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Abstract. Background. The purpose was to analyze structural changes in gastric mucosa and to assess the
role of nitric oxide system in these processes in patients with chronic gastritis and intestinal metaplasia. Materi-
als and methods. Morphological study was conducted in 38 patients with chronic gastritis with atrophy, intestinal
metaplasia located in the antrum and diffuse intestinal metaplasia. Concentration of nitric oxide was measured
in gastric contents and in the blood of all patients. Results. Morphometric study showed a marked decrease (to
(0.12 = 0.04) %) in the nuclear-cytoplasmic ratio in patients with intestinal metaplasia compared to patients with
atrophy, while the ellipticity of the native cell nuclei 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 increased and was 24-65 % higher
than the control values. A possible mechanism of gastric mucosa cell death with apoptosis and necrosis under
hyperproduction of nitric oxide is considered. Conclusions. The inhibitory effect of nitric oxide on acidic gastric
secretion is realized at the expense of its stimulating effect on the activity of cyclooxygenase and the synthesis of

prostaglandins.
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Introduction

Chronic gastritis — the presence of aggressive inflamma-
tion in the gastric mucosa (GM), which often results in its
destruction, is one of the most common pathologies affect-
ing upper digestive system. Progressive specific changes in
the GM, both functional (acid-forming disorder) and struc-
tural (atrophy), are the highest independent risks for gastric
cancer known so far [1, 3].

According to the modern international scientific posi-
tion, atrophy is defined as “loss of the corresponding gland
structure”. This definition covers both the “loss” of the natu-
ral glands (fibrosis) and the metaplastic changes of the corre-
sponding glands, as a result of which they acquire a characte-
ristic structure and lose the ability to perform their function [1].

All the changes that occur in chronic gastritis include
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 messen-
ger that participates in signal transduction of the central and
autonomic nervous systems and regulates many respiratory,
genitourinary and gastrointestinal functions [4—7].

In the human stomach, NO and a number of other bio-
active nitrogen oxides are formed from precursors that come
with food and saliva [8—10, 16]. Hydrochloric acid 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 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 vasodi-
lator, capable of lowering arterial pressure [13, 18].

© «lactpoeHTeponoris» / «facTpo3Hteponorus» / «Gastroenterology» («Gastroenterologia»), 2018
© Bupaseup 3acnascokuii 0.10. / U3patens 3acnasckuit AKO. / Publisher Zaslavsky 0.Yu., 2018

[ina kopecnonaeuii: babiit (Bitnana OnekcaHapisHa, kaHAMAAT GionoriyHUX HayK, CTapLUMIi HayKoBMiA CNIBPOGITHIK HayKOBO-AoCNiAHOTO cekTopy, 1Y «IHcTuTyT ractpoenteponorii HAMH Ykpainu»,
np. CnoboxkaHcbKuii, 96, M. [IHinpo, 49074, Ykpaita; e-mail: babiy.sveta@gmail.com; KoHTakTHUii Ten.: +38 (0562) 27-56-16.

For correspondence: Svitlana Babii, PhD, Senior Research Fellow at the Scientific and Research Department, State Institution“Institute of Gastroenterology of the National Academy of Medicine Sciences
of Ukraine”, Slobozhanskii Avenue, 96, Dnipro, 49074, Ukraine; e-mail: babiy.sveta@gmail.com; phone: +38 (0562) 27-56-16.

Vol. 52, No 2, 2018

www.gastro.org.ua, http://gastro.zaslavsky.com.ua 6


mailto:babiy.sveta@gmail.com

MaroAorisi BepXxHiX BiaAiAiB TPABHOro KaHAAy / Pathology of Upper Gastrointestinal Tract

Factors that affect the production of NO and other reac-
tive nitrogen oxides in the stomach include pH, the amount
of nitrites, the presence of vitamin C, thiocyanate, polyphe-
nols, the availability of proteins, thiols, and oxygen pressure.
The formation of NO in the stomach is also an acid-depen-
dent process, which can be suppressed by proton pump in-
hibitors that increase the pH of the stomach [19].

The biological significance of NO formation and its ef-
fect on preserving the integrity of GM remains not yet fully
understood, but its role in the regulation of the periodic mo-
tor activity of the stomach is realized through diffusion signal
transmission [20]; NO, as a secondary mediator, provides va-
sodilator 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 oc-
cur 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 NO functional activity are based mostly on the results of
studying the final products of metabolism (nitrates and ni-
trites) in the blood serum. Meanwhile, these data may depend
on a number of factors, in particular, the presence of con-
comitant 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.

