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EFFECT OF THE DERIVATIVE OF 2-BENZAMIDO-
2-(2-OXOINDOLIN-3-ILIDEN) ACETIC ACID ON THE
ACTIVITY OF FREE-RADICAL PROCESSES IN TRAUMATIC
BRAIN INJURY

In experiments on adult laboratory rats the effect of the derivative of 2-benzamido-2-(2-oxoindolin-3-iliden) ace-
tic acid under the symbol ZNM on the activity of the lipid and protein peroxidation and antioxidant system in blood
plasma and brain, as well as on the activity of the key enzyme of energy metabolism succinate dehydrogenase in
the brain of animals with a closed traumatic brain injury (TBI) of moderate severity in comparison with the reference
drug mexidol was investigated. It was established that ZNM not significantly concedes to the action of mexidol in its
cerebroprotective on antioxidant properties under the conditions of TBI, contributing to normalization of the prooxidant-
antioxidant balance in the blood plasma and brain of rats, as well as improving the energy metabolism in the cells of

the central nervous system.
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INTRODUCTION

Traumatic brain injury (TBI) is the most severe and
serious pathological condition in the structure of trauma-
tism. TBI continues to be the main cause of death (up to
60 % among injured) and disability of population (25 %
of survived patients) in the age group of 20-40 years.
Acute period of traumatic disease (TD) is a typical patho-
logical process, called posttraumatic endogenous intoxi-
cation (traumatic toxicosis). In TBI brain is the main so-
urce of endotoxemia in the body [3, 4]. One of the main
pathogenesis factors in acute period of TD in TBI is cere-
bral hypoxia, which leads to progressive brain tissue aci-
dosis, intracellular edema and depletion of the macroer-
gic compounds pool [10]. In its turn, the processes of an
intensification of cell membranes damage initiates, pri-
marily - by lipid peroxidation (LPO), free radical destruc-
tion of proteins, inactivation of enzymes and microcircu-
latory disorders [9].

During the screening studies of the 24 2-benzamido-
2-(2-oxoindolin-3-iliden) acetic acid derivatives an anti-
hypoxic activity of certain compounds under the condi-
tions of acute hypobaric hypoxia was established [11].
Among the studied derivatives the most significant an-
tihypoxic activity was observed when using compound
number 15 (ZNM) [11, 12], which suggests the neuro-
protective properties of this substance.
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The aim of the study was to establish the impact of
2-benzamido-2-(2-oxoindolin-3-iliden) acetic acid deri-
vative ZNM on the activity of free radical processes in
rats TBL

MATERIALS AND METHODS

The research was conducted on 32 white nonlinear
mature male rats weighting 180-200 g, divided into 4 groups
(n = 8): the first group was injected intraperitoneally the
substance ZNM at a dose of 15 mg/kg in the form of an
aqueous suspension stabilized by polysorbate 80 (Twe-
en 80) prior the TBI of moderate severity modeling; the
second group was administered prior the TBI the refe-
rence drug mexidol at a dose of 100 mg/kg; the third
(control) group was administered an equivalent amount
of solvent; the fourth group - intact control (ether anes-
thesia without TBI). TBI of moderate severity was mode-
led under the ether anesthesia with a standardized weight-
drop device (0.0495 kg, 0.315 ]) inducing a focal blunt
injury over the unprotected parietal-occipital head area
[2]. Drugs were administered in prophylactic and thera-
peutic regimen 3 days before (last - 30 minutes prior TBI)
and 2 days after it, after which the animals were decapi-
tated under the light ether anesthesia. The animals were
kept under the standard vivarium conditions at a con-
stant temperature and humidity with free access to food
and water. All manipulations were carried out in accor-
dance with European Union Directive 2010/63/EU on
the protection of animals used for scientific purposes.
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Table 1

INFLUENCE OF THE 2-BENZAMIDE-2-(2-OXOINDOLIN-3-ILIDEN) ACETIC ACID DERIVATIVE ZNM ON THE
LEVEL OF LIPID AND PROTEIN PEROXIDATION PRODUCTS AND ACTIVITY OF THE ANTIOXIDANT SYSTEM
IN BLOOD OF RATS WITH A CLOSED TRAUMATIC BRAIN INJURY (M + m, n = 8)

