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Background. Previously, we have detected the antitumor and anti-inflammatory
activities of pyrrole-derived protein kinase inhibitors — MI-1 (1-(4-Cl-benzyl)-3-Cl-4-
(CF3-phenylamino)-1H-pyrrole-2,5-dione 1) and D1 (5-amino-4-(1,3-benzothiazole-2-yl)-
1-(3-methoxyphenyl)-1,2-dihydro-3H-pyrrole-3-one) using the rat colon cancer model.
Therefore, pyrrole derivatives were targeted at detecting the anti-inflammatory effect on
the model of ulcerative colitis caused by acetic acid in rats.

Materials and Methods. Prednisolone was used as a reference anti-inflammatory
drug of glucocorticoid nature. It was administered intraperitoneally at a dose of 0.7 mg/kg.
The compounds were administered 2 h after the first administration of acetic acid. Total
protein was estimated quantitatively, as described by Lowry et al., 1951. The content of
malonic dialdehyde, protein carbonyl groups, and the activity of antioxidant enzymes as
indicators of colon mucosa redox status were measured spectrophotometrically. Statis-
tical analysis of the results was performed using MS Excel-2013.

Results and Discussion. In case of chronic colitis, the number of carbonyl groups
and lipid peroxidation products in the colonic mucosa is increased, indicating the devel-
opment of oxidative stress. Administration of pyrrole derivatives separately contributes
to approaching normal levels of these indicators. Adding prednisolone does not cause
this effect. A decrease in superoxide dismutase activity was detected under colitis,
which is a typical phenomenon for chronic inflammation and may indicate a depletion of
the enzyme.

In case of colitis, alanine aminotransferase activity and the content of direct biliru-
bin are increased, which indicates a liver injury and is a systemic manifestation of the
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colon inflammation. Pyrrole derivatives help to reduce the liver injury, which indicates
a restoration of normal alanine aminotransferase activity and direct bilirubin content.

Conclusion. It has been found that at chronic colitis pyrrole derivatives reduce
manifestations of inflammation and contribute to the restoration of the normal structure
of the mucous membrane (comparative to prednisolone as a standard anti-inflammatory
drug), which suggests their anti-inflammatory effectiveness. At the same time, an
increase in total bilirubin under exposition to pyrrole derivatives may be a sign of adverse
effects on the rats’ liver.

Keywords: experimental colitis, prednisolone, pyrrole derivative, mucosa descen-
ding colon

INTRODUCTION

Inflammatory bowel disease (IBD) which includes ulcerative colitis (UC) is one of
the most serious and currently unsolved problems in modern gastroenterology. In terms
of severity and frequency of complications, IBD occupies the leading position among
gastrointestinal tract diseases [3]. The etiology of IBD is still not fully understood. It is
probably of an autoimmune nature, and the main causes are considered to be heredi-
tary predisposition, allergic reactions, nutrition, etc. [3].

Due to the fact that tumor growth is usually accompanied by inflammation of tumor
nodules in adjacent apparently normal tissue [1] and prolonged pharmaceutical sup-
pression of inflammation significantly reduces the risk of tumor development [6], chronic
UC is considered as a precursor condition for tumorigenesis. Moreover, the rate of
colorectal cancer cases among people with UC history exceeding 10 years increases
eightfold compared to the average population [1].

Protein kinase inhibitor pyrrole derivatives 1-(4-Cl-benzyl)-3-Cl-4-(CF,-fenylamino)-
1H-pyrrol-2,5-dione (MI-1) and 5-amino-4-(1,3-benzothiazole-2-yl)-1-(3-methoxyphenyl)-
1,2-dihydro-3H-pyrrole-3-one (D1) have been synthesized at the Chemistry Department
of Taras Shevchenko National University of Kyiv. A complex study of biologically active
pyrrole derivatives concerning their anti-inflammatory effects on colonic mucosa on the
experimental ulcerative colitis model and possible mechanisms of their action has not
been performed. Pyrrole derivatives can inhibit such protein kinases as Yes, Src(h),
ZAP70, Syk(h), PDK1, EGFR, IGF-1R, VEGFR [14, 21]. These substances reveal anti-
proliferative and proapoptotic action toward malignant cells without significant effects on
the proliferation and survival of normal cells [14, 21].

