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The pace of life in the XXI century often leads to mental and physical fatigue, which can be neutralized by drugs, namely actoprotectors.

Aim. To find compounds able to increase physical endurance among 6-N-R-tetrazolo[ 1,5-c]quinazolin-5(6H)-ones, which are promising in
this regard.

Methods and results. Actoprotective activity was tested on Wistar white rats by swimming test with the extra weight. It was found, that
compounds, intragastrically administrated in 50 mg/kg, increased the duration of swimming in conditions of normothermia and hypothermia.

Conclusion. Rats’ swimming duration compared with control has increased for compounds 1, 4 and 7 to 55.50%, 42.36% and 22.92% against
22.20% of «Mildronate». The leading compound was revealed, namely, 6-methyltetrazolo[1,5-c]quinazolin-5(6/)-one, which exceeded the
activity of reference drug in the normothermia and hypothermia. And it has been established, that sulfur in the 5th position of tetrazolo[1,5-c]
quinazoline is a key element in exhibiting the actoprotective activity.

JociigKeHHs AKTONPOTEKTOPHOI aKTUBHOCTI B psify 6-/V-R-Terpa3zosno[1,5-c]xinazonin-5(6 H)-onis
O. M. Aumunenxo, C. I. Kosanenxo, C. /]. Tpoiceyuncokuii

Temn xuttst noanHn XXI CTOMITTS 4aCTO NPU3BOIUTH A0 PO3YMOBOTO Ta (DI3MYHOIO CTOMIICHHS, KOTPE MOXKJIMBO YCIIIIHO HiBEJIIOBATH 3a
JIOTIOMOT OO JIIKAPCHKUX 3aC00iB, @ CaMe aKTONPOTEKTOPIB. 3 METOIO MOLIYKY PEYOBHH 3 aKTOIPOTEPHOIO aKTUBHICTIO IIPOTECTYBAJIN IIEPCIICK-
THBHI B I[boMY Hamnpsimi 6-N-R-tetpazono| 1,5-c]xinazomnin-5(6H)-onu Ha Onx 1rypax JiHii Bictap 3a TecToM 1m1aBaibHOT TPOOH 3 10AATKOBHM
HaBaHTKEHHAM. BcTaHOBWMITH, IO CHIOYKH, KOTPi TOCTIKYBaH, IPU BHYTPIIIHBOILTYHKOBOMY BBEJCHHI B 1031 50 MI/KT 301IBIIYIOTH TPHU-
BaJIICTh IUIaBAHHS B yMOBaX HOPMOTepMil Ta rinorepmii. TpuBaticTh MIaBaHHs HIypiB y MOPIBHSHHI 3 KOHTpOJIEM 3pocia i cronyk 1, 4 ta 7
Ha 55,50%, 42,36% Tta 22,92% npotu 22,20% mis Mingponary. Busiiena cronyka-nizep, a came 6-metuminrerpasonol 1,5-c]xinazonin-5(6H)-
OH, KOTpa 32 aKTHUBHICTIO TIEPEBUIIIMIIA TIPETIapaT MOPiBHAHHS SK B YMOBaX HOPMOTEpMIii, Tak i rimorepmii. BcranoBmm, 1o cipka B 11’ siToMmy
MOJIOXkKEeHHI TeTpas3onol 1,5-c]xiHa30iiHy € KIFOY0BHM €IEMEHTOM Y IIPOsIBI aKTOMPOTEKTOPHOT AKTUBHOCTI.

Kniouogi cnosa: 6-N-R-mempasonof1,5-c]xinazonin-5(6H)-onu, akmonpomekmopna akmugHicms, HOpMomepmis, 2inomepmis.
3anopizekuii meouunuii ycypnan. — 2016. — Nel (94). — C. 81-84

HccenoBanue akTonpoTeKTOPHOI aKTUBHOCTH B psiay 6-N-R-terpa3soio[1,5-c]xunazonun-5(6H)-onos
A. H. Aumunenxo, C. . Kosanenxo, C. /]. Tpoceyunckuii

