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anunokuHamu. L{enbio maHHOM cTaThbu OBLIO MCCJICIOBaHUE
poiu OCHOBHBIX YyuacTHUKOB ocu RANK-RANKL-
OCTEONPOTETEPUH U IUTOKMHOB JOMOIHUTEIHHOTO 3BEHA
peryiasiTOpHOW CeTH - aJMNOHEKTHHAa M BHC(haTHHA U
B3aMMOCBSI3M 3TUX LUTOKMHOB HAa MOJAEIH XPOHUYECKOH
HapyleHHs QyHKIHH II0YeK y KpbIc. MoJeb XpOHHYECKOTO
HapymeHHus pyHKIUHU MO4YeK OblIa CO3[JaHa y KPBIC 4epes
12 Henmenp mociie OCTPOH MOYEYHOH HETOCTATOYHOCTH,
BBI3BAHHOU BHYTPUMBIIIEUHON HHBeKLHeH 50% riunepuHa.
Ypoeau RANKL, octeonporerepuna, aauloOHEKTHHA

u BuchaTuHa wusMepsuin MerogoMm HWDA. VYeennuenue
KOJIMYeCTBa LUTOKUHOB M U3MEHEHUS HX B3aUMOCBSI3HU
BBISIBIICHBI Y KPBIC C MOAENBIO XPOHUYIECKOTO HAPYIICHUS
¢ynknun mouek. CaenaH BBIBOL O TOM, 4TO 3((HEeKTHI
ocu nutokuHoB, rae RANKL sBusercss tpurrepom, B
CETU PEryIsALUU MEXKIECTOUHBIX CBA3€H «KOCTHas TKaHb
- MOYKH», UMEIOT BOCHAJIUTEIBHEIH XapakTep, Tak Xe,
KaKk ¥ BIUsAHHE BHUC(HATHHA, a aJUIOHEKTHH OKa3bIBaeT
INPOTUBOINOJIOXHBIM  COXpaHAKUIUNH KOCTHYI TKaHb

3 dekT.
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Neuroprotection and antioxidant treatment today are a perspec-
tive and proved direction because neurodestruction due to activa-
tion free radical oxidation can provoke the permanent loss of motor
or mental function. Nitric oxide (NO’) can play the role of a modu-
lator as active free radical in the central nervous system. In CNS
pathology nitric oxide can be a pathogenic factor of changes inside
the cells during cerebral ischemia [1,2]. In the acute phase of isch-
emia NO' plays a neuroprotective role but then especially in reper-
fusion (recirculation) period NO' effect becomes neurotoxic [3,4].
Especially at that moment in the nerve cells oxidative-nitrosative
stress develops where reactive nitrogen species act together with
reactive oxygen species. It results in nitration of the metal groups
in enzymes and causes their dysfunction. It also causes nucleic acid
fragmentation, decreasing NAD" and ATP level in the cells, inhibi-
tion of mitochondrial enzymes activities [5].

Major aggressive factor during this oxidative-nitrosative
stress is peroxynitrite (ONOO") due to extra production NO'.
As a strong oxidant peroxynitrite damages different biologically
active molecules and cell organelles. Also ONOO- reacts with
superoxide dismutase’s active center and produces toxic nitro-
sonium (NO") which nitrosizes phenol groups of amino acids
(including tyrosine). These impulses in the cells can start their
apoptosis [6,7]. So investigation of the antioxidants which will
be able to decrease NO and ONOO- toxicity (especially towards
superoxide dismutase) seems to be very of current interest.

[1,2,4]triazino[4,3-c]quinazoline represents a scantly explored
group of biologically active substances. It was established that
derivatives of 3,4,6,7-tetrahydro- and 3,4-dihydro-2H-[1,2,4]
triazino[4,3-c]quinazolines could potentiate barbiturate action
and also showed antidepressant, anti-inflammatory and analge-
sic activity.

So we conducted investigation antioxidant activity of
the nine new original derivatives of 2-(3,4-dihydro-3-oxo-
2H-[1,2,4]triazino[4,3-c]quinazolin-4-yl)acetic acid in vitro
and in vivo by using two nitrosative stress models. We stud-
ied protective effects of these acid derivatives on superoxide
dismutase (SOD) activity under conditions of excessive NO’
and ONOO- production.

© GMN

Materials and methods. /n vitro study

In the first experimental model, the antioxidant activity of
compounds was estimated in vitro with NO" induction [8]. NO’
induction was performed under the action of light on sodium
nitroprusside sample (the light source was 300W, wavelength
> 425nm). The light ray was focused on the sample with the
help of a lens. To remove the thermal effect, the ray was di-
rected through the water filter. We used a water solution of so-
dium nitroprusside Na,[Fe(NO)(CN),]x2H,0 (1.0 mM) which
was radiated in quartz flask lasting 30min. The efficiency of NO*
generation (control) and antioxidant activity of the investigated
substances were measured by oxidation rate of ascorbic acid (40
mM, wavelength = 265 nm). The investigated substances were
added to the samples before radiation at a concentration 10°M.
Antioxidant activity was expressed in percent of inhibition of
ascorbic acid oxidation.

In vivo study. In second experimental model, investigation
was carried out in the brain supernatant obtained from the white
Wistar rats (male, 200-250g, 4.5 months old). The rats were sup-
plied by the Institute of Pharmacology and Toxicology of the
Academy of Medical Sciences of Ukraine, Kyiv. All procedures
were conducted accordingly with the Directive 2010/63EU of
European Parliament and Council regarding the protection of
animals used for experimental and other scientific purposes (Za-
porozhye State Medical University Ethics Committee permit
No. 62 from 05.1V.2017). The rats were assigned to individual
housing in stainless steel, wire-bottomed cages. The quarantine
period for all animals was fourteen days. The animals were ex-
amined every day regarding the general state, health and death
rate. Cages with animals were placed in separate rooms. Light-
ing was maintained at the 12h light and 12h dark cycles. The
temperature was within 19-25C°, humidity — 50-70%. The ven-
tilation was set at 15 air volumes per hour and provided a con-
centration of CO, no more than 0.15%, ammonia — no more than
0.001 mg/l. Water (processed by reverse osmosis) and food were
available ad libitum from individual bottles and feeders.

