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Severe fatigue can occur due to overwork, lack of exercise, depression, insomnia, etc. It should be understood that fatigue,
weakness, both emotional and physical, is not a disease. Often, actoprotective substances are used to reduce fatigue. To search
for new substances with a different spectrum of pharmacological activity, 1,2,4-triazole derivatives have proven themselves
well.

The aim of work was to investigate actoprotective activity among previously synthesized 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-
triazole-3-yl)thio)acetates.

Materials and methods. The compounds used to study pharmacological activity were synthesized at the Department of Natural Sciences
for International Students and Toxicological Chemistry ZSMU. White nonlinear rats weighing 200-260 g of 7 animals per group were
used to study the actoprotective activity of 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazole-3-yl)thio)acetates. As a method for the
study of pharmacological activity was used the method of forced swimming with a load of 10 % by weight of the rat. Statistical results
were calculated using Kolmogorov—Smirnov test and Shapiro-Wilk test.

Results. Compounds Ia, Ib, Ilb, Ilk, 1lj had been found to have a moderate actoprotective effect. But none compound had exceeded
the comparison drug. Some conclusions were drawn regarding the dependence of “structure — actoprotective effect”: the most active
compound was 2-aminoethanol 2-((5-(2-bromophenyl)-4-ethyl-4H-1,2,4-triazole-3-yl)thio)acetate (I1j); conversion to 2-((5-(2-bromophenyl)-
4-substituted-4H-1,2,4-triazole-3-yl)thio)acetate salts and selection as sodium, potassium, or 2-aminoethanol cations was resulted in to
increase the actoprotective effect.

Conclusions. As a result, the actoprotective activity of 18 new 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazole-3-yl)thio)acetates
was investigated. Some conclusions were drawn regarding the dependence of “structure — actoprotective effect”.

[ocnimxeHHs aKTONPOTEKTOPHOI aKTMBHOCTI 2-((5-(2-0pomcbenin)-4-3amiwennx-4H-1,2,4-tpiazon-3-in)tio)aueraris
A. A. CacboHos, A. B. HeBmuBaka

CvinbHa BTOMa MOXe BUHUKHYTU Yepe3 NOCTiliHY NepeBTOMY, HeAOCTaTHIO (i3NyHY aKTUBHICTb, Aenpecito, 6e3coHHs Towo. Cnig posymity,
LLl0 BTOMA, crnabkicTb (i eMoLiiiHa, | disnyHa) — e He xBopoba. YacTo Anst 3MEeHLUEHHS1 CTOMITOBAHOCTi BUKOPUCTOBYHOTb aKTUBO3aXMCHI
peYvoBVHK. NS NOLYKY HOBMX PEYOBWH i3 Pi3HUM CNEKTPOM hapMaKororivHOT akTUBHOCTI 3apekoMeHyBanu cebe noxigHi 1,2,4-Tpiasony.

MeTa po60oTK — BOCNIAXEHHS aKTONPOTEKTOPHOI aKTUBHOCTI Cepef CMHTE30BaHMX paHille 2-((5-(2-6pomdeHin)-4-3amieHux-4H-1,2,4-
Tpiason-3-in)Tio)avetaris.

Marepianu Ta metoaun. Cnonyku, WO BUKOPUCTaNM ANs BUBYEHHA hapMakonorivyHOT aKTUBHOCTI, CUHTE30BaHi Ha kadpenpi NPUpOAHNYNX
AUCUMNAiH Ans iIHO3EMHUX CTYAEHTIB Ta TOKCUKOIMONYHOI XiMii 3anopi3bkoro AepxaBHOMO MeAWYHOro yHiBepcuTeTy. [Ans JoCnimKeHHs
aAKTOMPOTEKTOPHOI aKTUBHOCTI 2-((5-(2-6pomMdpeHin)-4-3amiweHnx-4H-1,2,4-Tpiason-3-in)Tio)aueTaris BUKOPUCTOBYBany Binvx HEMiHINHMX
wwypis Baroto 200-260 r, 7 TBapwH Ha rpyny. [ina AocnimkeHHs dhapMakonoriyHoi akTUBHOCTI BUKOPUCTaNM METOA NPUMYCOBOTO NiaBaHHS
3 HaBaHTaxeHHsaM 10 % Big macy Wwypa. CTaTUCTUYHI pesynbTaTii po3paxoByBanu 3a gonomMorot Tecty KonmoropoBa—CMupHoBa Ta
Tecty LWanipo-Yinka.

