ha IIUTYHKOBY CEKPEIIII0 Peali3yeThCs 32 paXyHOK

CTUMYJIIOI0YOr'0 BINIMBY OKCHUAY a30Ty Ha aKTHUBHICTh IMUKJIOOKCUI'CHA3U Ta CUHTE3Y



MIPOCTAarjIaH/INHIB.

K11040Bi cj10Ba: KUIIKOBA METAIUIa3isl HUTyHKA, OKCH]T @30Ty, XPOHIYHHIA TaCTPUT, TUCTIIA3is

CTPYKTYPHBIE USMEHEHMU S CJIM3UCTOM OBOJIOUKHU XKEJIYJIKA Y
ITALIMEHTOB C KUIIIEYHON METAIUIA3UEN Y TUIIEPIIPOAYKIIMEN OKCUA
A30TA
Mocuituyk JI.M., Ommsuckas H.1O., babuit C.M.

Iesb: npoaHaIM3UPOBaTh CTPYKTYPHBIE H3MEHEHUSI CIIM3UCTON 000JIOUKH JKETyAKa U
OLICHUTH POJIb CUCTEMBI OKCH/IA a30Ta B ATUX IIpOLEccax y MalUEHTOB C XPOHUUYECKUM
racTpUTOM U KUILIEYHOH MeTaruia3zuei.

MaTtepuajbl H MeTOABI: MOP(OIOrHYECKOE HCCIeI0BaHUE IPOBOJAMIOCH Y 38
HAlMEHTOB ¢ XPOHUYECKUM raCTPUTOM U aTpoduei, TIokanbHOU min auddy3Hol KueyHon
metarniasueid. Konnentpamust NO Obuia n3mMepeHa B COISPKIMOM JKEITy/IKa U B KPOBU BCEX
HAIMEHTOB.

Pe3yabTaThl: MopdomeTprueckoe uccie0BaHie 0Ka3aJlo 3aMETHOE CHIKEHHE (110
0,12 £ 0,04%) saepHO-IIUTOIIA3MAaTHYECKOTO COOTHOIIEHUS IIPU PA3BUTUH KUILIEYHON
MeTaruia3uu; SJUIMITUYHOCTD S/IEp KIETOK TaKyKe YMEHbIIAIACh C Pa3BUTHEM KHUILIEUHON
MeTaIIa3uy U y MaIlMeHToB 0€3 MeTaruiacTHYecKux u3Menenuii cocrasisiia (0,76 = 0,04)%, B
cilyyasix JOKaJbHOM KUIEYHOM MeTama3zuu antpyma - (0,65 £ 0,11)%, a 11t nuddy3Hoit
metamnaszuu - (0,41 £ 0,12)%. YcraHoBIeHO, YTO y OONBHBIX C JIOKaTbHOW KUIIEYHON
MeTaruia3uei aHTpyMa YPOBEHb OKCHIa a30Ta B XKEITyIOYHOM COKE yBenmunuBaeTcs U Ha 24-65%
IpeBbIIIal KOHTPOJIbHBIE BEIMYUHBL. [IpeiokeH BOZMOKHBIN MEXaHNU3M THOENU KIETOK
CJIN3UCTON 00OJIOUKH JKENTy/IKa ITyTeM aronTo3a U HEKpo3a B YCIOBUSAX TUIEPIPOIYKIIMHM OKCUAA
azora.

BbiBoabI: nHTHOUpYIOLIEe BIMSIHUE OKUCH a30Ta Ha JKEIYJOYHYIO CEKPELIHIO
peanu3yeTcs 3a CUeT CTUMYJIMPYIOIIETO BIUSHUS OKCHIA a30Ta Ha aKTUBHOCTh
LIMKJIOOKCUT€HA3bl ¥ CUHTE3a POCTAIrJIaHJUHOB.

KiroueBble cj10Ba: KMILIEYHAs] METAIUIA3Ms JKEITyIKA, OKCUJ a30Ta, XPOHUYECKU I

TaCTPHUT, AUCILIA3HA