In the day of the experiment after reaching the deep anesthe-
sia with sodium pentobarbital (40.0 mg/kg) rat’s cranium was
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quickly opened, and brain was extracted. The brain tissue was
cooled in isotonic solution of sodium chloride then homog-
enized in 5 volumes of 50mM Tris-HCI buffer (pH=7.4; t=5°C)
containing 0,5mM of EDTA and ImM of dithiothreitol. The
obtained homogenate was centrifuged at 11000g for 30min,
t=4°C. For the nitrosative stress modeling dinitrozolic complex
of Fe?* and cysteine were utilized. This is a stable NO' complex
which may be considered as a transport form of this radical [9].
NO'-cysteine complex was added to the supernatant (content of
protein 5 mg/ml) at a concentration 100mM and was incubated
for 10min at 4°C. The investigated substances were introduced
before incubation at a concentration 10°M.

The concentration of nitrotyrosine in brain homogenate was
quantitatively estimated by immunoenzymatical analysis. Samples
and standards were incubated in microtiter with antibodies recog-
nizing nitrotyrosine. During this incubation, nitrotyrosine was cap-
tured by the antibodies. Unbound material present in the sample
was removed by washing. Later biotinylated second antibodies
(tracer) to nitrotyrosine were added to the wells. If nitrotyrosine was
present in the sample, the tracer antibodies would bind to the cap-
tured nitrotyrosine. Excess tracer was removed by washing. Than
streptavidin-peroxidase conjugate was applied to the wells and re-
acted specifically with the biotinylated tracer antibody which was
bounded onto the captured nitrotyrosine. The excess streptavidin-
peroxidase conjugate was removed by washing. Tetramethylben-
zidine was added to the wells. The color developed proportionally
to the amount of nitrotyrosine presence in the sample and was mea-
sured with a spectrophotometer at 450nm. A standard curve was
obtained by plotting the absorbance versus the corresponding con-
centrations of defined standard (Nitrotyrosine. Elisa Test Kit, HyC-
ult Biotechnology b.v., HK 501).

Protein sedimentation with 20% solution of trichloracetic
acid was performed in the supernatant aliquot. 1.0ml of 0.1M
2,4-dinitrophenylhydrazine solution in 2M HCI was added to
denature protein and sample was incubated at 37°C for 60min.
Then the sample was centrifuged at 3000g for 20min. Sediment
was washed with ethanol:ethylacetate mixture (1:1) 3 times.
The obtained sediment was dried in thermostatic apparatus at
40°C and then it was dissolved in 3.0ml of 8M urea. For better
solubility 0.01ml of 2M HCI was added. The optic density of
dinitrophenylhydrazones was registered at wavelength 274nm
(aldehydes) and 363nm (carboxyles). The rate of protein oxida-
tive modification was expressed in units of optical density per
1g of protein [8].

This method of SOD activity estimation was based on adrena-
line’s autooxidation in basic medium leading to superoxide radical
formation. At SOD presence this reaction slows down [10]. 4.4 ml
of 0.5mM carbonate buffer (pH=10.2) was put into spectrophotom-
cter flask with the optical path of 1cm. 0.1ml of supernatant and
0.5ml of adrenaline solution in citric acid (100ml of distillate con-
tains 192mg of citric acid and 333mg of adrenaline) was added to
buffer solution. The kinetics of reaction was registered at 480nm.
SOD activity was expressed in units per 1mg of protein per min.

Statistical parameters were calculated using «Statistics» for
Windows. For the estimation of significant differences between
the groups the Mann-Whitney criteria were used.

Synthesis of original compounds. All materials were purchased
from Merck. The elemental analyses (C, H, N) were performed us-
ing the Perkin-Elmer 2400 CHN analyzer and were within £0.3 of
the theoretical values. Melting points (mp) were determined in open
capillary tubes of a Thiele’s apparatus. UV spectra (200-400nm)
were recorded on a «Specord-200». IR spectra (4000-600cm™)
were recorded on a Bruker ALPHA FT-IR spectrometer using a
module for measuring attenuated total reflection (ATR). 'H-NMR
spectra were recorded on a Mercury 400 (400MHz) spectrometer
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with tetramethylsilane (TMS) as internal standard in dimethylsul-
phoxide (DMSO-d,) solution. Chemical shifts (3) are given in ppm
units. J values are reported in Hz. Electron impact mass spectra (EI-
MS) were determined on a Varian 1200L instrument at 70eV. Lig-
uid chromatography-mass spectrometry (LC-MS) results were re-
corded using a chromatography/mass spectrometric system which
consists of high-performance liquid chromatograph “Agilent 1100
Series” equipped with diode-matrix and mass-selective detector
“Agilent LC/MSD SL”. The structures of new compounds were
investigated by combustion elemental analysis and spectroscopic
measurements.

2-(3,4-Dihydro-3-oxo0-2H-[1,2,4|triazino[4,3-c|quinazolin-
4-yl)acetic acid (2) was synthesized by treatment of 4-hydra-
zinoquinazoline (1) (12.85g, 80mmol) in glacial acetic acid or
dimethylformamide (DMF) (100mL) with maleic anhydride
(9.41g, 96mmol) [11,12]. The resulting mixture was refluxed
with stirring for 2-3h. After cooling, a crystalline precipitate was
filtered off and washed with EtOH (Fig.).

