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Summary

Background. Evaluation of endothelial function by non-invasive methods plays a
major role in predicting the course of various diseases, the risk of complications and
evaluation of treatment.

Aim. Evaluation of endothelial function in patients with chronic inflammatory bowel
disease (IBD) according to their nutritional status by determining the specifics of the vascular
endothelium in a sample with reactive hyperemia and the content of nitrogen oxide
metabolites.

Materials and methods. 120 chronic IBD patients (81 patients with nonspecific
ulcerative colitis (NUC) and 39 patients with Crohn's disease (CD)) depending on the
anthropometric characteristics were divided into groups: | - reduced nutritional status (n =
70); 11 — normal nutritional status (n = 20); 11l - increased nutritional status (n = 30). In the
blood serum of patients, the level of metabolites of nitric oxide (NOx) was determined
according to Metelskaya technique. To assess endothelial function, endothelium-dependent
vasodilation of the brachial artery was determined by a test with reactive hyperemia.

Results. On the basis of conducted studies, a significant decrease in the NOx content
in the blood serum of patients was observed: 1.7-fold (p <0.01) in NUC patients and 1.7-fold
(p <0.001) in BD patients. Reduction of the NOx content in the blood serum did not depend
on the nutritional status of patients with chronic IBD. Violation of vascular endothelial
function was found in 76.7% of patients: decreased endothelial function in 49.2% of patients,
endothelial dysfunction in 27.5% of patients. Changes in vascular endothelial function have
been found in 75.7% of Group | patients, 75% of Group Il patients and 83.4% of Group Il
patients, mainly decreased endothelial function. Conclusions. It is shown that 71% of chronic
IBD patients have a significant decrease in serum NOx, which does not depend on their
nutritional status. Patients with NUC have more pronounced changes in the frequency of
detected disorders and more pronounced increase in the diameter of the brachial artery,
compared with CD patients. Reduced nutritional status was accompanied with the changes in
vascular endothelial function in 75.4% of cases.
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Pesrome