Pesynkratu. Bussunu, wo cnonyku la, Ib, 1lb, lIk, llj MatoTb NOMipHWIA aKTONPOTEKTOPHWI edeKT, ane XOoAHa Croryka He nepesepLuye
npenapar nopiBHAHHS. 3pobunu Kinbka BUCHOBKIB LLIOAO 3aneXHOCTi «CTPYKTypa — aKTOMPOTEKTOPHA Aif»: HaWaKTUBHILLA Cronyka —
2-eTaHonamoHin 2-((5-(2-6pomdenin)-4-etun-4H-1,2,4-tpiason-3-in)tio)auertar (Ij); nepexig y 2-((5-(2-6pomdenin)-4-3amiwieHi-4H-1,2,4-
Tpia3on-3-in)Tio)awueTaTHi coni Ta BUGIp KaTioHy — HaTpii, kanii abo 2-eTaHOMaMOHiN — NPU3BOAWTL 10 NOCUIIEHHS AaKTOMPOTEKTOPHOO
edekTy.
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BucHogku. B pesynsrati poboTv fOCHiannM akTonpoTEKTOPHY akTUBHICTb 18 HOBUMX 2-((5-(2-6pomMdeHin)-4-3amiieHunx-4H-1,2,4-Tpiason-
3-in)Tio)aueTariB. 3po6ynn BUCHOBKM LLOAO 3aMNeXHOCTI «CTPYKTYpa — aKTOMPOTEKTOPHUIA eheKT».

Kntovogi cnosa: 1,2,4-Tpia3on, akTONPOTEKTOPHA aKTUBHICTb, KUCMOTK, COMi, FeTePOLMKMIYHI CNOMYKW.
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WUccnepnoBaHue akTonpoTeKTOPHOW akTMBHOCTH 2-((5-(2-0pomdpeHmnn)-4-3amelleHHbix-4H-1,2,4-Tpnason-3-un)tuo)aueratos
A. A. CacboHos, A. B. HeBmbIBaka

CunbHas ycTanocTb MOXET BO3HUKHYTb M3-3a NEPeyTOMIeHNs], HegocTaTka (PrU3nYECKmX YNpaxHEHUI, Aenpeccun, 6eCCOHHULBI U T. .
Cnepnyet noHMMaTb, YTO YCTaNoCTb, CnabocTb (M aMoLMOHanbHas, 1 duanyeckas) He ABNATCA 60ne3Hb. YacTo akTONPOTEKTOPHbIE
BeLLEeCTBa 1CMOMb3YHOT NS yMeHbLUEHMS ycTanocTu. [MpounssoaHble 1,2,4-Tpuasona 3apekoMeHoBasnm cebs s noucka HoBbIX BELLECTB
C LUIMPOKMM CMIEKTPOM hapMakonornyeckon akTYBHOCTY.

Llenb paboTbl — UccrnefoBaHWe akTOMPOTEKTOPHOWM aKTUBHOCTW CPEAW paHee CUMHTE3UPOBaHHbIX 2-((5-(2-6pomderun)-4-3ameLLeH-
Hbix-4H-1,2,4-Tpnason-3-1n)Tro)aLleTaTos.

Matepuansi u metoabl. CoegyHEHMUS, UCMONb30BaHHbIE NS U3y4YeHUs hapMakonornieckon akTUBHOCTU, CUHTE3MPOBaHbI Ha kadeape
€CTECTBEHHBIX ANCLMNIWH ANS UHOCTPaHHbIX CTYAEHTOB M TOKCHKOINOMYECKOM XMMUM 3an0opoXCKOro rocyapCTBEHHOTO MEAULIMHCKOMO
yHuBepcuTeTa. [ins n3yyeHns akTonpoTeKTOPHON akTUBHOCTU 2-((5-(2-6pomdpennn)-4-3ameLeHHbix-4H-1,2,4-Tpuason-3-1n)Tmo)aveTaTos
1cnonb3oBanm H6enbix HennHeHbIX Kpbic Becom 200—-260 1, 7 XMBOTHbIX Ha rpynny. [ins uccnefoBaHus hapmMakonormyeckoin akTMBHO-
CTM UCMONb30BanM MeToz NpUHYANTENBHOTO NnaBaHus ¢ Harpy3kon 10 % oT Beca kpbickl. CTaTUCTUYECKWNE pe3ynbTaThl pacCcunTaHbl C
ncnonb3oBaHuem Tecta Konmoroposa—CmupHoBa 1 TecTa Lanmpo-Yunka.