@Q o
|
N 3a-e N\N OR
[SNLN) N,
N 3 M
NH i N o 3a: R=Me; 3b: R=Et; 3c: 2-CI-Et;
| ‘ rf — 3d: R=Pr; 3e: R=i-Pr; 3f: R=Bn
2 N OH
N o
H

1 Ny
N
CDI A
e 3
iii N o
|
N NHR
4a-c H o

NH,
4a: R=Morpholine;
4b: R=Bn; 4c: R=Ph

i AcOH or DMF, reflux, 2-3 h; ii: H,SO, or SOCI,, 80°C, 5-6 h;
iii: dioxan or DMF, reflux, 4-5 h

Fig. Synthesis of  2-(3,4-dihydro-3-oxo-2H-[1,2,4]
triazino[4,3-c]quinazolin-4-yl) acetic acids (2), esters (3a-f)
and amides (4a-c).

AcOH — acetic acid; DMF — dimethylformamide; Me — Meth-
yl; Et — Ethyl; Pr— Propyl; Bn — Benzyl; Ph — Phenyl

2-(3,4-Dihydro-3-oxo-2H-[1,2,4]triazino[4,3-c]quinazolin-
4-ylacetic acid (2). Yield 77.2%; mp 266-268°C; "H-NMR &:
2.93 (d, 2H, J=4.8Hz, CH,), 5.06 (t, 1H, /=4.8Hz, H-4), 7.4 (m,
2H, H-8,10), 7.56 (t, 1H, J/=7.6Hz, H-9), 7.81 (s, 1H, H-6), 7.90
(d, 1H, J=7.6Hz, H-11), 10.96 (s, IH, NH); LC-MS m/z: 259
(MH"), 213 ([IMH-COOH]""); EI-MS m/z: 258 (M*", 17.0), 213
(31.9), 212 (100.0), 211 (4.1), 200 (4.0), 199 (43.9), 171 (3.8),
156 (18.2), 154 (4.3), 130 (4.4), 129 (51.6), 128 (17.3), 127 (4.5),
116 (3.1), 115 (7.3), 101 (4.1). Anal. Caled for C ,H, \N,O,: C,
55.81; H, 3.90; N, 21.70. Found: C, 55.85; H, 3.96; N, 21.64.

The IR spectrum of acid (2) was characterized by stretching
vibrations of associated vibrations v, and v, at 3444-3011cm
!, by the intensive characteristic band at 2784-2469cm’!, by
vibrations ve_, at 1738-1706cm™ and v,  at 992-917cm.
Moreover intensive aliphatic CH, group band of symmetric and
asymmetric stretching vibrations at 2978-2855c¢m’!, stretch-
ing vibrations of the carbonyl group of lactam bond at 1712-
1662cm”, v . at 1643-1468cm™ and intensive out-of-plane
deformation of CH of the aromatic rings at 846-771cm™ were
shown for substance (2).

The '"H-NMR spectrum of acid (2) was presented as: the two
protons of the exocyclic methylene group appeared as a doublet
at 2.93ppm and the H(4) was found as a triplet at 5.06ppm with
coupling constant 4.8Hz. Other signals related to the quinazoline
protons in the aromatic region and NH-proton at 10.96ppm. In
the LC-MS analysis of compound (2) was found the intense peak
of quasimolecular ion [MH]" (m/z=259) and [MH-COOH]"" (m/
z=213). The EI-MS spectrum of compound (2) showed its mo-




GEORGIAN MEDICAL NEWS
No 7-8 (280-281) 2018

lecular ion peak at m/z=258 which fragmentation corresponds
to initial loss of the COOH, HCOOH and CH,COOH groups.
Further destruction related to the C(11b)-N(1) and N(5)-C(4)
bonds and formation of quinazolinium ion (m/z=129). Another
fragmentation pattern concerned with N(1)-N(2) and C(4)-C(3)
bonds breaking followed by elimination of HNCO.

2-(3,4-Dihydro-3-oxo0-2H-[1,2,4]|triazino[4,3-c|quinazolin-
4-yl)acetic acid esters (3a—f).

Method A. A mixture of acid (2) (1.29g, Smmol) with alcohol
(10mL) and H,SO, (0.5-1.0mL) was heated at 80°C for 5-6h. The
mixture was cooled to room temperature and quenched with NaH-
CO,. The formed precipitate was filtered off and washed with H,O.

Method B. SOCI, (0.54mL, 7.5mmol) was added dropwise to a
suspension of acid (2) (1.29g, Smmol) in an alcohol (10mL) and
DMF (1 drop). The mixture was heated at 80°C for 5-6h. After
cooling till room temperature the solution was quenched with NaH-
CO,. The formed precipitate was filtered off and washed with H,0.

2-(3.4-Dihydro-3-oxo-2H-[1,2,4]triazino[4,3-c]quinazolin-4-yl)
acetic acid methyl ester (3a). Yield 82.6% (method B); mp 218-
224°C (methanol); 'H-NMR 6: 3.03 (d, 2H, /=4.8Hz, CH,), 3.52 (s,
1H, CH,), 5.11 (t, 1H, J=4.8Hz, H-4), 7.40 (m, 2H, H-8,10), 7.57 (t,
1H, J=7.6Hz, H-9), 7.81 (s, IH, H-6), 7.91 (d, 1H, /=7.6Hz, H-11),
11.00 (s, 1H, NH); LC-MS m/z: 272 (M"), 213 (M—COOCH,); EI-
MS m/z: 273 (7.0), 272 (34.1), 254 (12.5), 241 (8.3), 240 (21.2),
239 (5.7), 238 (5.6), 214 (6.0), 213 (51.4), 212 (100), 210 (34.7),
200 (10.8), 199 (53.0), 171 (17.2), 130 (22.0), 129 (50.1), 117
(12.0), 116 (6.0), 115 (8.4), 103 (26.3), 102 (40.9), 90 (19.6), 90
(19.6), 89 (8.8), 88 (6.7), 76 (17.6), 75 (13.2), 63 (6.5), 55 (23.6).
Anal. Caled for C ;H N,O,: C, 57.35; H, 4.44; N, 20.58. Found: C,
57.30; H, 4.39; N, 20.64.