AkTtyanbHicTb. OuiHka eHjoTenianbHOl (QYHKIIT HEIHBa3UBHUMH METOAAMHU
JOCIIJKEHHSI BiJIITPAa€ OCHOBHY pOJIb Ul MPOTHO3YBaHHS Iepediry pi3HUX 3aXBOPIOBAHb,
PHU3HKY PO3BUTKY YCKJIAJIHEHb Ta OLIHKH JiKyBaHHSI. Meta. OmiHka eHjaoTeniaabHol QyHKITi
y MAI[i€HTIB 3 XPOHIYHMMH 3alalbHUMH 3axBoproBaHHsMH Kuineunuka (X33K) 3 pizHum
HYTPUTUBHUM CTaTyCOM MUIAXOM BHU3HAYEHHS CTaHy CYJUHHOTO EHJOTENiI0 B MpoOdi 3
PEaKTUBHOIO TilepeMiel0 Ta BMICTYy MeTaOoJiTiB OKCHIY a30Ty B CHpOBATII KpOBI.
Marepianu Ta meroau. B nociimkenns 6yao Bkmoueno 120 namientiB 3 X33K (81 mamient
3 HecnenugiyauM BupaskoBuM koiitoMm (HBK) ta 39 marnientiB i3 xBopo6oto Kpona (XK)),
K1 B 3aJIS)KHOCTI BiJl aHTPONOMETPUYHUX XAPAKTEPUCTUK OyIu po3noaiieHi Ha rpynu: | — 3i
samxeHuM (n=70); 11 — 3 HopmansuuMm (n=20); III — 3 miABUIIIEHUM HYTPUTUBHUM CTaTyCOM
(n=30). ¥ cupoBaTili KpOBi MaIliEHTIB BU3HAYAIH PiBeHb MeTabo:IiTiB oKcHay azoty (NOX) 3a
Mertenbcbkoto B.A. Jlng oOuiHKM eHAOTeNniaabHOi (YHKIT BHKOPUCTOBYBAIH METOJIUKY
BU3HAUCHHS CHJIOTENIN-3aIe)KHOT Ba3ouIIaTalii IiedoBoi aprepii B mpobi 3 peaKkTUBHOIO
rinepemiero. Pe3ynabTatn. Ha OCHOBI mpoBeNeHHMX AOCHIIHKEHb BCTAaHOBJICHO BIipOTigHE
3HmkeHHs BMicTy NOX B cupoBaTii kposi nauientiB 3 HBK B 1,7 paziB (p<0,01) a3 XK -8 1,9
paziB (p<0,001). 3umwxkenns Bmicty NOX B cupoBartili KpoBi HE 3aJeXajlo BiJl HYTPUTUBHOTO
crarycy namieHTiB 3 X33K. Ilopymenss ¢yHKIii CyIMHHOTO €HAOTENi0 BUsABIEHO Y 76,7%
namieHTiB: 3HWKeHa QyHKis enporemito (3®E) BusHawanmacs y 49,2% mamieHTis,
muchynkiis engorenito (IDPE) — y 27,5% namientiB. Bussneno 3Minu QyHKIIi CyTUHHOTO
enporenito y 75,7% nanientis I rpynu, y 75% mnauientiB Il rpynu ta 83,4% nanientis 111
Ipyny, MEepeBaXHO 3a paXyHOK 3HMKEHHsS QyHKUIi eHporenito. BucHoBkm. Ilokaszano, mo y
71% namienTiB 3 X33K BinOyBaeThcs BiporigHe 3HmkeHHS BMicTy NOX B cHpoBaTtIli KpoBi, 10
HE 3aJeXHUTh BiA iX HyTpUTHBHOro crarycy. Y mnanientiB 3 HBK cnocrepiranucs Oinbi
BUPXXEHI 3MIHM 3a YaCTOTOIO BHUSBJICHHUX MOPYIIEHb Ta MOKA3HUKOM BIJICOTKY MPUPOCTY
niameTpy IuiedoBoi aprepii, B nopiBHsAHHI 3 XK. Ilpu 3HMXKEHHOMY HYTPUTUBHOMY CTaTycCl
3MiHM QYHKIIT CyTMHHOTO €HJIOTENII0 criocTepiranuce y 75,4 % BUIakis.

KiarouoBi cjoBa: XpoHIYHI 3amanbHi 3aXBOPIOBAHHS KMIIEYHUKA, CYIWHHHUHA

€HJIOTEJIii; OKCUJI a30Ty.