MATERIALS AND METHODS

96 white male Wistar rats with an average body weight of 213 g (10 weeks old) were
used for the study. Rats were kept in standard vivarium conditions under natural lightning
with free access to tap water and standard rodent chow. The research was conducted in
accordance with the principles of bioethics, legislation and requirements in accordance
with the provisions of the European Convention for the Protection of Vertebrate Animals
used for Research and Scientific Purposes (Strasbourg, 1986) and the General Ethical
Principles of Animal Experiments adopted by the First National Congress on Bioethics
(Kyiv, 2001) as well as approved by the Ethics Committee of Taras Shevchenko National
University of Kyiv, Ukraine (Protocol No. 02-03-2021 of March 4, 2021).
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Experimental model of ulcerative colitis was simulated by a double rectal adminis-
tration of 1 mL 4% acetic acid solution weekly during 2 weeks [20]. Previously, the animal
colons were cleaned by rectal administration of 2—-3 mL of saline, followed by a massage
of the lower abdomen to facilitate defecation for 10—15 min before the introduction of
acetic acid. MI-1 and D1 were administered in conditionally effective doses (2.7 mg/kg
and 2.3 mg/kg, respectively) [13] per os daily starting 2 h after the first acetic acid admin-
istration. Reference prednisolone (therapeutic, which is commonly used against UC of
moderate severity [20]) was injected intraperitoneally at a dose of 0.7 mg/kg at the same
schedule. Control animals received appropriate solvents.

Experimental groups: group | — Control (n = 5); group Il — Colitis (n = 7); group Il —
Control + D1 (n = 7); group IV — Colitis + D1 (n = 7); group V — Control + MI-1 (n = 7);
group VI — Colitis + MI-1 (n = 7); group VII — Colitis + D1 + MI-1 (n = 7); group VIII —
Control + prednisolone (n = 7); group IX — Colitis + prednisolone (n = 7); group X — Con-
trol + prednisolone + D1 (n = 7); group Xl — Colitis + prednisolone + D1 (n = 7); group
Xl = Control + prednisolone + MI-1 (n = 7); group Xlll — Colitis + prednisolone + MI-1
(n =7); group XIV — Colitis + prednisolone + D1 + MI-1 (n = 7).

The internal surfaces of the intestines were washed with saline followed by PBS
containing 1 mM of EDTA and 0.4 mM of PMSE (phenylmethanesulfonylfluoride) with
a pH of 7.0. Then, the mucosa was scratched and quickly frozen to -68 °C. After defros-
ting, the samples were smoothly homogenized in 1 mM EDTA and 0.4 m PBS and cen-
trifuged at 1000 g for 15 min, and supernatants were gathered and used for analysis. The
total protein was estimated in a quantitative manner as described by Lowry ef al. [12].
Malonic dialdehyde (MDA) [2], protein carbonyl groups (PCG) [11], intracellular super-
oxide dismutase (SOD, EC 1.15.1.1) [3, 5], and catalase (CAT, EC. 1.11.1.6) [2, 4]
activities as indicators of redox status were measured spectrophotometrically. The intra-
cellular enzymes alanine aminotransferase (ALT, EC. 2.6.1.2) and aspartate amino-
transferase (ACT, EC. 2.6.1.1) activities and the concentration of total and direct biliru-
bin was measured in blood serum with the use of sets of Reagent Company (Ukraine).
For this purpose, blood was maintained at room temperature for 30 min, centrifuged at
1000 g for 10 min, and then serum was collected in a separate test tube.

The mucosal lesions were scored using 11-grade scale, where total grade was calcu-
lated as a sum of grades: 0-3 grades — bowel mucosa integrity disorders, 0—3 grades —
leucocytic infiltration, 0—3 grades — muscle layer thickening, 0—1 grade — crypt abscesses
formation, and 0—1 grades — goblet cells decrease [8].

Statistical analysis of the results was performed using MS Excel-2013.