Index Control Model pathology (TBI) TBI + ZNM TBI + Mexidol
15.4 +1.82
19.92 + 0.56 1179£0.27 p,<0.01
MDA level, umol/1 9.17 £ 0.45 p;<0.01
p;<0.01 p,<0.05
p,<0.01
p;>0.05
0.86 + 0.03 0.98 +0.08
0.91+0.01 p, > 0.05
OMP level, 0.d.u./ml 0.82+0.02 p, >0.05
p; <0.05 p,>0.05
p,<0.05
p;>0.05
9.62 +0.14 12.70+0.28 11'9538'123
CAT activity, pmol/(minx]) 24.76 £ 1.05 R p;<0.01 Py =t
p;<0.01 <001 p,>0.05
P2 =% p, > 0.05
1764 +1.17 1419+7.77 150'Z 3 3534
CP level, mg/1 1563 +2.73 A p,>0.05 P>
p; >0.05 p,<0.01
p,<0.05
p;>0.05
2.7+ 0.04 3.4+0.23
1.64 +0.06 p,<0.01
SH-groups level, pmol/ml 4.33+£0.02 p;<0.01
p,<0.01 p,<0.01
p,<0.01
p;>0.05

Note: p, - index of significance comparing to control; p, - index of significance comparing to model pathology; p, - index of significance

comparing to substance ZNM; o.d.u. - optical density units.

To study the free radical processes the plasma and
homogenates of the animals’ brain were used. Activity
of lipid peroxidation was evaluated by the content of ma-
lone dialdehyde (MDA), determined by the reaction with
2-thiobarbituric acid and protein peroxidation - by the
level of oxidatively modified proteins (OMB), determined
by reaction with 2,4-dynitrofenylhydrazine to form hydra-
zones of the characteristic absorption spectrum [1]. Anti-
oxidant system (AOS) was evaluated by the activity of ca-
talase (CAT) in the reaction with ammonium molybda-
te, ceruloplasmin level (CP) by the oxidation reaction of
phenylenediamine and SH-groups level [7]. The degree
of the cellular energy metabolism disturbances in brain
was evaluated by the activity of succinate dehydrogenase
(SDH) [5]. Statistical analysis of the results was perfor-
med using SPSS Statistics 17.0 and Microsoft Excel 2013.
Statistical significance was evaluated using parametric
Student’s t-test (for normal distribution) and non-para-
metric Mann-Whitney U-test (in case of non-normal dis-
tribution). The critical level of significance was accepted
with p < 0.05.

RESULTS AND DISCUSSION

It was experimentally established that TBI is accom-
panied by a decrease of the antioxidant brain defense,
manifested by the deficiency of antioxidant enzymes and
non-enzymatic components of AOS (Tab. 1, 2). Thus, in
the model pathology (TBI) group a decreased activity of
CAT by 2.6 times in plasma, and by 1.6 times - in the brain
homogenates was registered. It was accompanied by the

increased level of lipid peroxidation product MDA in blood
plasma by 2.2 times and in brain homogenates - by 1.5
times; and an analogous increase of protein peroxidation
products (OMB) level both in blood plasma (by 2.2 times)
and in brain homogenates (by 1.6 times). Blood level of
SH-groups decreased by 2.6 times. The activity of suc-
cinate dehydrogenase (SDH) in brain homogenates was
decreased by 8.5 times, indicating the significant distur-
bance of aerobic metabolism in the central nervous sys-
tem cells, corresponding to expected changes by the lite-
rature data [3, 6, 8, 9].

However, in the group of rats administered with the
substance ZNM, a normalization of free radical oxidation
of macromolecules and AOS activity after TBI was obser-
ved. Use of ZNM significantly reduced the level of MDA
both in plasma and in brain structures (by 40.8 % and
17.1 % respectively) and OMB level to the control indi-
ces. CP content in plasma decreased by 19.6 % and fit
the control level, the content of SH-groups increased by
1.6 times. CAT activity increased in blood plasma and didn’t
differ significantly from that of control in brain homoge-
nates. Under the influence of ZNM the SDH activity in
brain structures increased by 2.5 times.

Thus, the substance ZNM with antihypoxic activity
[11, 12] normalizes the state of prooxidant-antioxidant
balance in the brain structures and in the whole organism
of animals with TBI and improves energy metabolism in
the cells of central nervous system. This suggests that the
derivative of 2-benzamido-2-(2-oxoindolin-3-iliden) acetic
acid ZNM has antioxidant and cerebroprotective properties.

