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THE EFFECT OF 2-BENZAMIDO-2-(2-0XOINDOLIN-3-ILIDEN) ACETIC
ACID DERIVATIVE ON THE ACTIVITY OF LIPID PEROXIDATION
PROCESSES AND THE ANTIOXIDANT DEFENSE IN CHRONIC
HYPOBARIC HYPOXIA

Hypoxia is a typical pathological process developing due to the decreased concentration of oxygen in the organism or in
the particular tissues and organs, as well as disturbances of oxygen utilization during biological oxidation.

Aim. To determine the antihypoxic and antioxidant activity of the ZNM derivative of 2-benzamido-2-(2-oxoindolin-
3-iliden) acetic acid in the brain and blood plasma of rats under the conditions of chronic hypobaric hypoxia (CHH) by
the indicators of the lipid peroxidation processes activity and the state of the antioxidant defense.

Materials and methods. The studies were conducted under the conditions of CHH modeled by the standard method.
The ZNM substance in the dose of 15 mg/kg and the reference drug mexidol in the dose of 100 mg/kg were injected
intraperitoneally starting from the 14th day of the experiment 30 min prior to the hypoxia simulation.

Results. In the group of animals treated with ZNM a significant decrease in the content of malondialdehyde in the blood
plasma and brain structures (by 1.2 and 1.1 times, respectively), as well as in the content of oxidative modified proteins
(by 1.2 times in the blood plasma and 1.4 times in the brain tissue) was observed. The content of ceruloplasmin in the
blood plasma decreased by 1.7 times; the content of SH-groups increased by 3.1 times; the catalase activity increased
by 1.2 times in the blood plasma, and by 1.9 times in brain homogenates. The reduced glutathione level in brain ho-
mogenates increased by 1.4 times; the glutathione peroxidase activity significantly increased by 2.1 times in the blood
plasma and by 1.3 times in brain homogenates compared to the model pathology group.

Conclusions. It has been found that both mexidol and the ZNM substance demonstrate a significant antioxidant activity
under the conditions of CHH by stabilizing the balance between prooxidant and antioxidant systems of the body in rats,
and it is particularly important in oxidative stress caused by chronic hypoxia.

Key words: antihypoxants; chronic hypobaric hypoxia; 2-benzamido-2-(2-oxoindolin-3-iliden) acetic acid derivative;
mexidol
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BnuinB noxigHoOro 2-6eH3aMifo-2-(2-0KcoiHg01iH-3-i/1iAeH) 01 TOBOI KMCJI0TH HAa aKTUBHICTh
npouecis J1inonepokcuAanii Ta CcTaH aHTUOKCUJAHTHOTO 3aXUCTY IPU XPOHIYHIN rino6apuyHii
rinokcii

l'inokcis - TUMOBUYM NATOJOTIYHUI MPOLIEC, 1110 BUHUKAE PU 3HUKEHOMY BMICTi KMUCHIO B OpraHi3aMi abo oKpeMHux
TKaHHUHAX | OpraHax, a TakoX IPU NMOPYLIeHH] YTUJIi3alii KUCHIO B poLeci 6i0J1I0TiYHOr0 OKUCHEHHS.

MeTa. MeTo0 A0CaiI)KeHHS CTaJI0 BCTAHOBJIEHHSI aHTUTINOKCAHTHOI Ta aHTUOKCUAAHTHOI aKTUBHOCTI MOXiTHOTO
2-6eH3aMif0-2(2-okcoingonin-3-inigeH) onroBoi kucaoTH ZNM B roJloBHOMY MO3KY Ta IJ1a3Mi KpoBi LypiB 3a yMOB
xpoHiuHoi rino6apuynoi rinokcii (XI'T) 3a mokasHUKaMu aKTUBHOCTI poLeciB JlionepokcuaLii Ta cTaHy aHTHOKCH-
JAQHTHOTO 3aXUCTy Y IypiB.

Marepiaau Ta MeToau. JlocnigxeHHs npoBoaunck 3a yMoB XI'T, sky MoJesitoBa/v 3a CTaHJApPTHOI METOLUKOIO.
PedoBuny ZNM y no3i 15 Mr/kr Ta npenapaT nopiBHIHHA MeKcH o1 y 031 100 Mr/Kr BBOAW/IM BHYTpPIilIHbOOYEpe-
BUHHO, OYMHa04U 3 14 1061 MoJiesitoBaHHS rinokcii 3a 30 XB J10 MOYATKY CEaHCy.