2-(3.4-Dihydro-3-oxo-2H-[1,2,4]triazino[4,3-c]quinazolin-
4-yl)acetic acid ethyl ester (3b). Yield 60.0% (method A); mp
184-186°C (methanol); '"H-NMR &: 1.03 (t, 3H, J=7.1Hz, CH,),
3.01 (d, 2H, J=4.8Hz, CH,COOH), 3.96 (m, 2H, CH,CH,),
5.12 (t, 1H, J=4.8Hz, H-4), 7.40 (m, 2H, H-8,10), 7.57 (t, 1H,
J=7.7Hz, H-9), 7.82 (s, 1H, H-6), 7.91 (d, 1H, J=7.7Hz, H-11),
11.00 (s, 1H, NH); LC-MS m/z: 287 (MH"). Anal. Calcd for
C,H N, C, 58.74; H, 4.93; N, 19.57. Found: C, 58.69; H,
4.98; N, 19.61.

2-(3.4-Dihydro-3-oxo-2H-[1,2,4]triazino[4,3-c]quinazolin-

200-202°C (dioxane-H,0); 'H-NMR &: 3.00 (d, 2H, J=5.0Hz,
CH,+H,0), 5.02 (s, 2H, CH,CH,), 5.07 (t, 1H, J=5.0Hz,
J=7.6Hz, H-4), 7.21 (m, 5H, H,,), 7.30 (t, 1H, J=7.6Hz, H-10),
7.36 (d, 1H, J=7.6Hz, H-8), 7.47 (t, |H, J=7.6Hz, H-9), 7.71 (s,
1H, H-6), 7.93 (d, 1H, J=7.6Hz, H-11), 10.89 (s, 1H, NH); LC-
MS m/z: 349 (MH"). Anal. Caled for C H N,O,: C, 65.51; H,
4.63; N, 16.08. found: C, 65.47; H, 4.69; N, 16.02.

Shifting of stretching vibrations in the high-frequency area of
the spectrum (1748-1729cm’!), appearance the band of stretch-
ing vibrations v, , at 1360-1300cm™ which had a similar inten-
sity of v_, and appearance the band of more intensive and wide
symmetric and asymmetric aliphatic group stretching vibrations
at 2978-2797cm! revealed for esters (3a-f).

From acid (2) we obtained esters (3a-f) by method A and
method B (more manageable and provided better yields). In
the spectra of esters (3a-f) characteristic triplet of H(4) at 5.12-
5.00ppm and two proton doublet of CH, group at 3.03-2.91ppm
were revealed. In addition the signals of alkoxy groups appeared
in high-field region.

2-(3,4-Dihydro-3-oxo0-2H-[1,2,4]|triazino|4,3-c]quinazolin-
4-yl)acetic acid amides (4a-c).

Smmol (1.0g) carbonildiimidazole (CDI) was added to a solu-
tion of Smmol (1.29g) acid (2) in 10ml waterless dioxan or DMF.
The mixture was refluxed at 60-80°C temperature for 1-1.5h. Then
Smmol of an appropriate amine was added to the solution and mix-
ture was heated for 6h. After cooling till room temperature H,O was
added. The resulting solution was adjusted to pH 6-7 by adding ace-
tic acid. The obtained precipitate was filtered off and dried in air.

2-(3,4-Dihydro-3-oxo-2H-[1,2,4]triazino[4,3-c]quinazolin-
4-vl)acetic acid morpholide (4a). Yield 61.9%; mp 220-224°C
(propanol-2); 'H-NMR &: 2.96 (d, 2H, J=5.0Hz, CH,+H,0),
3.50-3.38 (m, 8H, morfoline), 5.02 (g, 1H, J=3.3Hz, H-4), 7.28
(t, 1H, J=7.8Hz, H-10), 7.35 (d, 1H, J=7.8Hz, H-8), 7.45 (t,
1H, J=7.2Hz, H-9), 7.72 (s, 1H, H-6), 7.93 (d, 1H, J=7.0Hz,
H-11), 10.80 (s, |H, NH); LC-MS m/z: 328 (MH"); EI-MS m/z:
328 (3.7), 327 (22.0), 240 (39.9), 213 (38.9), 212 (100.0), 199
(5.9), 144 (7.4), 130 (13.7), 129 (24.2), 103 (7.1), 102 (9.1), 88
(11.0), 70 (9.6), 56 (7.3), 43 (5.7). Anal. Calcd for C H N.O,:
C, 58.71; H, 5.23; N, 21.39. Found: C, 58.83; H, 5.36; N, 21.42.

2-(3,4-Dihvdro-3-oxo-2H-[1,2,4]triazino[4.3-c]quinazolin-

4-ylacetic acid 2-chloroethyl ester (3¢). Yield 75.0% (method
B); mp 220-224°C (dioxane); LC-MS m/z: 321, 323 (MH").
Anal. Caled for C H NO,: C, 52.4; H, 4.09; Cl, 11.05; N,
17.47. Found: C, 52.53; H, 4.12; CI, 11.12; N, 17.51.
2-(3.4-Dihydro-3-oxo-2H-[1,2,4]triazino[4,3-c]quinazolin-
4-yl)acetic acid propyl ester (3d). Yield 91.9% (method B);
mp 189-192°C (propanol-2); '"H-NMR &: 0.81 (t, 3H, J=7.1Hz,
CH,); 1.51 (sxt, 2H, J=7.1Hz, CH,CH,), 2.91 (d, 2H, J=5.0Hz,
CH,COOH), 3.93 (t, 2H, J=6.6Hz, CH,C,H,), 5.03 (t, 1H
J=5.0Hz, H-4), 7.29 (t, 1H, J=7.6Hz, H-10), 7.35 (d, 1H,
J=7.6Hz, H-8), 7.46 (t, 1H, J=7.6Hz, H-9), 7.69 (s, 1H, H-6),
7.94 (d, 1H, J=7.6Hz, H-11), 10.87 (s, 1H, NH); LC-MS m/z:
301 (MH"). 4nal. Caled for C, H N,O.: C, 59.99; H, 5.37; N,