PesynkraTthl. YCTaHOBNEHO, YTO coeaunHeHus la, Ib, lIb, 11k, Ilj uMetoT ymepeHHbIN akToNpOTEKTOPHbIN 3QEKT, HO HI OAHO COeanHEHNEe
He MpeBbllIaeT npenapaT cpaBHeHUs. CaenaHo HEeCcKONbKO BHIBOAOB O 3aBUCUMOCTU «CTPYKTypa — akTOMPOTEKTOPHOE AENCTBUEY:
camoe aKTUBHOE COEOMHEHWEe — 2-3TaHonaMMoHui 2-((5-(2-6pomdenun)-4-atun-4H-1,2,4-tpuason-3-un)tmo)avetar (llj); nepexon B
2-((5-(2-6pomdpeHnn)-4-3amelLeHHble-4H-1,2,4-Tpnason-3-1n)Tmo)aLueTaTHble CONM 1 BbIGOP KaTMOHa (HaTPUIA, Kanwuii unu 2-aTaHonam-
MOHWI1) NPUBOANT K YCUIEHUIO aKTONPOTEKTOPHOTO adhdpekTa.

BuiBogbl. B pesynbrate paboThl MccneoBaHa akTOMPOTEKTOpPHAs akTMBHOCTb 18 HoBbIX 2-((5-(2-OpomodeHnn)-4-3amelleH-

Hbix-4H-1,2,4-Tpnason-3-un)tvo)aueTtatoB. Caenaxbl BbIBOAbI O 3aBUCUMOCTY «CTPYKTYpPa — aKTOMPOTEKTOPHbIN 3hdeEKT».

KntoueBble cnoBa: 1,2,4-prason, aKTOMPOTEKTOPHAA akKTUBHOCTb, KACIOThI, CONK, reTepolMKnmuyeckme coeguHeHund.

AKTyanbHble Bonpocbl papmaLeBTU4eCKOM U MeaULIMHCKON Hayku 1 npakTuku. 2020. T. 13, Ne 2(33). C. 260-264

There are many factors that “depress” our body: bad habits,
constant stress, lack of sleep, hormonal failure, and even
anemia.lt should be understood that fatigue, weakness, both
emotional and physical, is not a disease. Severe fatigue can
occur due to overwork, lack of exercise, depression, insomnia,
etc. Often, actoprotective substances are used to reduce fa-
tigue. To search for new substances with a different spectrum
of pharmacological activity, 1,2,4-triazole derivatives have
proven themselves well [1-4]. New 2-((5-(2-bromophenyl)-
4-substituted-4H-1,2 4-triazole-3-yl)thio)acetates was studied
not sufficiently [5—-12].

Aim
That’s why the aim of this work was to investigate actopro-

tective activity among previously synthesized 2-((5-(2-bro-
mophenyl)-4-substituted-4H-1,2 4-triazole-3-yl)thio)acetates.

Materials and methods

The compounds used to study pharmacological activity were
synthesized at the Department of Natural Sciences for Inter-
national Students and Toxicological Chemistry, ZSMU [13].

White nonlinear rats weighing 200-260 g of 7 animals
per group were used to study the actoprotective activity of
2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazole-3-yl)
thio)acetates.

As a method for the study of pharmacological activity was
used the method of forced swimming [14] with a load of 10 %
by weight of the rat.

Loads were fixed at the base of the tail of the animals.
After immersing the animals underwater for 10 seconds,
the laboratory rats’ swimming time was measured until de-
pletion in seconds. The rats were immersed individually in
a large container with a water layer in excess of 60 cm. The
water temperature was maintained at 24-27 °C. The tested
compounds, as well as the standard of comparison — Ribo-
xin® (manufactured by Kyiv Vitamin Plant) were injected
intraperitoneally 20 minutes before the start of immersion
of animals at a dose of 100 mg/kg. For comparison, we also
used a control group of animals with intraperitoneal injection
of saline 20 minutes before immersion.

Gravimetric measurements were performed on laboratory
electronic analytical scales model ESJ-200-4(US).

Statistical results were calculated using Kolmogorov—
Smirnov test and Shapiro—Wilk test.