PesysibTaTH. Y rpyni TBapuH, IKUM BBOAWJIN J0CIipKyBaHy pedoBUHY ZNM, cnocTepiraiu foCTOBipHe 3HMXKEeHHSA
BMiCTYy MaJIOHOBOTO Aiia/ibJerily sIK y MJ1a3Mi KpoBi, Tak i B CTpyKTypax roJIoBHOI0o MO3Ky (BifnoBigHo B 1,2 pa3u Ta B
1,1 pa3u), a TAKOX BMICT NPOAYKTIB OKMCHIOBaJbHOI Moaudikauii 6iakiB (415 masMu KpoBi - B 1,2 pasy, a A4 TKa-
HUHH rOJIOBHOTO MO3KY - B 1,4 pa3u). BmicT niepysnonsiasaminy B muia3mi kpoBi 3MeHmuBcs B 1,7 pasy, a BMict SH-rpyn
36ibmKBCA B 3,1 pa3u. [Ipu 1boMy aKTUBHICTb KaTaja3u B IJ1a3Mi KpoBi nmiiBuiuaach B 1,2 pasy, a B roMoreHaTax
roJIOBHOr0 MO3Ky — B 1,9 pasu. BMicT r1yTaTioHy BilHOBJIEHOT0 Yy FOMOreHaTax rOJIOBHOI'0 MO3KY MiZiBUIIUBCA B 1,4 pasy,
a aKTUBHICTb INIyTaTiOHNEPOKCH/AA3H1 MiABUIIMIIACD B IJIa3Mi KpoBi B 2,1 pasy, a B romoreHarax - B 1,3 pasu.

BucHoBkuU. OT>Ke, BCTAHOBJIEHO, 1110 pedoBUHA ZNM cyTTEBO He nocTynaeThbcs Ail Mekcugosy npu XI'T mwogo aHTH-
riNOKCaHTHUX Ta aHTHOKCUJAAHTHHUX BJIAaCTUBOCTEHN, a TAKOX CIIpUsIE HOpMaJli3alil IPOOKCHAAHTHO-aHTUOKCH/IAHT-
HOTO 6asIaHCy B IJIa3Mi KpPOBi Ta r0JIOBHOMY MO3KY LIypiB.

Kaiouosi c/i108a: anTUTINOKCAHTH; XpOHiYHA rino6apyuyHa rinokcis; noxifHi 2-6ensamio-2(2-okcoingoin-3-inigen)
OI[TOBOI KMCJIOTH; MEKCUI0JT



ISSN 1562-725X (Print) KLINICNA FARMACIA. — 2017. - Vol. 21, No. 1 ISSN 2518-1572 (Online) 41

H. H. 3amopckuii, 0. C. Bykamapy, C. B. KoaecHuk*

Bobicuee 2ocydapcmeeHHoe yuebHoe 3ag8edeHue YkpauHbsl «BykosuHckull 2ocydapcmeeHHbill MeduyuHckuil
YHugepcumemny»
HayuoHanwvHblll hapmayeemuyeckuli yHugepcumem*

B/IusiHME NPOU3BOAHBIX 2-6eH3aMU/0-2(2-0KCOUHAO0/INH-3-UINAEH) YKCYCHON KMCJI0ThI Ha
AKTHUBHOCTH NNPOLECCOB JIMNIONEPOKCUAALUY U COCTOSIHUE aHTUOKCUAAHTHOU 3alIUThI IPU
XpOHUYECKOH runo6apuyecko runoKCuu

['Mnokcua - TUIIOBOM NATOJIOTMYECKHUH NPOLLecC, BOSHUKALMKI IPU NOHWKEHHOM COZlep>KaHUU KUCJI0poZa B opra-
HH3Me WIH OT/leJIbHBIX TKaHAX U OpTraHax, a Tak)Ke IPY HapylleHUH yTUIM3alM1 KHCI0po/a B poliecce 6rosioruye-
CKOTO OKHCJIEHHUS.