Pe3rome

AkTyaabHoCcTh. OIIGHKAa SHAOTENHATBHOW (YHKIMHW HEHWHBA3UBHBIMH METOJIaMU
UCCIIEIOBAaHMSI WIPAaeT OCHOBHYIO pOJb JJIs IIPOTHO3UMPOBAHUS TEUEHUS pPa3IMUHBIX
3a00/ieBaHU, pUCKA pa3BUTHUS OCJIOXKHEHMH W oueHkd JedeHus. Lleasb. Onenka
SHAOTENHANBHON  (QYHKIMHM y  TMAUMEHTOB C  XPOHUYECKMMH  BOCHAIUTEIbHBIMU
3aboneBanusaMu  kuniedHuka (XB3K) ¢ pasnuuHBIM  HYTPUTHBHBIM CTaTycoM IIyTeM
OTIpENIeJICHUs] COCTOSHUSI COCYAMCTOTO JHJOTEIHMS B NpoOe C PEeaKTHBHOM THIepeMueii u
coJlep)kaHusi MeTabOJIMTOB OKcHaa a3ora. MatepuaJjibl M MeToAbl. B nccnenoBanue Obuio
BirodeHo 120 mamuwentoB ¢ XB3K (81 mamueHT ¢ HecnenuuieckuM sI3BEHHBIM KOJUTOM
(HAK) u 39 mnaumentoB c¢ Oone3nbto Kpona (BK)), koTopbie B 3aBUCHMOCTH OT
AHTPOIIOMETPUYECKUX XAPAKTEPUCTUK OBUIM pa3liesieHbl Ha Tpynnbl: | — cO CHMXKEHHBIM
(n=70); Il — ¢ nopmanbubiM (n=20); Il — ¢ OBBIIIIEHHBIM HYTPUTHUBHBIM cTatycoM (N=30). B
CBIBOPOTKE KPOBHU MAIIMEHTOB OINpPEACTSUIM YpOBeHb MeTabonuToB okcuiaa azora (NOXx) mo
Mertenbckoii B.A. g OLEHKM »3HAOTENUANbHONM (YHKIUH MCHOJIb30BAIA METOJUKY
OTpENIeTICHUsI SHIOTEINNH-3aBUCUMON  Ba3oJujaTalliyd IUICUYEBOW apTepuu B Tpode C
peakTuBHOM runepemuei. Pe3yabraTrhl. Ha ocHOBe mpOBENEHHBIX HCCIEIOBAHUN
YCTaHOBJIEHO JOCTOBEPHOE CHIDKEHHE cojepkaHusi NOX B CHIBOPOTKE KPOBH MAIMEHTOB C
HAK B 1,7 paza (p<0,01) u ¢ XK — B 1,9 pa3 (p<0,001). Cumxenue comepxanus NOx B
CBIBOPOTKE KPOBU HE 3aBHCEJIO OT HYTpUTHUBHOrO crtaryca nanueHTtoB ¢ XB3K. Hapymenue
(GYHKIIMM COCYAMCTOTO IHAOTENUS OOHApY:KeHO y 76,7% manueHToB: CHUXKeHas (yHKIIUS
spotenus (COI) onpexnensinack B 49,2% mnanuentos, aucynkuus suporenus (ADD) — B
27,5% mnamuenToB. BrisBlieHbl u3MeHEHUS (QYHKIUM COCYAHCTOro »Haotenus B 75,7%
naiueHToB | rpynmsl, y 75% mnanuentoB II rpymmsl u 83,4% mnanumentos III rpymmsl,
MPEUMYIIECTBEHHO 3a CUeT CHIbKeHUs pyHKuuu suaotenus. BoiBoabl. [lokazano, uto 'y 71%
naiueHToB ¢ XB3K npoucxoaut moctoBepHoe cHukeHHE copepxkaHus NOX B CBIBOPOTKE
KpPOBH, YTO HE 3aBUCUT OT UX HYTPUTUBHOTO craryca. ¥ mnamueHtoB ¢ HAK nabmroganuce
Oosiee BBIpaKEHHbIE M3MEHEHHSI MO YacTOTE€ BBIABIEHHBIX HApYIIEHUH W MOKAa3aTelro
MPOLIEHTa MPUPOCTa JuaMeTpa mieueBoi aprepuu, 1o cpaBHeHuto ¢ bK. Ilpu cHukeHHOM
HYTPUTHUBHOM CTaTyce M3MEHEHHs (DYHKIIMU COCYIUCTOrO dHIOTeNnus Habmoganuck B 75,4%
CIIy4aes.

KiroueBble cioBa: XpOHMUYECKHE BOCHAIMTEIbHBIE 3a00JI€BaHMS KUIIEUHUKA;

COCYAMCTBIN DHIAOTENMNM; OKCHJI a30Ta.



Introduction

Inflammatory bowel diseases, including nonspecific ulcerative colitis (NUC) and
Crohn's disease (CD), lead to chronic inflammation, mainly affecting the gastrointestinal tract.
This pathology requires surgical intervention in 16% and 47% of NUC and CD patients,
respectively, every 10 years after the onset of the disease. As a result, patients with chronic
inflammatory bowel disease (IBD) experience a significant decline in quality of life, when
compared to healthy people of the same age [1]. According to recent epidemiological studies,
the annual incidence of NUC in Europe is 10.4 cases, and CD — 5.6 cases per 100,000
population with the largest gradient observed in Scandinavia (24.5 and 9.2 cases per 100,000
respectively) In Europe, more than 2.2 million people suffer from these diseases. NUC is
found somewhat more often in men than in women — 1.39:1, whereas with CD the opposite
ratio is determined — 1: 1.12 [2].