[9]
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Table 2

INFLUENCE OF THE 2-BENZAMIDE-2-(2-OXOINDOLIN-3-ILIDEN) ACETIC ACID DERIVATIVE ZNM ON THE
LEVEL OF LIPID AND PROTEIN PEROXIDATION PRODUCTS, CATALASE AND SUCCINATE DEHYDROGENASE
ACTIVITY IN BRAIN OF RATS WITH A CLOSED TRAUMATIC BRAIN INJURY (M + m, n = 8)

Index Control Model pathology TBI + ZNM TBI + Mexidol
(TBI)
29.6 + 0.68 21.9+0.64
. 35.7 £0.69 p,>0.05
MDA level, pmol/g of protein 24.3+0.13 p, <0.05
p;<0.05 <001 p,<0.01
P2 =5 p,<0.05
12.87 +1.87 1584 £ 0.64
. 17.73 £ 0.34 p,>0.05
OMP level, 0.d.u./g of protein 11.23 £ 0.46 p; >0.05
p;<0.05 <005 p,>0.05
Pz =P p, > 0.05
6.30+£0.93 8.54£0.90 7.32>i00(i‘;4
CAT activity, pmol/(minxmg of protein) 10.05 £ 2.50 RPN p,>0.05 Py >
p,<0.01 > 0.05 p,>0.05
Pz =% p, > 0.05
14014 2.85+0.19 3'15:00616
SDH activity, nmol/(minxmg of protein) 9.67 +£0.43 AN p,<0.01 Py =t
p,<0.01 - 001 p,<0.01
P2 =P p, > 0.05

Note: The symbols are the same as in the Tab. 1.

The action of substance ZNM coincides to the effect
of reference drug mexidol. Although the substance ZNM
slightly concedes to antioxidant effect of mexidol in re-
duction of the lipid peroxidation in brain cells (Tab. 2),
but exceeds the effect of mexidol in normalization of
protein peroxidation in the cells of brain and MDA level
in blood plasma. Concerning other investigated parame-
ters in blood plasma and brain structures, any of signifi-
cant difference between the actions of ZNM and mexidol
wasn’t revealed (Tab. 1, 2).

CONCLUSIONS

1. The derivative of 2-benzamido-2-(2-oxoindolin-3-
iliden) acetic acid ZNM exhibits antioxidant and ce-
rebroprotective properties under the conditions of
closed brain injury of moderate severity, contribu-
ting to normalization of the prooxidant-antioxidant
balance in plasma and brain of rats and improving
energy metabolism in cells of the central nervous
system.

2. The derivative of 2-benzamido-2-(2-oxoindolin-3-
iliden) acetic acid ZNM doesn’t concede significantly
to the effect of reference drug mexidol under the con-
ditions of a closed traumatic brain injury of mode-
rate severity in the normalization of energy meta-
bolism in nerve cells of rats and prooxidant-antioxi-
dant balance in plasma and brain.
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0. C. BykaTapy, l. I. 3amopcbkuii, C. B. KosticHuk