Tewmm xu3un yenoseka XXI croneTns HepeaKO MPUBOANUT K YMCTBEHHOMY M (pU3HUECKOMY YTOMIICHHIO, KOTOPOE BO3MOYKHO YCIIEIIHO HUBE-
JIUPOBATh C IIOMOUIBIO JICKAPCTBEHHBIX CPEACTB, & UMEHHO aKTOIPOTEKTOPOB. C 11e/bI0 TOUCKA BEIECTB ¢ AKTONPOTEKTOPHON aKTUBHOCTBIO
OBLIHM IPOTECTHPOBAHBI IIEPCIIEKTUBHEIE B 3TOM HarpasieHnu 6-N-R-terpazono[1,5-c]xunazonun-5(6H)-oHb! Ha OeNIbIX KpbIcaxX IMHUU Buctap
MOCPE/ICTBOM TeCTa IJIaBaTebHON MPOOBI C AOMOTHUTENBFHON HArpy3Kkoi. BbuTo ycTaHOBIEHO, UTO HCClIeLyeMble COeANHEHNS IPH BHYTPH-
JKEITyZIOYHOM BBEJICHUH B 103¢ 50 MI/KI' yBEINUUBAIOT IPOIODKUTEIBHOCTD IIABaHKSI B YCIOBUSIX HOPMOTEPMUH ¥ runiotepmun. [Ipomomku-
TEJIBHOCTH IIJIABAHUS KPBIC 10 CPABHEHUIO C KOHTPOJIEM Bo3pociia i coenuHenuii 1, 4 u 7 va 55,50%, 42,36% u 22,92% npotus 22,20% st
Munaponara. O6Hapy»)eHO COeANHEHNE-THEP, a UMEHHO 6-MeTmiteTpas3ono| 1,5-c|xunazonu-5(6H)-0H, KOTOPOE MO aKTHBHOCTH TIPEBBICHIIO
rpenapar CpaBHEHUs Kak B YCJIIOBUAX HOPMOTEPMUH, TaK U TUIIOTEPMUH. YCTaHOBIICHO, YTO cepa B IIATOM IOJIOKEHUH TeTpa3oino| 1,5-c]xuna-
30JIMHA SABJICTCS KIFOYEBBIM JIEMEHTOM JAJIS IPOSIBICHUS AKTOIIPOTEKTOPHOM aKTUBHOCTH.

Knrwuegwie cnosa: 6-N-R-mempasonofl,5-c[xunaszonun-5(6H)-onvl, akmonpomexmopHas akmueHOCmMs, HOPMOMEPMIUL, 2UNOTNEPMUSL.
3anoposcckuit meouyunckuil ycypran. — 2016. — Nel (94). — C. 81-84

Introduction. Professional activity of modern man is
often carried out in conditions of prolonged influence of
adverse physical and chemical factors, constant emotional and
physical stress. The high pace of life typical for modern man,
always leads to decrease, and often to exhaustion of physical
and mental strength. Chronic fatigue syndrome has become
typical for people, especially for those, who live in big city. It
is characterized by decrease in systemic defense mechanisms of
adaptation, immunity and ability to work. This determines the
need for pharmacological treatment for homeostasis maintaining
of the body in extreme conditions, which stimulates locomotor
activity, capacity for work and reduces fatigue. Medicines with
such action are called actoprotectors and antihypoxants [1].
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The range of these drugs is unfortunately very limited nowa-
days (especially synthetic compounds) and existing drugs have
drawbacks and side effects.

In cooperation with the Vinnytsia National M. 1. Pirogov
Memorial Medical University, previously synthesized 5-R-
thio-tetrazolo[ 1,5-c]quinazolines have been already tested
for actoprotective activity. Results of the study by swimming
test with an extra weight and retention on the rotating rod in
some cases exceeded reference drug «Bemithylum» [2,3]. Re-
garding the tetrazol ring, it should be noted, that a number of
tetrazol containing compounds, namely 1-(1,2,3,4-tetrazol-2-yl-
diazenyl)-4-substituted benzylideneaminobenzenes, complex
copper pentaaminotetrazoles, 2-{[2-(1H-tetrazole-5-yl)ethyl]
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sulfanyl}-1,3-benzimidazoles, steroidal tetrazoles and 5-phenyl-
1-(5-phenyl)-isoxazol-3-yl)-1H-tetrazoles also have demon-
strated antioxidant activity [4—9]. It is very important, because
processes of lipid peroxidation are of a great value for energy
processes, cell division and the synthesis of actoprotectors.