In Ukraine in 2015 diseases of intestinal localization took 3.7% in the structure of the
digestive diseases, with a predominance of NUC over CD (4.4: 1). Aside from that, it is
important to note that the absolute number of CD among the working-age population has
increased [3].

Endothelial dysfunction is a multifaceted process, one of the earliest manifestations of
which is a violation of the bioavailability of nitric oxide (NO) under the influence of many
pathological factors [4]. NO belongs to the most important biological mediators in the human
body and participates in the regulation of intra-and intercellular processes in various organs
and tissues. Its serum content depends on many factors: the activity of NO-synthase (NOS),
the structural and functional state of the endothelium, the concentration of free radicals, exo-
and endotoxins, inflammatory mediators, and others. [5]. Oxidative stress is the cause of
inactivation of nitrites and nitrates and, accordingly, causes a decrease in the concentration of
NO in the tissues, preventing vasodilation. Insufficient production of endothelial NO is
accompanied by increased tonus and vascular spasm, increased vascular permeability for
proteins and lipoproteins, accelerated proliferation of smooth muscle cells, expression of
adhesive molecules on the surface of endothelial cells without interference, increased
thrombus formation [6].Various pathological processes in the body are accompanied by a
violation of the function of the vascular endothelium, which may lead to the progression of
vascular insufficiency. The evaluation of endothelial function by non-invasive methods plays
a major role in predicting the course of the disease, the risk of developing complications, and
evaluation of the treatment [7, 8].

Methods of studying the endothelium function can be divided into two large groups: I

- invasive techniques, in which instrumental, clinical and laboratory methods of research are



used; Il - non-invasive options, based on the methods of functional diagnostics. The "golden
standard"” for the study of endothelial function is currently not established yet [9]. Over the
past 25 years, many methodological approaches have been developed to evaluate the function
of endothelium in humans [10]. Possibilities of measuring indicators that characterize the
endothelial function are widely used in scientific research. However, their use as a clinical
tool in daily medical practice is still not very common [11]. The aim of the present work was
to assess the endothelial function in patients with chronic inflammatory bowel disease (IBD)
according to their nutritional status by determining the specifics of the vascular endothelium

in a sample with reactive hyperemia and the content of nitrogen oxide metabolites.

Materials and methods

120 chronic IBD patients (81 patients with nonspecific ulcerative colitis (NUC) and 39
patients with Crohn's disease (CD)) was observed in the Department of Bowel Diseases, the
Institute of Gastroenterology of the National Academy of Medical Sciences of Ukraine,
during the period from 2014 to 2016; among them 45.8% women, 54.2% men with the mean
age (38.13 + 1.08) years. Depending on the anthropometric characteristics, all patients were
divided into three groups: | — with a reduced nutritional status (n = 70); II - with normal
nutritional status (n = 20); 111 — with increased nutritional status (n = 30).

Patients' blood serum was used to determine the level of nitrogen oxide metabolites
(NOx) according to Metelskaya technique, where vanadium chloride (Sigma-Aldrich) was
used as a reducing agent for nitrates [12]. The control group included 20 practically healthy
individuals, and the NOx content in serum for them was (25-58) umol/L.

Method for determining endothelium-dependent vasodilatation of the brachial artery in
a reactive hyperemia test was used to evaluate the endothelial function [13]. The method is
based on determining the growth of the diameter of the brachial artery (dBA) in response to
mechanical stimulation (transient occlusion of the shoulder as a result of compression of the
sphygmomanometer cuff above the location of the vessel). In normal circumstances, post-
occlusive blood flow is characterized by a peak increase in volume and linear velocity that
occurs in the first 30 seconds after the removal of occlusion, with a gradual decrease in speed.
In response to an increase in blood flow, there is a temporary increase in the shear stress on
the endothelium, which, in turn, is accompanied by the release of substances that have
vasodilatational activity, which causes an increase in dBA. Toshiba Xario ultrasound scanner
with a 7.5 mHz multifrequency linear sensor was used to access the changes in dBA (Figure
1).
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a. brachialis

Figure 1 - Sonoelostogram of the brachial artery in patients with chronic IBD.