RESULTS

Morpho-functional changes in the colonic mucosa under chronic ulcerative
colitis. Under chronic ulcerative colitis, intestinal wall was thickened and irritated, adhe-
sions between loops of the intestine and necrotic masses on its surface were detected
under visual inspection. At the same time, diffuse epithelium desquamation and signs of
inflammation were observed using light microscopy, indicating the development of
ulcerative colitis. When both pyrrole derivatives were applied, the manifestations of
inflammation decreased, the structure of the colonic mucosa appeared to be normal as
well as in the case of prednisolone treatment. The observed changes could indicate the
anti-inflammatory efficacy of the tested protein kinase inhibitors.
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The combined effect of prednisolone and MI-1 at the macro level was the same as
that of MI-1 alone. The signs of inflammation manifested by oedema and microvascula-
ture disorders were close to the level of the prednisolone group, epithelial desquamation
disappeared. The total damage score was 2.5 points (Table). Thus, under the combined
action of prednisolone and MI-1, the effect was more pronounced than that under the
action of prednisolone alone but less pronounced than under the action of MI-1 alone.

Table. The degree of intestinal damage and the intensity of the inflammatory process
in colonic mucosa of rats with UC treated with prednisolone, Mi-1 and D1

Tabnuys. CTyniHb NOLWKOMKEHHSA KULWKN A iHTEHCUBHICTb 3anasibHOro npouecy B TOBCTiN
KMLWLUi WypiB 3a aii npegHizonoHy, MI-1 Ta [11 3a Bupa3koBoro Konity

Experimental groups Intestinal damage Intensity of i_nﬂammation
(at the macro level) (at the micro level)

Control 0 0

Colitis 3.8+0.5* 7.3+0.8*
Colitis + Prednisolone 0 4.5+0.4*
Colitis + Ml 0 2.5+0.2*
Colitis + D1 0 2.5+0.4*
Colitis + MI-1 + D1 2.5+0.4* 3.2+0.4*
Colitis + Prednisolone + MI-1 0 5.5+0.3*
Colitis + Prednisolone + D1 2.9+0.2* 6.0+0.3*
Colitis + Prednisolone + MI-1 + D1 4.3+0.6* 6.5+0.5*

Comment: *— p<0.05 compared with control, the absence of damage in the control is taken as 0 [3, 4]
Mpumitka: * — p<0,05 NOpPiBHSAHO 3 KOHTPONEM, BiACYTHICTb MOLLKOAXKEHb Y KOHTpOni npuiiHsTo 3a 0 [3, 4]

The degree of intestinal damage in D1 + prednisolone-treated animals corresponded
to that of the D1-treated group. However, at the micro-level, the inflammatory process
intensified, namely: oedema, vascular disorders were more pronounced comparative to
the action of D1 alone (Table). Therefore, the combined action of prednisolone + D1 was
less effective than the separate effect of each compound. Mucosal damage micro-score
approximately reached the value of the colitis group (Table). Therefore, the total positive
effect of these compounds was offset by their negative impact, which may be due to the
suppression of not only inflammatory but also regenerative processes.

Under the influence of all compounds together (prednisolone + MI-1 + D1), the total
damage to rat’s colons at the macro level corresponded to 10.8 points and approxi-
mately reached the value of the colitis group (Table). Therefore, the total positive effect
of these compounds was apparently absent.

Prooxidant-antioxidant balance of colonic mucosa in rats with chronic ulcer-
ative colitis treated with both pyrrole derivatives and prednisolone. An increase in
the amount of superoxide radicals and the activation of lipid peroxidation (LPO) pro-
cesses accompanied by the activation of protein oxidation is often observed under
acute and chronic inflammation [2]. Oxidative modification of proteins (OMP) can lead
to protein fragmentation with the formation of low molecular weight components or
aggregation of protein molecules [4]. As a result, the proteins conformation changes,
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which can be crucial for the catalytic activity of enzymes. Moreover, moderately oxidized
proteins are usually more sensitive to proteolysis [4]. Initiation of the OMP process is the
most dangerous part of toxic cell damage due to the inactivation of cytoplasmic enzymes
and membrane ion pumps, followed by the launch of various mechanisms of cell
destruction [2].