So, in terms of insignificant number of used actoprotectors,
and at the same time very high demands for such medicines,
the search for new actoprotectors is an urgent task.

Thus, the aim of this study, was to find new actoprotectors
among the synthesized 6-N-R-tetrazolo[1,5-c]quinazolin-5(6H)-
ones, to establish correlation between their chemical structure
and pharmacological activity.

Materials and methods

6-N-R-Tetrazolo[1,5-c]quinazolin-5(6H)-ones were synthe-
sized at the Department of Organic and Bioorganic Chemistry,
Zaporizhzhia State Medical University (the Head of the Depart-
ment, Prof., Dr. Kovalenko S. I.). The basic structure of these
compounds is shown in Figure 1.
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Fig. 1. The structures of tested 6-N-R-tetrazolo[1,5-c]quinazolin-
5(6H)-ones.

78 Wistar white rats, weighing 160-200.0 g, of 3.5 months
age were used for the assessment of actoprotective activity of
the synthesized compounds that were obtained from the nursery
«BioModelServis» (Kyiv). The duration of quarantine of ani-
mals was 14 days. During this period the animals were observed
twice a day. Cages of animals were placed in separate rooms,
with the natural change of day and night. The temperature
was maintained in the range of 19-25°C, relative humidity —
50-70%. The temperature and humidity were registered daily.
Ventilation mode — 15 volumes of room air per hour. Animals
were kept in standard cages (400x320x160 mm) in groups of 6.
Diet — feed grains, bread, root vegetables (beets, carrots) [10,11].
Manipulation has been conducted according to the requirements
of the use of animals in biomedical experiments [12,13].

Selected after the quarantine and preindividually marked
animals by waterproof dye (Carbol fuchsin) were divided into
the groups of 6 male rats in the absence of external signs of
diseases and homogeneity groups by weight (+15%). Before the
experiment each laboratory animal was weighted. Also, prior
to the experiment, rats that have drowned or hung on the water
surface were excluded from further manipulation.

The procedure of the experiment includes the following stag-
es: first swimming until exhaustion; set of experimental groups
according to the time of the first swimming by pairwise selec-
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tion; second swimming until exhaustion, 5 min after the first;
intragastric administration of the test compounds at a dose of
50 mg/kg; third swimming, 1 h after compound administration.

Swimming test was performed with the extra weight, which
was attached at the base of the tail (10% of the rat body weight)
in beforehand boiled water (to remove air bubbles). Tempera-
ture of 24-26°C (normothermia) and 10-12°C (hypothermia)
was chosen for the experiment [14—16]. Swimming time was
recorded until the signs of complete exhaustion that was revealed
by rejection of further swimming, sinking to the bottom and
unable to swim out for more than 10 sec. Rats were swimming
separately in square size vessel, made of transparent glass (size
180x60x60 cm, at a height of 40 cm). The given methodology
allowed to evaluate the physical performance of laboratory rats
with mixed physical activity, which is implemented by aerobic-
anaerobic system.

Intragastric administration of substances was performed via
noninvasive probe in the form of an aqueous suspension with
the addition of Tween-80, in a dose of 50 mg/kg, (Dose taken
empirically). For control group equivalent volume of distilled
water with Tween-80 was administered for animals. As refer-
ence drug, it is preferable to use «Bemithylum», however, this
drug is not registered in Ukraine, that’s why we have choose
«Mildronate», as it was previously done in works of Korn-
ienko [17,18]. The effectiveness of substances was compared
with control group and reference drug «Mildronate» in similar
experimental conditions. Dosage of «Mildronate» was taken
the same (50 mg/kg), to have the results easier for comparison.
The dynamics relative to control (DRC) was calculated by the
following equation:

Ave. swimming time (compd.) — Ave. swimming time (control)

DRC = Ave. swimming time (control) <100

Statistical data processing was performed using a standard
statistical package program, Version «MicrosoftOfficeExcel
2003», «STATISTICA® forWindows 6.0» (StatSoft Inc., Ne
AXXR712D833214FANS). Arithmetic mean (M) and standard
error of the mean (+m) were calculated for each of the studied
parameters. Data processing was performed by the method of
variation statistics with definition Student’s #-test, null hypoth-
esis were declined if statistical criterion is p<0.05.