The purpose of this study was to analyze structural
changes in gastric mucosa and to evaluate the role of nitric
oxide system in these processes in patients with chronic gas-
tritis 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 divided into three groups: group I — atro-
phy of the GM (n = 6); group Il — intestinal metaplasia
located in the antrum (n = 12); group III — diffuse intes-
tinal metaplasia (n = 20). The control group consisted of
apparently healthy persons.

Structural changes were analyzed in GM biopsies obtained
during gastroscopy (2 biopsies from the fundus and antrum of
the stomach on lesser and greater curvatures, and 1 biopsy
from the incisura angularis). Imprints for bacteriological ex-
amination for the presence of helicobacter infection were
made in all patients, and in the presence of helicobacter in the
gastric mucosa, the degree of its severity was determined.

For histological investigations, gastric biopsies were im-
mediately fixed in 10% formalin, paraffin-embedded sec-
tions were cut at 3—5 microns and mounted on glass slides.
Sections were deparaffinized and stained with hematoxyli-
neosin or periodic acid Schiff (PAS) reaction was per-
formed, morphometric studies were carried out with a cor-
relation analysis of the data.

For the morphometric study, histological specimens
were photographed using 1000x 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 de-
termined by the method of Reinhold and Wilson.

The analysis of the results was performed using the me-
thods of descriptive statistics: the calculation of the mean,
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 re-
lationship 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 in-
dicators in the control group consisted of apparently
healthy persons. The evaluation of the studied indicators
was given in accordance with their changes: NO in gas-
tric juice — (14.32 £+ 19.48) pmol/l; NO in the blood —
(25.0 £ 58.3) umol/l; cholic acid in gastric juice —
(0.000 £ 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 1000x imaging
lens: nuclear-cytoplasmic ratio (NCR), nuclear ellipticity
coefficient (NEC) and the nuclear homogeneity coefficient.
Given the structural difference between the native cells of
the stomach and intestinal glands, these indices were calcu-
lated separately for metaplastic cells and for native cells in the
zones bordering those affected by intestinal metaplasia.

Changes in the NCR are among the first and most
precise signs of intestinal metaplasia and dysplasia in
GM. Thus, if NCR of unchanged gastric glands was equal to
(0.18 £ 0.02) %, in cells affected by intestinal metaplasia it
was significantly increased — to (0.33 £ 0.03) % (p < 0.05).
It is important to note that the increase of NCR in meta-
plastic cells was most often accompanied by its decrease
in adjacent areas. This difference was particularly notice-
able in the biopsy samples of patients from group III. In
this group, according to the histological study, hyperplasia
of the GM glands was detected in 42.9 % of cases. A mor-
phometric study showed a significant reduction in NCR to
(0.12 £ 0.04) % (Fig. 1), with a slight decrease in NCR even
in cases where no marked hyperplastic changes were noted
in the histological and endoscopic examination.

Another sign of the initial changes in the native structure
of the GM is NEC. The accuracy of 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. There-
by, for group I, it was equal to (0.76 = 0.04) %, for group
IT — (0.65 £0.11) %, and for group III — (0.41 £ 0.12) %
(Fig. 2). Statistical analysis revealed a strong correlation be-
tween 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 significant fluctuations in the mean diameter of the epi-
thelial cell nucleus and the increase in NCR.
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In our study, there were no significant differences between  cells, a significant increase in NCR was noted (Fig. 3b) that
the values of NCR in the analyzed groups (Fig. 3a). However,  allowed considering this case as dysplasia of the GM.
in one case, against the background of intestinal metaplasia, NO, the production of which may increase at the ex-
which was characterized by a large area of diffusion (> 75 %  pense of Helicobacter life-sustaining activity or decrease due
of the total biopsy area), but a reduced number of goblet tothe development of oxidative stress accompanying IM [3],

a b

Figure 1 — Morphometric signs of GM hyperplasia: a) the structure of unchanged glands, NCR is not reduced.
Hematoxylin and eosin, x 1000; b) biopsy of the group Il patient. Structure of glands with signs of epithelial
hyperplasia, marked increase in the volume of the cytoplasm and reduction of NEC. Hematoxylin and eosin, x1000

a b

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 Ill patient. Hyperplasia of the epithelium, significant
changes in the shape of the nucleus and reduction of NEC. Hematoxylin and eosin, x1000

a b

Figure 3 — Morphometric signs of GM dysplasia: a) intestinal metaplasia, NCR does not exceed the control values.
Hematoxylin and eosin, x1000; b) initial signs of dysplasia, a marked variation of NCR. PAS reaction, x1000
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Table 1 — Mean value of nitric oxide in the blood and gastric juice for study groups

Controls Group | Group Il Group Il
pH 275+0.25 4.95 + 1.36" 2.94 + 0.51 4.66 + 0.63"
Cholic acid, mmol/l 0.41 +£0.15 0.50 = 0.40 0.30 = 0.09 0.52 +0.27
NO in gastric juice, pmol/l 74.76 £ 0.76 73.20 £ 0.07 86.84 + 9.00 73.03 £ 10.62
NO in the blood, pmol/I 20.82 +0.72 26.20 = 1.27 23.80 + 1.00 22.16 + 1.48

Note. * — p < 0.05 — likelihood of changes between parameters in patients compared to the control group.