In rats with UC, the content of OMP increased by 30%, accompanied with similar
increasing in MDA content (almost twice compared with control). Combined action of
MI-1 and D1 reduced OMP content by 10% compared with UC-group. Moreover, at the
combination of both pyrrole derivatives with prednisolone (MI-1 + D1 + P-treated UC-rats)
the content of OMP decreased even more (by 30% compared with control) (Fig. 1).
Then, the combined action of MI-1+D1+P reduced the content of TBA-active products
by 50% compared with the UC-group (Fig. 2).
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Fig. 1. The content of OMP in colonic mucosa of rats with UC treated with pyrrole derivatives (MI-1, D1) and
prednisolone (P) (Mt+m; n = 7). * — p<0.05 compared with control; # — p<0.05 compared with the coli-
tis group

Puc. 1. BmicT kapboHinbHUX rpyn 6GinkiB y cnv3oBii 060MOHLi TOBCTOI KMLLKKM LLypiB MNicnsi BBeAEHHS 060X
noxigHWX nipony Ta NpefHi30noHy 3a B1upaskoBoro konity (Mtm; n = 7).* — p<0,05 nopiBHAHO 3 KOHT-
ponewm; # — p<0,05 nopiBHAHO 3 TBApUHAMM 3 eKCNepUMeHTaNnbHUM KOMiTOM

Since MI-1, D1 and prednisolone have restored the OMP content to the control
values as well as TBA-active products content; we assume that these compounds could
inhibit the processes of lipid and protein peroxidation and thus restore the prooxidant-
oxidant balance.

At the next stage, we determined the activity of antioxidant defense enzymes —
superoxide dismutase and catalase. It was found that in the UC-group SOD activity
reduced by 27%, which could indicate SOD inhibition by excessive ROS [2]. Thus, due
to the development of oxidative stress in animals with UC, there is an imbalance between
the processes of lipid and protein oxidation and the antioxidant defense system activity,
which is typical for chronic inflammatory processes including UC [17].

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e Bionoriyni CTygii / Studia Biologica ¢ 2021 e Tom 15/ Ne 3 e C. 17-28



22 I. P. Kotlyar, H. M. Kuznietsova, V. K. Rybalchenko

450 -
400 A *
350 -
300 -
250 - { { I
2004 1 I I

150 A I
100 1
50 -

TBA-active products nmol/mg proteine

AN ' X2 ' N N N N N Q Q N N N N
Q' . . 9 , Y Y Y
(‘\\S N XO XO 5 ;\ 5 &\ 5 ;\ x XQ XO ;\ ;\ 5 @\

X
9 \ }
o @) A\ . O R
© P FCHRA N s R S AN
\ ) ) N Q S O AN x x Q
® oS P x (@) RO F o x
. 3 AN O RN
O .\36 OQ 00 & A\ Y4
O (@) & P x
P d <&
N\
9

Fig. 2. The content of TBA-reactive substances in the colonic mucosa of rats with UC treated with pyrrole
derivatives (MI-1, D1) and prednisolone (P) (Mtm; n = 7). * — p<0.05 compared with control; # —
p<0.05 compared with colitis

Puc. 2. Bmict TBK-no3nTMBHNX NPOAYKTIB Y CrN30BI 060MOHL TOBCTOI KULLKW LLYPIiB NiCnsa BBEAEHHSA 060X
noxXigHWX Mipony Ta NpeaHi3onoHy 3a BUpaskoBoro konity (Mtm; n = 7). * — p<0,05 nopiBHSHO 3 KOHT-
ponewm, # - p<0,05 nopiBHSAHO 3 KOMiTOM

Under the effect of all test compounds and their combinations except predniso-
lone + MI-1, SOD activity was restored to the control value, which could indicate this
enzyme’s activation and/or reduction of its functional load during the reduced ROS pro-
duction. However, under the influence of MI-1 + P, SOD activity reduced to 45% (Fig. 3).
The obtained results are consistent with our previous results [6, 8] according to which
MI-1 administration led to 1.8-fold reduction in SOD activity. We supposed that the
decreased SOD activity observed under the influence of MI-1 + P, apparently, is not due
to the action of toxic peroxide products, as the content of TBARS and MPO did not
change, but due to other factors. It is known that the expression of Cu/Zn-SOD at the
oxidative stress is under the regulatory control of the signal PI3K/Akt kinase cascade,
which, in turn, is closely related to the activation of a number of membrane kinase
receptors, in particular insulin (INS-R) and insulin-like growth factor receptor (IGF1-R).
According to our previous data, these activities could be blocked by micromolar concen-
trations of MI-1 [8, 14]. Such suppression of these receptors may be one of the reasons
for the decrease in SOD activity under prolonged exposure to MI-1.