18.66. Found: C, 60.04; H, 5.32; N, 18. 62
2-(3.4-Dihydro-3-oxo-2H-[1,2,4]triazino[4,3-c]quinazolin-

4-vl)acetic acid benzylamide (4b). Yield 51.4%; mp 238-239°C
(ethanol-H,0); 'H-NMR &: 2.78 (m, 2H, CH,+H,0), 4.18 (d,
2H, J=2.5Hz, CH,CH,), 5.07 (t, 1H, J=6.6Hz, H-4), 7.11 (m,
3H, H-3, H-4, H-5 Ph), 7.03 (d, 2H, J=6.1Hz, H-2, H-6 Ph), 7.40
(t, 1H, J=7.4Hz, H-10), 7.43 (d, 1H, J=7.5Hz, H-8), 7.59 (t, 1H,
J=7.4Hz, H-9), 7.69 (s, 1H, H-6), 7.90 (d, 1H, J=8.2Hz, H-11),
8.52 (d, 1H, J=4.7Hz, NH), 10.97 (s, 1H, NH); LC-MS m/z: 348
(MH"); EI-MS m/z: 348 (3.8), 347 (25.2), 241 (6.2), 240 (68.3),
239 (23.5), 214 (6.7), 213 (61.3), 212 (100.0), 171 (6.7), 144
(10.3), 130 (12.6), 129 (37.0), 117 (8.1), 105 (6.2), 104 (8.6),
103 (11.7), 102 (14.2), 92 (9.3), 91 (36.3), 89 (5.9), 77 (8.0), 65
(6.9), 55 (6.5), 51 (5.6). Anal. Calcd for C ;H N.O,: C, 65.70;
H, 4.93; N, 20.16. Found: C, 65.79; H, 4.99; N, 20.22.
2-(3.4-Dihydro-3-oxo-2H-[1,2,4]triazino[4,3-c]quinazolin-
4-vDacetic acid phenylamide (4c). Yield 84.6%; mp 272-276°C

4-yl)acetic acid isopropyl ester (3e). Yield 20.8% (method A),
91.3% (method B); mp 220-224°C (ethanol); '"H-NMR &: 1.02
(m, 6H, CH(CH,),), 2.98 (d, 2H, J=4.8Hz, CH,), 4.78 (m, 1H,
CH(CH,),), 5.11 (t, 1H, J=4.8, H-4), 7.40 (m, 2H, H-8,10), 7.56
(t, 1H, J=7.6Hz, H-9), 7.83 (s, 1H, H-6), 7.90 (d, 1H, J=7.6Hz,
H-11), 11.00 (s, 1H, NH); LC-MS m/z: 301 (MH"). Anal. Calcd
for C H N,O,: C, 59.99; H, 5.37; N, 18.66. Found: C, 60.03;
H, 5.40; N, 18. 71
2-(3.4-Dihydro-3-oxo-2H-[1,2,4]triazino[4,3-c]quinazolin-
4-yl)acetic acid benzyl ester (3f). Yield 80.5% (method B); mp

© GMN

(propanol-2-H,0); 'H-NMR &: 2,98 (1H, -CH2, J=4.9Hz); 3,09
(1H, -CH2, J=4.9Hz), 5,18 (1H, H-4, J=4.7Hz), 7,0 (1H, H-4 Ph,
J=14Hz), 7,26 (2H, H-3, 5 Ph), 7,38 (2H, H-8, 10), 7,42 (3H, H-2,
5 Ph), 7,52 (1H, H-9, /=7.6Hz), 7,72 (1H, H-6), 7,91 (1H, H-11,
J=74Hz), 10,1 (1H, -C(O)NH), 10,97 (1H, 2-NH); LC-MS m/z: 334
(MH"); EI-MS m/z: 334 (3.0), 333 (12.9), 240 (37.5), 213 (20.3),
212 (100.0), 171 (7.6), 130 (15.0), 129 (25.4), 117 (7.5), 103 (6.6),
102 (7.7), 93 (10.3), 77 (6.5). Anal. Caled for C ;H,\N,O,: C, 64.86;
H,4.54; N, 21.01. Found: C, 64.92; H, 4.51; N, 21.09.

In the IR spectra of amides (4a-c) the intensive band of ab-
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Table 1: Antioxidant activity of the investigated compounds in sodium nitroprusside photoinduced reaction (in vitro)

Cipher of compound D of optical density at I=265nm Antioxidant activity, %

2) 0.620.01 0
(3a) 0.324+0.005%* 46.7
(3b) 0.35+£0.01* 41.2
(3¢c) 0.33£0.01 45.0
(3d) 0.35+0.01* 41.7
(39) 0.3£0.005%* 50.0
(4a) 0.35+0.01 41.7
(4b) 0.34+0.005* 48.7
(4c) 0.3840.01 36.7

Control 0.60.01 -

notes: * — the probability compare to control group (p<0.05)

Table 2. Effect of (3f) on SOD activity and content of the products after protein oxidative modification
in the supernatant of rats’ brain in the nitrosative stress model (in vivo)

SOD, Products of POM, Nitrot ine in brai
The investigated samples units/mg units/mg protein firotyrosine in brain
P homogenate, nM
protein/min 270nm 363nm
Intact 260.7+7.6 14.0£0.11 22.3£0.17 3.7£0.8
Control (adding of stable NO'| ), 5 26.2+0.21 36.740.10 11.0£0.7
and cysteine complex, 100puM)
Experimental (adding of stable
NO- and cysteine complex + (3f), 200.6+4.2" 17.840.10" 27.6%0.11" 4.810.4
100uM)

notes: * — the probability compare to the intact group (p<0.05)

sorptions appeared at 3199-3024cm™ and 3387-3149cm™, and
stretching vibrations were shown at 1659-1628cm™ (amide I)
and out-of-plane deformation at 1613-1550cm™" (amide II).