Results

As a result, the actoprotective activity of 18 new compounds
was investigated. Compounds Ia, Ib, IIb, I1k, IIj had been found
to have an actoprotective effect. But none compound exceeded
the comparison drug. Some conclusions have been made re-
garding the dependence “structure — actoprotective activity”.
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Discussion

It should be noted that the most active compound was
2-((5-(2-bromophenyl)-4-methyl-4H-1,2 4-triazole-3-yl)thio)
acetate acid among 2-((5-(2-bromophenyl)-4-substituted-4H-
1,2,4-triazole-3-yl)thio)acetate acids (7able 1).

It increase actoprotective activity to 8.27 % compared to
control (7able 2).

The replacement of the methyl radical with ethyl or phenyl
by the fourth position of the 1,2,4-triazole in the 2-((5-(2-bro-
mophenyl)-4-R-4H-1,2,4-triazole-3-yl)thio)acetate acid
molecule resulted in the disappearance and reduction of the
actoprotective effect (Fig. 1).

Considering the actoprotective activity of 2-((5-(2-bro-
mophenyl)-4-substituted-4H-1,2,4-triazole-3-yl)thio)acetate
salts, the compounds IIb, Ik, IIj exhibited actoprotective
effect 20.45 %, 13.48 %, 22.88 %, respectively. The most ac-
tive compound was 2-aminoethanol 2-((5-(2-bromophenyl)-
4-ethyl-4H-1,2,4-triazole-3-yl)thio)acetate (11j) (7Table 3).

The introduction of the phenyl radical in the fourth position
of'the 1,2 4-triazole of 2-((5-(2-bromophenyl)-4-substituted-
4H-1,2 4-triazole-3-yl)thio)acetate salts led to a decrease in
the actoprotective effect.

The most active salt among 2-((5-(2-bromophenyl)-4-
phenyl-4H-1,2,4-triazole-3-yl)thio)acetates was potassium
salt. The change cation led to a decrease in actoprotective
activity (Table 4).

Table 1. “Structure — activity” dependence between 2-((5-(2-bromophenyl)-
4-substituted-4H-1,2,4-triazole-3-yl)thio)acetate acids
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Fig. 1. The actoprotective activity of 2-((5-(2-bromophenyl)-4-
substituted-4H-1,2,4-triazole-3-yl)thio)acetate acids.

Table 2. The actoprotective activity of 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazole-3-yl)thio)acetate acids

-mmm @ty %to mase ol | lo Mool [ Kot stapro|

Control 24543 33.69 (226.0:251.0)  |245.43 +2.81 P<0.001 |P>0.05
Riboxine 315.28 66.70 292 (278.5:359.5) 31529+556 |28.46 18.7 P<0.001 |P>0.05
la 265.71 109.70 |254  [(204.0:360.5) [265.71+9.14 [8.27 3.25 P<0.001 |P>0.05
Ib 238 8044 | 231 (187.5:283.5)  [238.0+6.7 -3.03 6.1 P<0.001 [P>0.05
Ic 230.85 7410 |221 (182.5:273.5) [230.86+6.18 |[-5.94 -10.16 P<0.001 |P>0.05
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Fig. 2. Actoprotective activity of 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazole-3-yl)thio)acetate salts.
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Table 3. “Structure — activity” dependence between 2-((5-(2-bromophenyl)-
4-substituted-4H-1,2,4-triazole-3-yl)thio)acetate salts

N——N o
/ >\s—gz—c/ X
T N
Br R

N CO O CUR
lla CH K

Ib CH, Na M
llc CH, (CH,),NH !
Ild CH, morpholine !
lle CH, 2-aminoethanol | 1
IIf C,H, K 1
llg C,H, Na PN
IIh C,H, (CH,),NH !
Ili C,H, morpholine ©
llj C,H, 2-aminoethanol | 11
Ik CcH; K 1
I C.H; Na -
lIm C.H, (CH,),NH !
lIn CH, morpholine 1
llo CH, 2-aminoethanol | &

Among 2-((5-(2-bromophenyl)-4-methyl-4H-1,2,4-tri-
azole-3-yl)thio)acetates, the most active was compound IIb,
which contained sodium cation.

The substitution of sodium cation with potassium cation or
2-aminoethanol resulted in a nearly 2-fold reduction in the
actoprotective effect.

The introduction of a cation of morpholine or dimethyl-
ammonium into 2-((5-(2-bromophenyl)-4-methyl-4H-
1,2,4-triazole-3-yl)thio)acetates molecule resulted in an
anti-actoprotective effect (Fig. 2).