The absence of similar effects in other groups may be due to the combined effect
of MI-1 and prednisolone on this enzyme. Thus, glucocorticoids have been found to
inhibit SOD activity significantly [18]. Thus, their effect might be potentiated and, there-
fore, we observed SOD suppression.

Both pyrrole derivatives did not cause significant changes in catalase activity in our
study (Fig. 3). However, there was an increase in this enzyme’s activity by 20% compared
with the control value in UC-rats that received prednisolone together with MI-1. This may
be due to a negative feedback of SOD and catalase activities regulation due to the fact
that hydrogen peroxide, which is a product of SOD, is a substrate for catalase [17]. Thus,
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catalase is SOD antagonist in the cell and prevents the accumulation of the superoxide
dismutase reaction product — hydrogen peroxide, which is an inhibitor of SOD, and a high
degree of correlation between SOD and catalase activities has been established [17].
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Fig. 3. Superoxide dismutase (SOD) (A) and catalase (CAT) (B) activities in the colonic mucosa of rats with
UC treated with pyrrole derivatives (MI-1, D1) and prednisolone (P) (Mtm; n = 7). * — p<0.05 com-
pared with control

Puc. 3. AktuBHocTi cynepokcuaamcmyTasu (SOD) (A) Ta katanasm (CAT) (B) y cnunsosit 060mnoHLi ToBCTOl
KWLLKW LWYpiB MiCns BBeAEHHS 060X MOXiAHWX Mipony i NpedHi3onoHy 3a BupaskoBoro komity (Mtm;
n =7).* — p<0,05 NopiBHSAHO 3 KOHTPONEeMm

Biochemical markers in blood serum of rats with UC treated with Mi-1, D1 and
prednisolone. The liver is an organ that first undergoes toxic effects of substances and
plays a vital role in the intermediate metabolism, neutralization and excretion of those
from the body [5, 6]. Highly sensitive indicators of liver damage and dysfunction are an
increased activity of intracellular enzymes alanine aminotransferase (ALT) and aspar-
tate aminotransferase (ACT) in blood serum [3, 6]. Both enzymes enter the bloodstream
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as a result of cell membrane damage and are well-known markers of liver (and some
other internal organs) damage and indicators of the organism systemic condition.

It was found that blood serum ALT activity increased by 26%, which indicates some
liver damage, and, consequently, the systemic colitis outcome in the body. However,
blood serum AST did not change significantly.

After MI-1 treatment, ALT activity reduced by 23% compared with control and
reduced by 38% compared with colitis, which could indicate the restoration of liver func-
tion. As expected, AST activity did not change. The de Ritis ratio was slightly increased
in the experimental group (1.47+0.15) compared with the control group (1.33+0.13).

After D1 treatment, ALT activity also reduced by 39% compared with colitis, as in the
previous group (Fig. 4). These changes could indicate the restoration of hepatocytes
integrity and reduce the toxic load on the liver due to UC. AST activity did not change
either. The observed decrease in blood serum ALT activity, in our opinion, may be due to
the activation of the body’s adaptive systems, stabilization of hepatocyte membranes,
reduction of toxic products level in the blood and restoration of systemic redox state.

3.5 1

W ALT AST

3 4

2.5 4
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Fig. 4. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activity in the serum of rats
with UC treated with pyrrole derivatives (MI-1, D1) and prednisolone (P) (M £ m; n = 7). * — p<0.05
compared with the control

Puc. 4. AkTnBHICTb anaHiHamiHOTpaHcdepasn (ALT) i acnaptatamiHoTpaHcdepasu (AST) y cupoBaTtui KpoBi
LypiB nicns BBeAeHHst 060X MoxiaHUX nipony i NpeaHi3onoHy 3a Bupaskosoro konity (Mtm; n = 7).
* — p<0,05 NOpiBHAHO 3 KOHTPONEM

However, under the simultaneous influence of both compounds, ALT activity
increased (by 44%), which is an indicator of hepatocyte damage, inflammatory pro-
cesses in the liver; AST activity did not change either (Fig. 4). The de Ritis ratio
decreased under the combined action of these compounds (0.86+0.09), which indicates
liver susceptibility to those compounds.