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 controls (Table 1).

Statistical data processing allowed us to detect a weak
inverse correlation between the area of intestinal metaplasia
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 macro-
phages, interleukin 1 or tumor necrosis factor a, which is
also confirmed by the lack of areliable association with the
NO content in gastric juice.

On the other hand, nitric oxide may be an aggressive
factor due to its ability to inhibit cyclooxygenase under cer-
tain conditions, to increase the cytotoxicity of hydrogen
peroxide, and to initiate apoptosis. NO reacts with cellular
iron-containing proteins (such as aconitase, complex [—III
mitochondrial electron transfer chains) and completely in-
activates 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 dehydrogenase by ribosylation
and nitrosylation. This leads to inhibition of glycolysis and,
subsequently, to a disturbance of energy metabolism. All of
these undesirable effects are mediated by the activation of NO
synthase and excessive NO production. In high concentra-
tions, nitric oxide is a factor in endogenous intoxication, which
determines its cytotoxic effect and causes the death of cells and
tissues through the mechanisms of apoptosis and necrosis [12].

Conclusions

Morphometric study showed a significant decrease (to
(0.12 £ 0.04) %) in the nuclear-cytoplasmic ratio of pa-
tients 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 metapla-
sia, 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 metapla-
sia — (0.41 + 0.12) %. It was found that in patients with
antrum-localized intestinal metaplasia, the level of nitric
oxide in gastric juice increased and was 24—65 % higher
than the control values. It is assumed that the inhibitory ef-
fect 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 prostaglan-

dins. A possible mechanism of gastric mucosa cell death due
to apoptosis and necrosis under conditions of hyperproduc-
tion of nitric oxide is considered.
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AY «HCTUTYT racTpoeHTepoorii HAMH YikpaiHun», M. AHIMpo, YkpaiHa

CTPYKTYPHi 3MiHV CAN30BOT O6OAOHKM LUAYHKC B NALEHTIB
i3 KNLLKOBOIO METAMNACSIEIO TA riNeprnpoAYKLIED OKCUAY A30TY

Pe3iome. Mema: nipoaHaiisyBatéi CTPYKTYpPHI 3MiHU CJIM30BOL
000JIOHKHM HITYHKA Ta OLIHUTHU POJIb CUCTEMU OKCUIY a30TYy B LIMX
Tpoliecax y MaIi€HTiB i3 XpOHIYHUM TaCTPUTOM Ta KUIIIKOBOIO Me-
Taruiasielo. Mamepiaau ma memoou. MopdooriyHe 10CTiIKeHHS
npoBoaniIocsl B 38 Mali€eHTiB i3 XpOHIYHUM TaCTPUTOM Ta aTpo-
(i€ro, TOKaIbHOIO (aHTpaAJbHUN BiAmiI HITYHKA) a00 AUdy3HOIO
KUIIIKOBOI MeTaruiasiero. KoHleHTpallisi okcumy a3orty Oyina Bu-
3HaueHa y BMICTi IIJTYHKA Ta B KPOBi BCiX Malli€eHTiB. Pe3yavmamu.
MopdomeTpruHe A0CTIIKEHHS TOKA3aJI0 MOMiTHE 3HVXXEHHS (10
(0,12 £ 0,04) %) sinepHO-LMTOIIa3MAaTUYHOTO CITiBBITHOILIEHHS B
MAIiEHTIB i3 KUIITKOBOIO METATUIa3i€10 MOPIBHSHO 3 TUMU, XTO MaB
arpodiro. ENiNTUUHICTD saep KIIiTUH TaKOX 3MEHIITyBajiacs 3 po3-
BUTKOM KHUIITKOBOI MeTaruia3ii Ta B MAIliEHTIB 0€3 MeTaIIaCTUIHUX

Mocwuiayk A.M., OwmsiHckas H.KO., babui C.M.