Ilesib. llenbro Mccie0BaHUS CTANO0 YCTAaHOBJIEHHE aHTUTUIIOKCAHTHON M aHTUOKCUAAHTHOM aKTUBHOCTH MPOU3BO-
JIHOTO 2-6eH3aMu/10-2(2-0KCOUHA0ANH-3-UANEH) YKCYCHOM KUCI0TbI ZNM B rOJIOBHOM MO3Te U IJ1a3Me KPOBU KPbIC
B YCJIOBUAX XPOHUYECKOH runobapudeckoi runokcuu (XI'T) no nokasaTe/iiM akTHBHOCTH MPOLIECCOB JIUTIONEPOKCH-
JlAllMK U COCTOSIHUSI aHTUOKCUAAHTHOM 3aLUThI Y KPbIC.

MaTepuasbl U MeTOAbI. VccaeoBaHusA NpoBOAUAUCH B ycaoBUAX XI'T, KoTopylo MoZeMpoBasiv M0 CTaHJapTHOU
MeToauKe. BemectBo ZNM B f103e 15 Mr/Kr u npenapat cpaBHeHUs MeKcHoa B jo3e 100 Mr/Kr BBOJUJIN BHYTPH-
OPIOLIMHHO, HAYMHas ¢ 14 cyTOK MoJle/IMpOBaHUs UNOKcUH 32 30 MUH 10 HavyaJsla ceaHca.

PesysibTaThl. B rpynmne >KMBOTHBIX, KOTOPBIM BBOAMJIN HcCIeAyeMoe BellecTBo ZNM, Hab/1104anu AOCTOBEPHOE CHU-
JKeHUe COoZlep>KaHHsI MaJIOHOBOTO AiMabJeruja Kak B Jla3Me KpPOBH, TaK U B CTPYKTYpax roJIOBHOr0 Mo3ra (CooT-
BeTCTBeHHO B 1,2 pasa u B 1,1 paza), a TakKe coJiep>kaHHe TPOAYKTOB OKHUCIUTENbHOW MOAUPUKAIUY GesKOB (A5
IJ1a3Mbl KPOBH - B 1,2 pa3sa, a Ji/1 TKaHU I'0JIOBHOTO Mo3ra - B 1,4 pasa). CogepkaHue Liepy/onia3MUHa B 1J1a3Me
KpPOBM YMeHbILINJIOCh B 1,7 pasa, a cogep:kanue SH-rpynn yBesnyunock B 3,1 pasa. [[py 3TOM akTUBHOCTb KaTasla3bl
B MJIa3Me KPOBH MOBBICUJIACh B 1,2 pa3a, a B roMoreHaTax roJloBHoro mosra - B 1,9 pasa. CogepxkaHue riiyTaTHOHa
BOCCTaHOBJIEHHOTO B FOMOTreHaTaxX r0JIOBHOTO MO3Ta IOBBICUJIOCH B 1,4 pa3a, @ aKTUBHOCTb I/TyTaTHOHIEPOKCHAA3bI
[IOBBICKJIACh B IJIa3Me KpoBHU B 2,1 pasa, a B roMmoreHarax - B 1,3 pasa.

BeIBOABI. Tak, ycTaHOBJIEHO, YTO BelllecTBO ZNM cyliecTBEHHO He yCTynaeT AelcTBUI0 Mekcrgoa npu XI'T o an-
TUTHUIIOKCAHTHBIM U aHTHOKCH/IAHTHBIM CBOMCTBAM, a TaKKe CIIOCOGCTBYeT HOPMaJIM3aLMi MPOOKCHJAHTHO-aHTH-
OKCUJAHTHOrO 6ajlaHca B MJIa3Me KPOBU U FOJIOBHOM MO3Te KpBIC.

Kamwuessle cnosa: AHTUTUIIOKCAHTBI; XpPOHUYEeCKad FI/IHO6apI/I‘-IECKaH TUIIOKCHA; IPOHU3BOAHbBIE 2-6eH3aMHﬂO-2(2-