Endothelial function index (EFI) (response to blood flow increase) was calculated as
the difference between dBA after decompression and baseline, expressed as a percentage:

(dBA after compression — dBA before compression) x100%

EFl= (dBA initial)

An increase in dBA by more than 20% indicated a normal function of the vascular
endothelium (NEF), by 10-20% decreased endothelium function (DEF), by less than 10% —
endothelial dysfunction (EDF).

The control group included 20 healthy individuals, of representative age and sex.

Descriptive statistics were used for statistical analysis of data; the comparison of the mean
values of variables was carried out using parametric methods (Student's t-criterion) for the normal
distribution of the data expressed in the interval scale.

The correspondence of the characteristics distribution to the normal distribution law was
verified using the Shapiro-Wilk method. In other cases, a non-parametric method was used (Man-
Whitney U-criterion).

To compare the particle distribution of two or more variables, the ¥ test was used.
Correlation analysis was performed by Pearson method (for data expressed on interval scale) and
Spirmen (for data not expressed on interval scales).

All calculations were performed in SPSS 9.0 for Windows [14].



Results and discussion

The analysis showed a significant decrease of NOx content in patients with NUC. The
mean NOXx values were significantly different from the control group and were reduced: in the
general group of patients 1.7-fold (23.83 + 1.15 versus 41.65 + 5.55 umol/L, p <0.01), in
NUC patients also 1.7-fold (24.74 + 1.47 versus 41.65 + 5.55 umol/ L, p <0.01) and in CD
patients 1.9-fold (21.70 £ 1,70 versus 41.65 + 5.55 umol/L, p <0.001). An intragroup analysis
showed that in the NUC and CD groups, the vast majority of patients had a lower NOx
content: 72.0% (p <0.001) and 68.8% (p <0.001), respectively, as compared to control (Figure
2).
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Figure 2 - Percentage of chronic IBD patients according to their NOx serum levels.

The content of NOx in blood serum of patients with different nutritional status varied
as follows: 1.8-fold decreased in group I (23.79 + 1.62 versus 41.65 + 5.55 umol/L, p <0.01)
— 1,9-fold decreased in group II (22,12 + 2,32 versus 41,65 + 5,55 umol/L, p <0,01), and 1,7-
fold decreased in group III (25,12 + 2.26 versus 41.65 + 5.55 umol/L, p <0.01). Thus, a
significant decrease of serum NOX levels in chronic IBD patients is shown, regardless of
nutritional status. Such a decrease in the synthesis of NO occurs more often with prolonged
and severe influence of adverse factors and corresponds to the stage of exhaustion. This may
lead to further decrease in protective functions of the vascular endothelium.

Taking into account the detected decrease in serum NOx content, it was decided to
investigate the state of the vascular endothelium in chronic IBD patients.

Results of endothelium dependent vasodilatation of the brachial artery by reactive

hyperemia test in the examined patients are presented in Table 1.



Table 1 — Indices of endothelium dependent vasodilatation determined by the

reactive hyperemia test in chronic IBD patients.

Patient groups NEF (n=28) | DEF (n=59) | EDF (n=33)
average increase in dBA,%

All (n=120) 27,40+1,05 14,9440,71* 7,38+1,77%

NUC (n=81) 27,08+1,50 15,1240,77* 8,51+1,51%

CD (n=39) 25,86+1,02 14,45+0,47* 7,72+1,44%

Notes: * — p <0,05 — statistically significant difference between patients with normal
and reduced function of the endothelium; # — p <0,05 - statistically significant difference
between patients with endothelial dysfunction and decreased endothelial function.

According to the presented data, the changes of vascular endothelium was detected in
76.7% of the examined patients. Patients with DEF prevailed in the structure of changes
(49.2%), patients with EDF were present twice less frequently (27.5%). The mean values of
the dBA increase rate were lower than normal values and corresponded to DEF (Table 2, Fig.
3).

Table 2 - Results of reactive hyperemia test in chronic IBD patients.