Increased serum bilirubin levels under pathology could indicate liver involvement,
and may be due to an impaired liver bilirubin-secretory function on the background of toxic
effects of substances, impaired bile flow to the intestine, impaired hepatic secretion of
conjugated (direct) bilirubin into bile, and increased erythrocyte hemolysis. We observed
that direct bilirubin in the colitis group increased by 48%, while total bilirubin was virtually
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unchanged, indicating liver function deficiency and impaired formation and/or bile out-
flow (Fig. 5). This is a fairly common phenomenon under colitis [14]. The concentration
of direct bilirubin under the influence of MI-1 did not change compared with control, but
total bilirubin increased (by 38%) in this group. In the D1-treated UC-rats, changes in
bilirubin content were similar — total bilirubin increased (by 51%) accompanied with no
changes in the direct bilirubin content.

251 m total direct

* *

Fig. 5. The content of total and direct bilirubin in the blood serum of rats with UC treated with pyrrole deriva-
tives (MI-1, D1) and prednisolone (P) (Mtm; n = 7). * — p<0.05 compared with colitis

Pwuc. 5. BmicT 3aranbHoro Tta npsimoro 6inipy6iHy B cupoBaTLi KpOBi LLypiB MiCNs BBEAEHHS 000X MOXiAHWUX
nipony i NnpegHi3onoHy 3a BupaskoBoro konity (M+m; n = 7). * — p<0,05 nopiBHSAHO 3 KOHTponem; # —
p=0,05 NOpiBHSAHO 3 KOMITOM

Under the action of prednisolone, both alone and in combination with pyrrole deriv-
atives, all tested blood serum parameters were restored to the control level, which may
be due to complex anti-inflammatory and hepatoprotective effects of those.

Liver injury is a common concomitant pathology in IBD. The liver can suffer from the
following reasons: due to the violation of the intestinal epithelium integrity and intestinal
endotoxins entering the bloodstream. In addition, it can suffer from immune complexes
as a product of the inflammatory process, which causes a functional load on the liver as
a detoxification organ. With impaired absorption and digestion, the metabolism under-
goes pathological changes, which is reflected in the liver as a digestive organ. Its func-
tional overload could be due to the intensive metabolism of xenobiotics including drugs.
For example, low molecule protein kinase inhibitors are metabolized predominantly in
liver by Cyp3A4 cytochromes (in humans) or their analogues (rodents) [13]).

CONCLUSIONS

It has found that pyrrole derivatives used under chronic colitis could reduce the
signs of inflammation, contribute to the normalization of colonic mucosa morphology,
and redox balance (at the level comparable with that of reference drug prednisolone)
which indicates their anti-inflammatory efficacy. However, they caused an increase in
total bilirubin, which may be a sign of their adverse effects on the liver.
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BB NOXIAHUX MIPOITY HA NPOABU 3AMNAJNEHHA Y LLYPIB
13 XPOHIYHM BUPA3KOBWUM KONNITOM 3A NIKYBAHHA NPEAHI3ONOHOM

I. 1. Komnsp, I. M. Ky3Heyoea, B. K. Pubans4eHKko

Kuiscbkuli HauioHanbHUU yHieepcumem iMeHi Tapaca LllegyeHka
8yn. Bonodumupceka, 60, Kuie 01033, YkpaiHa

BcTtyn. Y nonepeaHix OOCNIMKEHHSX MW BUSIBUNU MPOTUNYXIMHHY Ta NpoTtu3a-
nanbHy akTUBHICTb iHribiTOpiB npoTeiHkiHaszu nipony — MI-1 (1-(4-Cl-6eH3un)-3-Cl-4-
(CF3-beninamiHo)-1H-nipon-2,5-gion 1) i D1 (5-amiHo-4-(1,3-6eH30Tia3on-2-in)-1-(3-
meTokcudpeHin)-1,2-gurigpo-3H-nipon-3-oguH) y Mogeni paky TOBCTOI KMLUKM LULypiB.
Tomy noxigHi nipony 6ynu cnpsiMoBaHi Ha BUSIBNEHHSA Y LLypiB NpoTU3anasnbHoi Aii Ha
MoZeni BUPa3KoBOro KOMiTy, CMPUYMHEHOIO OLITOBOK KUCMOTOH.