OKCOI/IH,ELOJ'II/IH-3-I/IJ'II/I,ELEH) yKCYCHOfI KHCJIOTbI; MEKCHU/0JI

ypoxia is a typical pathological process de-
veloping due to the decreased concentra-
tion of oxygen in the organism or in the particu-
lar tissues and organs, as well as disturbances of
oxygen utilization during biological oxidation [1].
Hypobaric hypoxia occurs due to reduction of oxy-
gen partial pressure in the inhaled air under the
conditions of the rarified atmosphere. It is charac-
terized by multiorgan morphofunctional disturbances,
which manifestation depends on duration and in-
tensity of the hypoxia effect, the body’s state (age,
gender) and the presence of other environmental
factors such as temperature, time of the day, season,
etc. [2, 3]. The whole organism participates in de-
velopment of the adaptation and compensatory reac-
tions in hypoxia; however, but the brain is the most
sensitive organ to changes in oxygen supply due to
peculiarities of its oxidative metabolism [4, 5].
The antihypoxic activity of some 2-benzamido-
2-(2-oxoindolin-3-iliden) acetic acid derivatives was
found in our screening research conducted under
the conditions of acute hypobaric hypoxia. The most
significant antihypoxic activity was shown by sub-
stance 15 under the conditional name ZNM [6]. The
aim of the current study was to determine the an-
tihypoxic and antioxidant activity of the ZNM de-
rivative of 2-benzamido-2-(2-oxoindolin-3-iliden)
acetic acid in the brain and blood plasma of rats
under the conditions of chronic hypobaric hypoxia
(CHH) by the indices of the lipid peroxidation pro-

cesses activity and the state of the antioxidant de-
fense.

Materials and Methods

The study was conducted on 32 white nonlin-
ear mature male rats weighting 180-200 g divided
into 4 groups (n = 8): the intact control animals,
the model pathology group (CHH), the group of ani-
mals injected the ZNM substance intraperitoneally
in the dose of 15 mg/kg in the form of an aqueous
suspension stabilized by polysorbate 80 (Tween 80),
and the group of animals administered the reference
drug mexidol in the dose of 100 mg/kg [7, 8].

Animals were kept under the standard vivarium
conditions at a constant temperature and humidity
with free access to food and water. All manipula-
tions and euthanasia of animals were carried out
in accordance with the European Union Directive
2010/63/EU on the protection of animals used for
scientific purposes.

CHH was simulated in a modified flow pressure
chamber by imitation of the lifting of rats to an altitude
0f 4000 m (463 mm Hg, partial pressure of oxygen pO,
in the atmospheric air of the altitude of 97 mm Hg).
The ascension rate of animals was 24 km/h, and it cor-
responded to the change in barometric pressure of
0.5 mm Hg per sec. Animals were maintained on the
«altitude» for 2 h in the morning daily for 4 weeks [9].

Drugs were administered in the therapeutic regi-
men starting from the 14" day of the experiment
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Table 1

The effect of the ZNM derivative of 2-benzamido-2-(2-oxoindolin-3-iliden) acetic acid
on the content of lipid and protein peroxidation products and the activity of the antioxidant
system in the blood plasma of rats with chronic hypobaric hypoxia (M+m, n=8)

Index Control Model pathology (CHH) CHH + ZNM CHH + mexidol
MDA, umol/I 12.34+0.65 15.78+0.46" 13.36+3.17¢ 12.27+2.52%
OMP, o.d.u./ml 0.78+0.07 1.16+0.02" 0.93+0.05% 0.82+0.08*
CAT, pmol/(minxI) 14.46+1.65 9.92+0.64" 12.27+0.48* 13.65+0.53*
GPx, nmol/(minxl) 113.43£1.13 50.71+3.60 105.47+2.82¢ 109.87+0.31*
CP, mg/I 166.2+2.43 320.7+2.30° 185.4+4.27* 173.6+4.44%
SH-groups, pmol/ml 4.58+0.03 1.24+0.02 3.83+0.07* 4.22+0.23%

Note. * — the index of significance compared to the intact control; # - the index of significance compared to the model pathology;
> —the index of significance compared to the ZNM substance; o.d.u. — optical density units; MDA — malondialdehyde; OMB - oxidative

modified proteins; CAT - catalase; GPx - glutathione peroxidase; CP - ceruloplasmin; CHH — chronic hypobaric hypoxia.

30 min prior to the hypoxia simulation. At the end
of the 4" week animals were decapitated under the
light ether anesthesia.

To study the free radical processes the plasma
and brain homogenates of animals were used. The
activity of lipid peroxidation was assessed by the
content of malondialdehyde (MDA) determined by
the reaction with 2-thiobarbituric acid, and protein
peroxidation - by the content of oxidative modified
proteins (OMP) determined by the reaction with
2,4-dynitrofenylhydrazine to form hydrazones of
the characteristic absorption spectrum. The state
of the antioxidant system (AOS) was assessed by
the activity of catalase (CAT) in the reaction with
ammonium molybdate, by the ceruloplasmin level
(CP) determined by the oxidation reaction of phe-
nylenediamine and by the content of SH-groups.
The glutathione peroxidase (GPx) activity was as-
sessed by the amount of reduced glutathione (G-SH)
which was not used in the enzymatic reaction. The
G-SH level was determined in the reaction with po-
tassium iodide [10, 11].