The acid (2) was also turned in amides 4a-c after the activa-
tion of the carboxylic group by carbonyldiimidazole in a waterless
solvent (dioxane or DMF). The spectra of amides (4a-c) displayed
characteristic two singlets of 2-NH at 10.97-10.80ppm and amide
group proton at 8.52ppm, a triplet of H(4) at 5.07-5.02ppm, two
proton doublet of CH, group at 2.96-2.78ppm. The signals of al-
kyl and aryl groups appeared in the high-field region.

Analysis of antioxidant activity

Antioxidant activity estimation of the investigated compounds
in sodium nitroprusside photoinduction model revealed that the
synthesized esters (3a-3f) and amides (4a-4c) of 2-(3,4-dihydro-
3-ox0-2H-[1,2,4]triazino[4,3-c]quinazolin-4-yl)acetic acids
play a significant role in the inhibition of NO" formation. In this
model acid (2) wasn’t active while benzyl ester (3f) of acid (2)
residue showed the maximal activity in the inhibition of NO
formation (Table 1). We are prone to think that the activity of
these compounds is due to substitution inside radical.

The model of nitrosative stress in the supernatant of rats’ brain
was characterized by the inhibition of antioxidant enzyme (super-
oxide dismutase) activity due to increasing a formation of products
after protein oxidative modification (aldehyde-phenylhydrazones
and ketone-phenylhydrazones). These reaction products showed
the maximum of absorption at 270 and 363nm (Table 2).

The obtained data does not contradict the data obtained by
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other investigators which showed that the nitration of thiol
groups of protein molecules (receptors, ionic channels) and phe-
nols occurred in nitrosative stress [13]. The activity of antioxi-
dant enzymes is inhibited by formation of nitrocomplexes with
metal ions of enzyme’s active center. Reduction of SOD activity
and thiol level results in significant increase of the free radical
oxidation [1-4,6,13-15].

2-(3,4-Dihydro-3-oxo0-2H-[1,2,4]triazino[4,3-c]quinazolin-
4-yl)acetic acid benzyl ester (3f) (10°M) adding into incubating
mixture before nitrosative stress modeling resulted in protec-
tive activity towards superoxide dismutase which was the most
significant compared to other derivatives of acid (2) (Table 2).
Also (3f) most effectively reduced the formation of the products
after protein oxidative modification and nitrotyrosine. One of
the most important mechanisms (3f)’s antioxidant activity is the
ability to stabilize NO molecule and to decrease hyperproduc-
tion NO radicals. This can protect SOD from deactivation.

Conclusion. In the present paper, the series of new 2-(3,4-di-
hydro-3-ox0-2H-[1,2,4]triazino[4,3-c]quinazolin-4-yl)acetic
acids derivatives which were tested for antioxidant activity in
the nitrosative stress model were described. Synthesized new
compounds displayed high antioxidant activity. 2-(3,4-Dihydro-
3-0x0-2H-[1,2,4]triazino[4,3-c]quinazolin-4-yl)acetic acid ben-
zyl ester (3f) is the most active compound. This activity revealed
in defending SOD from damage in nitrosative stress.

Acknowledgements. The authors thank Svetlana Gorbachova
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SUMMARY

SYNTHESIS OF THE NEW 2-(3,4-dihydro-3-oxo-2H-[1,2,4|triazino[4,3-c|quinazolin-4-yl) ACETIC ACID DERIVAYIVES
AND ANALYSIS OF THEIR ANTIOXIDANT ACTIVITY IN NITROSATIVE STRESS MODELS

"Belenichev L., 3Gorchakova N., “Puzyrenko A., *’Kovalenko S., 'Bukhtiayrova N.

Zaporozhye State Medical University, ' Department of the Pharmacology; *Department of the Organic and Bioorganic Chemistry,
3Bogomolets National Medical University, Department of the Pharmacology, Kiev, Ukraine, *All Saints University School
of Medicine Department of the Pharmacology, Dominika

Today we know that NO" and ONOO- are clue pathophysi-
ological factors for progression some ischemic diseases of the
central nervous system. So investigation of the antioxidants
which will be able to decrease NO" and ONOO- toxicity seems
to be very of current interest.

The six esters and three amides of 2-(3,4-dihydro-3-oxo-
2H-[1,2,4]triazino[4,3-c]quinazolin-4-yl)acetic acid were syn-
thesized for this study, and we showed evidence of antioxidant
activity of these new original derivatives.

We studied the effect of 2-(3,4-dihydro-3-oxo-2H-[1,2,4]
triazino[4,3-c]quinazolin-4-yl)acetic acid derivatives on super-
oxide dismutase activity under the condition of excessive NO*
and ONOO" production. NO" induction was performed by the ac-

tion of light on sodium nitroprusside Na,[Fe(NO)(CN),]x2H,0
in vitro. Also, the investigation of the substances was carried
out in the brain supernatant obtained from the white Wistar rats
in vivo. For nitrosative stress modeling dinitrozolic complex of
Fe?* and cysteine were utilized.

Our data showed that 2-(3,4-dihydro-3-ox0-2H-[1,2,4]
triazino[4,3-c]quinazolin-4-yl)acetic acid is not active com-
pound while its esters and amides have antioxidant activity.
Compound benzyl ester of this acid revealed the most effective
antioxidant activity.