Patient groups dBA before compression | dBA after compression | % dBA increase, mm
All (n=120) 3,3240,62 3,83+0,70 15,83+0,18
NUC (n=81) 3,40+0,59 3,70+0,71 15,29+0,49
CD (n=39) 3,15+0,59 3,70+0,71 16,94+0,47
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Figure 3 - Sonoelostogram of the brachial artery (diameter before and after
compression) in chronic IBD patients with reduced function of the endothelium.

Analysis of nosologies showed that changes in vascular endothelium were detected in
62 (76.5%) patients with NUC and in 31 (79.4%) CD patients, mainly due to decreased
function of the endothelium (Fig. 4). There was a positive correlation between the percentage




of dBA increase and the age of patients (r = 0.22, p = 0.015), duration of the disease (r = 0.21,
p = 0.22). In the group of CD patients, an additional correlation link between the percentage
of dBA increase and the erythrocyte sedimentation rate has been found (r = 0.35, p = 0.03)

(data are not given).
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Figure 4 - Chronic IBD patients, distributed by the vascular endothelium function.

In NUC patients, DEF was detected in 43.2% of cases, and DFE in 33.3% of cases,
and in CD patients DEF was detected in 64.1% of cases, EDF in 15.4% of cases. The
statistically significant differences between nosological groups were not found.

We further investigated the function of vascular endothelium, depending on patients’
nutritional status. The results of endothelium dependent vasodilatation of the brachial artery
determined by the reactive hyperemia test showed that the percentage of dBA increase was

smaller both in Group I and Group Il patients compared to controls (Table 3).

Table 3 — Results of reactive hyperemia test in chronic IBD patients depending on

their nutritional status

Index Group | (n=70) Group II (n=20) Group I1I (n=30)
dBA before 3,36+0,60 3,2940,66 3,25+0,65
dBA after 3,93+0,70 3,72+0,71 3,68+0,67

% dBA increase, mm 17,21+£0,76 14,45+0,45* 13,53+0,63**

Notes: * — p <0,05 — statistically significant difference between Group I and Group II
patients; # — p <0,05 — statistically significant difference between Group | and Group IlI
patients.

Group Il patients were characterized by the lowest average percentages of dBA
increase. In addition, in Group Il patients dPA increase was also lower than in the control
group. A more detailed analysis revealed changes in the vascular endothelium in 53 (75.7%)
Group | patients, in 15 (75.0%) Group Il patients and in 25 (83.4%) Group 11 patients, mainly

due to decreased endothelial function.



Thus, a study of the functional status of the vascular endothelium by the reactive
hyperemia test with ultrasound revealed a disturbance in 76.7% of the examined chronic IBD
patients with a predominance of DEF in 50.0% and EDF in 26.7% of cases. More pronounced
changes both in the frequency of violations, and in the percentage of dBA increase was found
in the NUC patients, compared to the CD patients. In patients with nutritional deficiency,
changes in the vascular endothelium were observed in 75.4% of cases, while the endothelium-
dependent vasodilatation of the brachial artery was significantly higher when compared to the

patients with normal nutritional status: (17.21 + 0.76 vs. 14.45 £+ 0.45 mm), respectively.

Conclusions
1. It has been shown that 71% of chronic IBD patients (72% of patients with
NUC and 68.8% of CD patients) demonstrate statistically significant decrease in serum NOX
content, which may lead to the violation of the protective functions of the vascular
endothelium, which in turn confirms inadequate activation of protective antioxidant system
and leads to the disease exacerbation and its chronic course. The probable decrease in serum
NOXx content in chronic IBD patients did not depend on their nutritional status.

2. Dysfunction of the vascular endothelium were detected in 76.7% of the
examined patients with predominance of DEF (in 50.0% of patients). Patients with NUC had
more pronounced changes in the frequency of identified violations and percentage of dBA
increase, compared with CD. Changes in the vascular endothelium were observed in 75.4% of
the reduced nutritional status cases, while the indexes of endothelium-dependent
vasodilatation of the brachial artery were significantly higher compared to patients with
normal nutritional status (p <0.05).
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