Results and discussion

Considering the previously discovered actoprotective activity
of 5-subtituted R-thio-tetrazolo[1,5-c]quinazolines [2,3], it was
decided to study a series of 6-substituted N-tetrazolo[ 1,5-c]quin-
azolin-5(6H)-ones, to explore the critical effect of substituents
at the 5™ or 6" position, and replacement of sulfur by oxygen.
Thereby, to expand the library of tetrazolo[1,5-c]quinazolines
with studied actoprotective activity.

It was established, that the intragastric administration of 6-N-
R-tetrazolo[1,5-c]quinazolin-5(6H)-ones (50 mg/kg) deriva-
tives as well as «Mildronate» (50 mg/kg) was accompanied by
physical endurance of animals in the stated conditions of the
experiment, which evaluated their actoprotective activity. Thus,
the duration of swimming increased for compounds 1, 4 and 7
compared with control to 55.50%, 42.36% and 22.92% against
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22.20% for «Mildronatey, respectively (7uble 1). However,
compounds 5, 6, 2 and 3 revealed a slight decrease in duration
of swimming, namely - 16.67%, -9.03%, -3.47% and -0.69%. It
should be noted, that change of DRC of previously investigated
5-R-thio-tetrazolo[ 1,5-c]quinazolines was significantly higher.

Table 1
Effect of 6-/N-R-tetrazolo[1,5-c]quinazolin-5(6H)-ones
and «Mildronate» at the duration of rat swimming
in conditions of normothermia, t — 24-26°C, (M£m, n=6)

Table 2
Effect of 6-/V-R-tetrazolo|[1,5-c]quinazolin-5(6H)-ones
and «Mildronate» at the duration of rat swimming
in conditions of hypothermia, t — 10-12°C, (M+m, n=6)

Compound, Average Dynamics relative
50 mg/kg swimming time, sec to control, %
Control 8414 -
«Mildronate» 9045 +7.14
1 10132 +20.24
4 87+4 +3.57

Compound, Average Dynamics relative
50 mg/kg swimming time, sec to control, %
Control 14447 -

«Mildronate» 176192 +22.20

1 2244207 +55.50

2 139+4° -3.47

3 143+4° -0.69

4 205+142 +42.36

5 120492 -16.67

6 131450 -9.03

7 17772 +22.92

Note: *—p=<0.05 in comparison to control; * — p<0.05 in comparison
to «Mildronate».

The most active compounds, namely, 1 and 4 were tested
further in terms of hypothermia. Also like in terms of
normothermia, DRC encreased, at 20.24% for compound 1
and at 3.57% for compound 4, against 7.14% for «Mildronate»
(Table 2).

Therefore, it could be stated, that sulfur in the 5" position is a
key element in exhibiting the actoprotective activity (taking into
account known actoprotector, which had sulfur in its structure,
«Bemithylum»). However, activity of 6-N-R-tetrazolo[1,5-

Note: *— p<0.05 in comparison to control.

c]quinazolin-5(6H)-ones hasn’t disappeared too. The latter
proved, that tetrazolo[1,5-c]quinazoline core itself had such
properties. In that case, the introduction of the simplest methyl
radical at the 6 position, led to increase of actoprotective activity
of the investigated series.

Previously conducted studies have shown that quinazoline
derivatives possess ergotropic action [19-21], which could be
realized by increase of ATP production, at the expense of reac-
tions normalization in the Krebs cycle. Thus, it can be assumed,
that this ergotropic mechanism is a key in implementing of
actoprotective activity.

Conclusions

1. Experimental studies on Wistar white rats revealed the
actoprotective activity of 6-N-R-tetrazolo[1,5-c]quinazolin-
5(6H)-ones series. Rats swimming duration in conditions of
normothermia and hypothermia had significantly increased.
DRC increased for compound 1, 4 and 7 to 55.50%, 42.36%
and 22.92%, against 22.20% for «Mildronate».

2. Modifications to improve activity of tetrazolo[1,5-c]
quinazolin-5(6H)-ones will be conducted in the future.
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