Keywords: quinazoline derivative, antioxidant, nitrosative
stress, neuroprotection.

PE3IOME

CHUHTE3 HOBBIX IPOU3BOJHBIX 2-(3,4-DIHYDRO-3-0X0-24-[1,2,4] TRIAZINO[4,3-C|QUINAZOLIN-4-YL)
ACETIC ACID 1 AHAJIN3 UX AHTUOKCUJAHTHOU AKTUBHOCTH

ibenennyen U., 'opuakosa H., [Ty3sipenko A4, KoBanenko C., Byxriaposa H.

3anopoorcckuil 20cyoapemeennblil Meouyunckuil ynueepcumem, 'kagedpa papmaronozuu; *raghedpa opeanuueckoii u buoopaa-
nuueckou xumuu; *Hayuonanonviti meouyunckuii ynusepcumem um. A.A. Bocomonvya, kageopa papmaronoeuu, Kues, Yxpauna;
*Vuueepcumem ecex cesimolx, kageopa papmaronoeuu, Poso, Jomunuka

N3BectHO, uTo NO' 1 ONOO" SIBIISIFOTCSI KITFOYEBBIME MAaTO(H-
3MOJIOTHYECKUMH (DaKTOPaMH HPOTPECCHPOBAHUS HEKOTOPBIX
UIIEMHYECKHUX 3a00JIeBaHUH [IEHTPAIbHOW HEPBHOW CHCTEMBI,

© GMN

UCXOJIsl U3 DTOT0, MCCJIE0BAHNE aHTHOKCHIAHTOB, CIIOCOOHBIX
cHmxkarh TokcndyHocth NO' 1 ONOO-, npencraBisercs Becbma
AKTyaJIbHBIM.

177



B uccneoBaHUM CHHTE3UPOBAHBI LIECTh CIOKHBIX Y(PHUPOB
u tpu amuna 2-(3,4-dihydro-3-oxo-2H-[1,2,4]triazino[4,3-c]
quinazolin-4-yl)acetic acid, BBISIBICHO HATMYHE aHTUOKCHIAHT-
HO aKTMBHOCTH 3THX HOBBIX HCXOJHBIX ITPOU3BO/IHBIX.

Wzyuyeno BnmsHue npousBoiaHsix 2-(3,4-dihydro-3-oxo-
2H-[1,2,4]triazino[4,3-c]quinazolin-4-yl)acetic acid Ha ak-
TUBHOCTH CYIEPOKCHJAUCMYTa3bl IIPH U30BITOUHON TIPOAYK-
uur NO' and ONOO". Unayknus NO' mpoBoauiace myTem
BO3JIEHCTBUs cBeTa Ha HUTponpyccun narpus Na,[Fe(NO)
(CN),]x2H,0 in vitro. HccnenoBanue BEMECTB OCYIIECT-

MEJTUIIMHCKUE HOBOCTHU I'PY3UU
LSISHNZIKLME LSFIRNGO6(M NS I6()

BJSUIM Ha CyNEpHATaHTE IOJIOBHOTO MO3ra, MOJyYeHHOM OT
Oenbix kpbic Wistar rats in vivo. /st MomenupoBaHus HU-
TPO3ATHBHOTO CTPECCa HUCIOJIB30BAIN JAUHUTPO30IBHbINA KOM-
wieke Fe?* u nucrens.

IMonyueHusle naHHbIC BIABHIM, 4TO 2-(3,4-dihydro-3-oxo-
2H-[1,2,4]triazino[4,3-c]quinazolin-4-yl)acetic acid nHe sBisteT-
Csl aKTUBHBIM COCIMHEHHEM, TOT/Ia KaK ee CIOKHBbIC dPUpHI 1
aMHUJIbl 00JI1aJal0T AaHTHMOKCHIAHTHOM akTHBHOCTBIO. CoennHe-
HHe OEH3MI0BOTO A(upa 3TOI KHCIOTH XapaKTepU3yeTCsl BbI-
pa)XEHHOW aHTHOKCHJAHTHON aKTHBHOCTBHIO.

A9boydy

sbogno 2-(3,4-dihydro-3-ox0-2H-[1,2,4]triazino[4,3-c]quinazolin-4-yl) dds@dgogol Fomdmgdyamgdols Lobmgbo
©> dom0 sbGomJbmszoy®o 5JBogmdols sbognobo

'o. dgangbohgg, 6. ambhsgmgs,*s. 39boMgbm, L. jmgomgbim, 6. dyb@os®mgs

bodm@mgogl bobgadfoxm Lsdgoozobm 960390L0G 9@ 0, 'Bomdsgmemmaools Jomgoes;
2m@aobyao ©> d0mm®ysbyeo Jodool jomgus; 3. bmamdgen g0l bob. bogombsgy®o LsdgwoEobm
960390 L0E 9B 0, 30930, 9305065 Mgmgaow [dbobs" 9boggdlodgdo, Ro®Isgo@emyool Jomge®s, GmMbm, emdobogs

bop@golbme  bmdogros, ®md NO s ONOO (s@-
0oy 9696 {odygeb 3smmgobomemyogdo god@mdgol
(396HOsy@o bgdgymo LobEgdol 0dgdoydo osgswy-
3950l 3Gma@gbomgdsdo. 5gesb aodmdwobomyg, Ig@How
Ao g®os sbBomJlosb@gdols gsdm3gemggs, @mdeng-
b0 9993330098 NO ws ONOO @oJlogdmdsh.