As aresult of the research, the conversion to 2-((5-(2-bro-
mophenyl)-4-substituted-4H-1,2,4-triazole-3-yl)thio)acetate
salts and the selection as cations of sodium, potassium or
2-aminoethanol led to an increase in the actoprotective effect.

Conclusions

As aresult, the actoprotective activity of 18 new 2-((5-(2-bro-
mophenyl)-4-substituted-4H-1,2,4-triazole-3-yl)thio)acetates
was investigated.

Compounds Ia, Ib, IIb, IIk, IIj had been found to have a
moderate actoprotective effect. But none compound exceeded
the comparison drug.

Some conclusions were drawn regarding the dependence
of “structure — actoprotective effect™:

Table 4. The actoprotective activity of 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazole-3-yl)thio)acetate salts

M N N N - TN e el o

Control 24543 33.69 (226.0:251.0) | 245.43 £2.81 P <0.001 [P>0.05
Riboxine 315.28 66.70 292 (278.5:359.5) | 315.29+5.56 |[28.46 18.7 P <0.001 [P>0.05
llc 174.85 104.42 150 (123.0:168.0) | 174.86+8.7 -28.75 -39.02 P <0.001 [P<0.01
Ild 216.14 105.51 174 (131.5:314.0) |216.14+8.79 |[-11.93 -29.27 P <0.001 [P>0.05
lle 263 136.91 251 (153.5:393.5) |263.0+11.41 |[7.16 2.03 P <0.001 [P>0.05
Control 241.71 40.58 240 (218.5:264.0) [241.71+3.38 |0 0 P <0.001 [P>0.05
Riboxine 304 60.76 337 (240.0:353.0) | 304.05.06 25.77 40.42 P<0.001 [P<0.05
Ilh 196.71 91.31 209 (114.5:271.5) 196.71+£7.61 |-18.62 -12.92 P<0.001 [P>0.05
Ii 262.71 89.47 319 (183.5:322.5) |262.71+7.46 |8.69 32.92 P <0.001 [P>0.05
Ik 274.28 78.83 295 (214.5:325.5) | 274.29+6.57 |[13.48 22.92 P <0.001 [P>0.05
I 240 81.65 208 (181.5:305.0) | 240.0+6.8 -0.71 -13.33 P <0.001 [P>0.05
Control 241 52.83 253 (228.0:266.5) |241.0+4.4 0 0 P <0.001 [P>0.05
Riboxine 310.42 41.69 317 (277.0:348.0) | 310.43+3.47 |28.81 253 P <0.001 [P>0.05
lla 270.85 113.67 310 (185.5:356.5) | 270.86+9.47 |[12.39 2253 P <0.001 [P>0.05
Ib 290.28 125.50 302 (216.5:398.5) | 290.29+10.46 |20.45 19.37 P <0.001 [P>0.05
IIf 266 76.04 303 (243.5:313.0) | 266.0+6.34 10.37 19.76 P <0.001 [P>0.05
g 222.71 89.54 202 (165.5:257.0) | 222.71+7.46 |-7.59 -20.16 P <0.001 [P>0.05
Ij 296.14 106.07 340 (228.0:367.0) |296.14+8.84 [22.88 34.39 P <0.001 [P>0.05
Control 250.14 33.78 252 (233.0:258.5) |250.14+2.82 |0 0 P <0.001 [P>0.05
Riboxine 318.42 60.19 312 (283.0:354.0) |318.43+5.02 [27.3 23.81 P <0.001 [P>0.05
llo 244.28 77.03 222 (179.0:309.5) | 24429+6.42 |-2.34 -11.9 P <0.001 [P>0.05
lIn 272.85 82.63 275 (245.0:322.5) |272.86+6.89 [9.08 9.13 P <0.001 [P>0.05
lIm 206.14 62.37 227 (173.5:241.5) | 206.14+5.2 -17.59 -9.92 P <0.001 [P>0.05
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— the most active compound was 2-aminoethanol
2-((5-(2-bromophenyl)-4-ethyl-4H-1,2,4-triazole-3-yl)thio)
acetate (IIj)

— conversion to 2-((5-(2-bromophenyl)-4-substituted-4H-
1,2,4-triazole-3-yl)thio)acetate salts and selection as sodium,
potassium, or 2-aminoethanol cations was resulted in to
increase the actoprotective effect.
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