Martepianu Ta meTogun. Ak npenapaT NOPIBHAHHSA Oyno BMKOPUCTAHO MpPenHi3o-
NOH — NpoTU3anasnbHUA 3acid rMIOKOKOPTUKOIAHOT NPMPOAK, SKUIA BBOAUIW BHYTPILLHBO-
o4vepeBMHHO B J03i 0,7 mr/kr. BBegeHHs JocnigKyBaHMX CMOMyK 34iACHIOBaNM Yepes
2 rop nicns nepLIoro BBeAEHHS OLTOBOI KMCnoTW. BmicT Ginka B ogep:kaHux npenapa-
Tax BM3Ha4anu 3a metogom Jloypi ma iH., 1951. Bmict manoHoBoro gianegerigy, kapbo-
HINMbHWX rpyn BifkKiB, @ TAKOX aKTUBHICTb EH3NMIB aHTUOKCUOAHTHOTO 3aXUCTY sIK MoKas-
HWMKN OKMCIIOBANbHO-BIZHOBHOMO CTaHy CriM30Boi 060MOHKM TOBCTOI KMLLKU BUMIptOBanu
CNeKkTpooTOMETPUYHO. CTAaTUCTMYHMI aHani3 OTPMMaHuX pesynbsraTtiB NpoBOaUN 3a
ponomoroto nporpamun MS Excel-2013.

PesynbraTu. 3a XpOHIYHOIO KOMiTy B CNM30BIN 0OOMOHLI TOBCTOI KULLKM 36inbLuy-
€TbCS KiNbKICTb KApOOHINbHMX rpyn i NPOAYKTIB NEPEKUCHOIO OKUCHEHHS Ninigis, Wwo nia-
TBEPOKYE PO3BUTOK OKMCHOMO CTpecy. BBegeHHs noxigHMX Mipory MOOKPeEMO Cripusie
HaONVXXEHHIO X NOKa3HWKIB 40 HOPMU. Y pasi 4oAaBaHHS NPEaHI30NoHy Takmin edpekT He
cnocrepiranu. 3a KoniTy BCTAaHOBMEHO 3MEHLLEHHSI aKTUBHOCTI CynepoKCuaaucMyTasm,
LLIO € TUMOBMM SIBULLIEM A51st XPOHIYHOIO 3anarneHHs i BKa3ye Ha BUCHAXEHHST (epMEHTY.

3a koniTy akTUBHICTb anaHiHamiHoTpaHcdepasm i BMICT npsimoro 6inipy6iHy 3poc-
TalTb, WO BKa3ye Ha (pyHKUiOHaNbHe HaBaHTaXXEHHS Ha MEYiHKY i € CUCTEMHMMU MPO-
SiIBaMW 3anareHHs TOBCTOI KULWKK. MoxigHi nipony cnpusioTe 3MEHLLEHHIO LibOro HaBaH-
TaXKeHHS, WO CBiAYMTb NPO BiAHOBMNEHHSA 40 HOPMW aKTUBHOCTI anaHiHamiHoTpaHcde-
pasu i BMicTy npsimoro OinipyGiHy.

BucHoBKkU. BcTaHoBMNEHO, LWO NOXiAHI Nipony Mig Yyac 3acToCyBaHHSA 3a XPOHIYHOIro
KOMiTy 3MEHLUYIOTb NPOSIBUA 3ananeHHs, CnpusitoTb HAONWKEHHIO 4O HOPMU CTPYKTYpU
Ccnn3oBoi 00OMOHKM (Ha piBHI MpenapaTty MOPIBHAHHSA MPEegHi30MoHy), WO OOBOAUTb
IXHIO NpoTu3ananbHy eeKkTUBHICTb, OQHAK 3yMOBIIOIOTL 3POCTaHHS PiBHSA 3arafibHOro
Oinipy0biHy, Wo Moxe ByTV 03HaAKOK HEraTUBHOIO BMIIMBY HA NEYIHKY.

Knroyoei crioea: ekcnepuMeHTarnbHUA KOMIT, NPpeaHi30oH, noxigHe nipony, cnm-
30Ba 060r1oHKa 06000BOI KULLIKM
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