>0b0dbymo  ggerggolmgols  Lobmgbods 6 @mymo
9090 ©s 3 sdowo 2-(3,4-dihydro-3-oxo-2H-[1,2,4]triazino[4,3-
c]quinazolin-4-yl) dds@dgogs @ Bggbl ogd ol mws
od sbogno {o®mdmgoymagdol sbBomJlowsb@mo s@ogmds.
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2-(3,4-dihydro-3-ox0-2H-[1,2,4]triazino[4,3-c]quinazolin-4-yl)
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d9Bobol 5JHogmdsby NO ws ONOO-U doédo 3Gmweyd-
3oob ({odmgdol) 306mdgddo.

NO-l  obpyglaos aobbmdEogmes  bos@®oyndol  bo-
BOM3Ggboebg  Na,[Fe(NO)(CN)Jx2H,0 dgjol  bgdem -
d9gdol J39d in vitro. 3s@oggary@de gobbm®zogmos
bogmogdgdol ggaggs mgm®o go®mbgdol (Wistar) mo-
3oL Bgobbyg in vivo. boddmmbymo LEMgbol dmwgano-
Ggdobmgols  asdmygbgdgemo  ogm  Fewobo@dmmbyeo
3033 glo s 3olgobo.

do@gdygads dmbsozgdgods ohggbs, Gmd 2-(3,4-dihydro-
3-ox0-2H-[1,2,4]triazino[4,3-c]quinazolin-4-yl) ddo™dgogs
o [od3moagbl 5JHoy®d bog@ml, 35Tob GmEybsg
dobo Goygmo gmgagdo ©s 5doEgdo Famdgh Sb@o-
Joboozoyn® oJBogmosl. s@bodbygeo dgogol dgbbo-
@ol g0 g@msb bosgtmds godmagmobs gu®® 3390@ o
3odmbos@gamo sb@omJboszoy®o sjBogmds.

CPABHUTEJBHBIN AHAJIN3 ACCOPTUMEHTA TOMEONATHYECKHUX JJEKAPCTBEHHBIX CPEJCTB HA
®APMALIEBTUYECKOM PBIHKE YKPAMHBI, POCCUIICKOI ®EJEPALIMH,
PECITYBJIMK BEJIAPYCH U KABAXCTAH

Tosouxo B.M., Anonkuna B.1O., Bakyienko /1.B., My3bika T.®.

Hayuonanvnwiii hapmayesmuyveckuil ynusepcumem, Hncmumym nosvluleHus Keanu@ukayuy cneyuanucmos dapmayuu,
Kageopa ynpasnenus u SKOHOMuKY papmayuu, Xapbkos, Ykpauna

CoBpeMeHHBIE JOCTHKEHUS (papMaKOTeparuy MPUBOISAT HE
TOJILKO K TIOJIOKUTEIBHBIM Pe3ylibTaTaM B 60pbOe C caMbIMU
pacrpocTpaHeHHBIMH 3a00JI€BaHUSMHU, HO U K MOSIBJICHHUIO 1O~
60uYHBIX peakuuii Ha nekapcTBeHHbIe cpencta (JIC), BO3HUK-

HOBCHUE JICKAPCTBCHHBIX O0sie3Hel, ateprun Ha JIC,
AQHTH- OMOTHKOYCTONYMBBIX ITAMMOB MHKPOOPTaHH3MOB. B
TAKOW CUTYaIlMH MONCK O€30MaCHBIX TePaNeBTHIECKUX
METO/IOM SIBJISI- FOTCS )KU3HEHHONW HEOOXOANMOCTBIO IS JIHIL,
CTpa/IaloINX JIe- KAPCTBEHHOH HEIIEPEeHOCUMOCThIO. B cBsI3H
¢ ueM HaOII01aeTCsl POCT HHTEepeca K HeTPaAUIIHOHHBIM
METO/IaM JICUSHHUS, B 4acT-

HOCTH K TOMEOTIaTHH, KOTOPast ABISETCS OJHUM U3
MEePCIEKTUB- HbIX HAIIPaBJICHUH pa3BUTUSA MeAULIMHBI XX B.
[2,4,7,8].

Ha ceronnsunuii 1eHb rOMEONaTUS SBIAETCS
CaMOCTOSITeNIb- HBIM, OPUTHMHAIIBHBIM B3IJIIOM Ha 30POBbE U
00J1e3Hb, UMEET

CBOIO METOJIOJIOTHIO M TEXHOJIOTHIO KOPPEKIINHU 3/10POBbS,
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TIOATBEPKACHO TEPANeBTUUECKUMH METOAAMH, MHOTOJIETHUMH
KIMHIYECKUMH HAOMIOAEHUAMH ¥ TOKCHKOJIOTHIECKOH MPaKTH-
KOM. AKTyaJIbHBIM SIBJISIETCS MHJIMBUAYaJIbHBIM NOAXOM K Jieue-
HUIO 3200JI€BaHMS C YIE€TOM Xapakrepa Oones3nu [5,6,9].

CornacHo nH(popManuu BeceMupHOI opraHu3ayy 31paBoox-
panenus, B ABctpanuu, EBpone nu CeBepHoil AMepuke mapain-
JIEJIBHO € QJIJIONATMYECKON MEIUIMHON BCE HIMPE MCIOIb3YIOT
JOTIOTHUTENbHYI0 U alIbTCPHATUBHYIO MEAWIMHY, OTHOH MH3
KOTOPBIX SBJIAETCS roMeonarus. [ omeonarinyeckne 1eKapCcTBEH-
uele cpencrsa (['oJIC) ucnonesyrores B Uunun (50% Bpaueii),
40% - B Benmukobpuranuu, 32% - Bo ®panmmn, 25% - B I'ep-
manud, 22% - B Asctpuu [1,3,8]. 1o mannubIM 3apyOesxHO nu-
teparypsl, [0JIC cocraBnstor 6onee 20% B penentype amnTek.
Takum 06pazom, ['0JIC cTaHOBSATCS SKOHOMHYECKOM KaTeropuei
anTeyHoro accoptuMenTa [1-3].
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