Statistical analysis of the results was performed
using SPSS Statistics 17.0 and Microsoft Excel 2013.
The statistical significance was assessed using pa-
rametric Student’s t-test (for normal distribution)

and non-parametric Mann-Whitney U-test (in case
of non-normal distribution). The critical level of sig-
nificance was accepted as p<0.05.

Results and Discussion

The results of the experiments conducted (Tab. 1
and 2) demonstrated that there was intensification
of free radical processes along with reduction of
the activity of both enzymatic and non-enzymatic
components of the antiradical defense in the model
pathology group. Particularly, in the blood plasma
the MDA level increased by 1.3 times, the OMP le-
vel - by 1.5 times, and the CAT activity significantly
decreased by 1.5 times compared to the intact ani-
mals. The CP level compensatorily increased by 1.9
times with simultaneous decrease the content of
SH-groups by 3.7 times, and GPx - by 2.2 times.

In addition, the CAT activity reduced by 2.2 times
in brain homogenates, the GPx activity - by 1.3 times,
and the content of G-SH - by 1.5 times. The content of
lipid and protein peroxidation products increased
by 1.3 times compared to the intact control.

In the group of animals treated with ZNM the
normalization of free radical oxidation of macro-
molecules and the AOS activity was observed. The
use of ZNM significantly decreased the MDA level

Table 2

The effect of the ZNM derivative of 2-benzamido-2-(2-oxoindolin-3-iliden) acetic acid
on the content of lipid and protein peroxidation products and the activity of the antioxidant
system in the brain of rats with chronic hypobaric hypoxia (M+m, n=8)

Index Control Model pathology (CHH) CHH + ZNM CHH + mexidol
MDA, umol/g 33.4+1.60 43.3+1.5° 37.8+1.20¢ 35.32+1.73*
G-SH, umol/g 4.25+0.02 2.83+0.01" 3.97+0.05* 4.07+0.09%
OMP, o.d.u./g 10.83+0.45 14.53+0.62" 12.17+1.35% 11.69+2.04*
CAT, pmol/(minxmg) 3.85+0.50 1.76+0.69 3.27+0.50¢ 3.42+0.54%
GPx, nmol/(minxmg) | 170.4+3.40 130.945.66 164.23+3.52¢ 167.14+3.78"

Note. G-SH - reduced glutathione; other symbols are the same as in Table 1.
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in the blood plasma and brain structures (by 1.2 and
1.1 times, respectively), the OMP level (by 1.2 times
in the blood plasma and by 1.4 times in the brain
tissue). The CP content in the blood plasma had
1.7 times decrease, and the content of SH-groups
increased by 3.1 times. The CAT activity in the blood
plasma increased by 1.2 times in the blood plas-
ma, and in brain homogenates - by 1.9 times. The
G-SH level in brain homogenates increased by 1.4
times, the GPx activity significantly increased by
2.1 times in the blood plasma and by 1.3 times in
brain homogenates compared to the model patho-
logy group.

The action of the ZNM substance corresponds
to the action of the antihypoxant reference drug
mexidol by the effect on the prooxidant-antioxi-
dant indices studied in the blood plasma and in
brain structures although somewhat inferior to it.

Ilepestik BUKOpHUCTAHUX Kepes iHpopmanii

In general, the ZNM substance prevents negative
shifts of the prooxidant-antioxidant balance in the
organism of rats affected by CCH.

Therefore, both mexidol and the ZNM substance
demonstrate a significant antioxidant activity un-
der the conditions of CHH by stabilizing the balance
between prooxidant and antioxidant systems of the
body in rats, and it is particularly important in oxi-
dative stress caused by chronic hypoxia.

CONCLUSIONS

The ZNM derivative of 2-benzamido-2-(2-oxo-
indolin-3-iliden) acetic acid exhibits the antioxidant
properties under the conditions of chronic hypo-
baric hypoxia and promotes normalization of the
prooxidant-antioxidant balance in the blood plasma
and the brain of rats.
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