3MiH popiBHIOBaia (0,76 & 0,04) %, y BUMankax JIOKaJTbHOT KHUIII-
KoBoi MeTarutasii — (0,65 + 0,11) %, npu audysHiit MeTariasii —
(0,41 £ 0,12) %. BcraHoBneHO, 1110 Y XBOPUX i3 KMIITKOBOIO METa-
I1a3i€lo, JOKaJli30BaHOIO B aHTPaJIbHOMY Billijli, piBEHb OKCUIY
a30Ty B LIUTYHKOBOMY COKY 30iIbIIYyEThCS i Ha 24—65 % miepeBu-
1IIyE€ KOHTPOJIbHY BeJIMYMHY. PO3IIISIHYTO MOXKIIMBUIA MEXaHi3M 3a-
ruoeTi KIITUH CIM30BOi 00OJIOHKY IIIJTYHKA BHACIIIOK arlonTo3y
Ta HEKpPO3y B YMOBax TiMeprpoayKilii okcumy as3oty. Buchosxu.
[HriOytoumnit edeKT OKCHMIy a30Ty Ha IITYHKOBY CEKpellilo peai-
3YETBHCS 32 PAXyHOK MOTrO CTMMYJIIOIOUOTO BIUIMBY Ha aKTUBHICTb
LIUKJIOOKCUTEHA3U Ta CUHTE3Y TPOCTATTaHANHIB.

KnrouoBi cjioBa: kuinkosa Meraruiasis IUIYHKa; OKCHUI a30Ty;
XPOHIYHUIA TACTPUT; TUCTLIA3isT

'Y «iHCTUTYT racTpoasHTepororvim HAMH YkpauHbi, r. AHenp, YkpauHa

CTPYKTYPHbIE N3MEHEHUS CAUBUCTON OBOAOUYKUN XXEAYAKA Y NALUEHTOB
C KULLEYHON MeTAMNAA3uen U rmneprnpoAyKumen oKCMAA asoTa

Pe3iome. I]ess: npoaHanusupoBaTh CTPYKTYpPHbIE W3MEHEHUS
CJIM3UCTON 00OJOUYKHM XKeJTyKa U OLIEHUTDb POJIb CUCTEMbI OKCHAA
a30Ta B OTUX Ipolieccax y MalueHTOB C XPOHUUECKUM IracTPUTOM
W KUIIEYHOU MeTarutazueit. Mamepuaaot u memoost. Mopdoso-
rMYECKOe MCCIeOBaHKEe MPOBOAMUIOCH Y 38 MAllMEeHTOB C XPOHU-
YECKUM TacTPUTOM U aTpodueii, IOKaJIbHOW (aHTPaJIbHBIN OTIE
KeJynka) win nuddy3Hoi KuiiedyHoit MmeTariasueil. KoHieH-
Tpalusi OKcuaa a30ta Obljia onpeesaeHa B COAePKUMOM XKeTyaKa u
B KPOBU BceX MalMeHToB. Pe3yavmamst. MopdoMeTpruueckoe uc-
cJeI0BaHKe MmoKasaio 3ametHoe cHrkeHue (mo (0,12 £ 0,04) %)
SIIEPHO-1IUTOIIA3MATUYECKOTO COOTHOLICHUSI Yy TMAlMEHTOB C
KUIIIEYHO MeTarjia3ueil 1Mo CpaBHEHUIO C TeMH, Y KOTO OTMe-
yaiach arpodusi. DIUTMNTUYHOCTb SIIEP KJIETOK TaKXe YMEHb-
mrajach ¢ pa3BUTUEM KUIIIEUHOI MeTarjia3uu U y TallMeHTOB 6e3

MeTarjacTuieckux uameHeHuit cocrapisia (0,76 = 0,04) %, B
cilyvasix JIOKajqbHOM KuieyHoi Metarasuu — (0,65 £ 0,11) %,
npu audodysHoit merarazuu — (0,41 = 0,12) %. YcraHoBieHo,
YTO y OOJIBHBIX C JIOKAJIbHOW KMILIEUHON MeTaruia3ueid, JoKaau-
30BaHHON B aHTPAJTbLHOM OT/IEJIE XeJyaKa, ypOBeHb OKCHIA a30Ta
B XEJyIOYHOM COKE YBEJIMYMBAETCsI U Ha 24—65 % mpesbilaeTt
KOHTPOJIbHBIE TIOKa3aTeau. PaccMOTpeH BO3MOXHbBIA MEXaHU3M
ruGeNn KJIETOK CJIM3UCTOM 000JI0UKY XKeJTyIKa BCIIEICTBUE aTlol-
TO3a U HEKPO3a B YCJIOBUSIX TUTIEPIPOAYKIIMM OKCHIA a3oTa. Boi-
600vt. Unrnbupytommii 3pdexT okcuaa azora Ha XKeTyIoIHYIO
CEKPELMIO Peayn3yeTcsl 3a CUET ero CTUMYJIMPYIOILETO BIMSHUS
Ha aKTUBHOCTD LIMKJIOOKCUT€HA3bl M CUHTE3a MPOCTArIaHINHOB.

KiioueBble ci10Ba: kuieyHass MeTaruiasusl >KENYAKA; OKCHI
a30Ta; XPOHUYECKUI racTPUT; TUCTLIA3UST
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