BILJIUB MOXIJHOT0 2-EEH3AMI/I0-2-(2-0KCOIH/I0JITH-3-IJIIJEH) OL[TOBOI KMC/IOTU HA AKTUBHICTh

BIJIbHOPA/IUKAJ/IbHUX MPOLECIB ITPY YEPEITHOMO3KOBII TPABMI
B exkcrieprMeHTax Ha CTaTEBO3PiJIMX JIAGOPATOPHUX LIYPaX AOCTIKEHO 10 MOXiIHOrO 2-6eH3aMizio-
2(2-okcoinmosiH-3-iiieH) o1 TOBOI KUCJOTH IiJi YMOBHOK Ha3Bol0 ZNM Ha aKTHBHICTh BiJIbHO-
PaiMKaJbHOTO OKHMCHEHHS JIiMiiB i 6iKIB Ta cTaH aHTHOKCUJAHTHOI CUCTEMH B IJIa3Mi KpOBi Ta
roJIOBHOMY MO3KY, @ TAaKOX aKTHUBHICTb GepMeHTY eHepreTUYHOr0 06MiHY CYKIMHATAETiAporeHa-
31 B FOJIOBHOMY MO3KY IIpH 3aKpUTil 4yepenHoMo3koBiK TpaBMmi (UMT) cepeaHboi TsKKOCTI y 110-
PIBHAHHI 3 aHTUTINOKCAHTOM MeKCUJ0J10M. BcTaHoB1eHO, 0 ZNM cyTTEBO He NOCTYNAETbCA Ail
Mekcuo1y npyu UMT 11010 aHTHOKCUAAHTHUX i 11epe6GPONPOTEKTOPHUX BJIACTUBOCTEH, CIIPUSAIOUU
HopMaJiizalii NPOOKCUAHTHO-aHTUOKCUAAHTHOTO 6alaHCy B IJ1a3Mi KPOBi Ta TOJIOBHOMY MO3KY
IypiB, @ TAKOXK MOKpaIlyI0ul eHepreTUYHUN 00MiH y KJiTHHAX LleHTpaIbHOI HepBOBOI CHCTEMHU.
Knwo4yoBgi cioBa: noxiziHe 2-6eH3aMifo-2(2-0kcoiHA0MiH-3-11i1eH) 01ITOBOI KUCJIOTH; MEKCUJIOJT;
YyepenHOMO3KOBa TPaBMa; JliniiHa i 6iIKoBa NEPOKCUAALiSl; aHTUOKCHU/JAHTHA CUCTEMA; EHEPTeTUY-
HUH 0OMiH
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10. C. Bykarapy, U. U. 3amopckuii, C. B. KonecHuk

BJAASHUE MMPOU3BOJHOTI0 2-BEH3AMU/I-2 (2-0KCOUHAOJIUH-3-UIUAEH) YKCYCHOM KMCJIOTHI HA

AKTUBHOCTb CBOBOJHOPAIUKAJIbHBIX MTPOLIECCOB ITPY YEPEITHOMO3TIOBOM TPABME
B 3KkcrnepuMeHTax Ha M0JIOBO3PeEJIbIX JIJA60PATOPHBIX KPbICaX UCCJIeI0BAHO IeHCTBHE TPOU3BO/IHO-
ro 2-6eH3aMuji-2(2-0KCOMHAONNH-3-UIN/IeH) YKCYCHON KUCIOTHI MO YCJIOBHBIM 0603HaYE€HUEM
ZNM Ha aKTUBHOCTb JIMITUJHON U GEJIKOBOU MePOKCUAIUH U COCTOSTHHE aHTUOKCHUIAaHTHOU CUCTe-
MbI B IIJ1a3Me KPOBHU M TOJIOBHOM MO3Tre, a TaKXKe aKTHUBHOCTh GepMeHTa IHEPTreTHYECKOTO 0O6Me-
Ha CyKIMHATAEeruAporeHasbl B FOJIOBHOM MO3Te NPHU 3aKPBITON YepernHoMo3roBoi TpaBMe (UMT)
cpeJiHel TSHKeCTH 110 CPaBHEHUIO C aHTUTMIIOKCAHTOM MEKCH/10JI0M. YCTaHOBJIEHO, 4To ZNM cymiecT-
BEHHO He yCTymaeT JeHCTBUI0 MeKcuosia npyd UMT 1o aHTHOKCHAHTHBIM U Llepe6ponpoTeKTOp-
HBIM CBOHCTBAaM, CIIOCOGCTBYSI HOPMaJIM3aIMH MPOOKCHIAHTHO-aHTHOKCH/JAHTHOTO 6aJlaHca B IIJIa3Me
KPOBH ¥ T'OJIOBHOM MO3T€ KPbIC, @ TAKKe yJIydlllasi JHepreTHYeCKU 06MeH B KJIeTKaX IleHTPaJbHOU
HEpPBHOU CUCTEMBI.
KnioueBble c/10Ba: MPOU3BOAHOE 2-6eH3aMuU/-2(2-0KCOMH/I0IMH-3-UIU/IeH) YKCYCHON KHUCIOTHI;
MEeKCH/I0JI; YepeITHOMO3roBasl TPAaBMa; JIMIHUAHAS U 0eJIKOBas MepPOKCUAALMS; aHTUOKCUAAHTHAs
CUCTEMa; 3HepTeTUYeCKU 06MeH
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