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A study of actoprotective activity of new 3-(thiophen-2-ylmethyl)-
1H-1,2,4-triazole-5-thiol derivatives

A. A. Safonov*

Zaporizhzhia State Medical University, Ukraine

The issue of fatigue is quite topical for the modern humanity. In order to work harder and earn as much money as possible, a person
takes various stimulants, which have a number of side effects. This problem is especially serioous in Asian countries. To prevent such
complications, scientists are trying to invent actoprotectors that would have minimal side effects. 1,2,4-triazole derivatives have proven
themselves well as new substances with different spectrum of pharmacological activity.

The aim of this work is the investigation of actoprotective activity of new 3-(thiophen-2-ylmethyl)-1H-1,2,4-triazole-5-thiol derivatives.

Materials and methods. To study the actoprotective activity of new 3-(thiophen-2-yimethyl)-1H-1,2,4-triazole-5-thiol derivatives, a group
of 7 white nonlinear rats weighing 200-260 g was used. Pharmacological activity was studied with the method of forced swimming. The
study compounds, as well as the reference standard — Riboxin® (manufactured by Kyiv Vitamin Plant) was administered orally 20 minutes
prior to the immersion of animals at a dose of 100 mg/kg. For comparison, we also used a control group of animals that received saline
20 minutes prior to the 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 22 new compounds was investigated. Compounds la, lIb, Ilh have been found to
have an actoprotective effect. Compound la surpasses the comparison drug. The most active substance among the first synthesized
salts is the potassium 2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetate, which surpasses the comparison drug riboxin
by 6.32 %.

Conclusions. Some conclusions are drawn regarding “structure — actoprotective effect” dependence: replacement of potassium cation
by sodium cation leads to a decrease in biological activity; introduction of 4-chlorobenzylidene or 2,3-dimethoxybenzylidene substituent
into the molecule of 2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetohydrazide does not affect the actoprotective effect;
introduction of benzylidene substituent, 3-nitrobenzylidene, 4-dimethylaminobenzylidene, 2,4-dimethylbenzylidene into the molecule of
2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetohydrazide negatively affects the fatigue in rats.
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JocnimxeHHA aKTONPOTEKTOPHOI aKTMBHOCTI noxigHux 3-(tiodpeH-2-inmetun)-1H-1,2,4-Tpiason-5-tiony
A. A. CachoHoB

MnTaHHS BTOMYM rOCTPO NOCTano nepea NoacTeoM. Amke nogmHa, Wwob GinbLue npauoBaTh Ta rapHo 3apobnsTi, NOYMHAE BXMBATU PisHi
CTUMYNATOPY ANS NOAONAHHS BTOMU, @ BOHU MatoTb YumMano nobiyHux edekTis. Lis npobnema ocobnuso akTyansHa y kpaiHax Asii. Hay-
KOBLi, abu 3anobirT i, HamaraloTbCa BUHATM aKTONPOTEKTOPU, ki 6 Manu MiHiManbHy KinbkicTb nobivHkx Ain. Moxiaki 1,2,4-Tpiasony
3apekomeHzyBanu cebe SK HOBi PEYOBUHM 3 Pi3HUMI CNEKTPaMu hapMaKomnoriYHOT aKTUBHOCTI.

Meta po6oTu — fOCHiANTY aKTONPOTEKTOPHY aKTUBHICTb Cepeq HOBUX NoXiaHuX 3-(TiodeH-2-inmetun)-1H-1,2,4-Tpiason-5-Tiony.

Matepianu Ta metoau. [N BUBYEHHS aKTOMPOTEKTOPHOI aKTUBHOCTI HOBUX MOXiAHUX 3-(TiodeH-2-inmeTun)-1H-1,2,4-Tpiason-5-tiony
BUKOPUCTanu rpyny 3 7 6inux HeniHiiHux wypis Baroto 200—260 r. ®apmakonoriyHy akTUBHICTb BUBYaNV METOLOM NMPUMYCOBOTO MyiaBaHHS.

JocnigxyBaHi Cronyku, a TakoX eTanoHHWIA cTaHgapT — PUBOKCHH® (BUPoBHIMK — KUTBCHKMIA BiTaMiHHWIA 3aBO) YBOAUMM NepopasibHo B
£03i 100 mr/kr 3a 20 XBUNWH 10 3aHYPEHHS TBapWH Y BoAy. [ins NOPIBHAHHS BUKOPUCTANM KOHTPOIbHY rpymny TBapwH, siki OTpUMyBanm
CONbOBUN PO34MH 32 20 XBUIUH [0 3aHYPEHHS.

paBiMeTPUYHI BUMIpIOBaHHS! BUKOHaNK Ha NabopaTopHUX €NeKTPOHHMX aHaniTyHux Barax mopeni ESJ-200-4 (CLUA). CtatucTuyHi
pesynkTaTi po3paxyBanu 3a fJonomoroto kputepiis Konmoroposa—CmupHoga Ta LLanipo-Yirnka.
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A. A. Safonov

PesynkraTtu. Y pesynbrati 4OCNiAUNM akTONPOTEKTOPHY aKTUBHICTb 22 HOBMX CMOMyK. YCTaHoBwnu, LWo crnonyku la, lib, Ilh matoTb
aAKTOMPOTEKTOPHY Aito. PevyoBuHa la nepeBuLLye npenapat NopiBHAHHSA. HalakTuBHilla pevyoBMHA cepen CUHTE30BaHKX COMen — Kanin
2-((3-(tiopeH-2-inmeTnn)-1H-1,2,4-Tpiazon-5-in)Tio)aveTar, Skuii nepeBuLLye Npenapat NOPiBHAHHSA PUBOKCUH Ha 6,32 %.

BucHoBku. 3pobunu BUCHOBKM LLOAO 3aNEXHOCTI «CTPYKTYpa — aKTOMPOTEKTOPHWIA edheKT»: 3aMiHa KaTioHa kanito Ha KaTioH HaTpito
NPU3BOAMTb A0 3HIKEHHSI BionoriYHOT aKTUBHOCTI; BBeAEHHS B Monekyny 2-((3-(tiodeH-2-inmetun)-1H-1,2,4-Tpiason-5-in)tio)auerorigpa-
3nay 4-xnopbeHsnigeHoBoro 3amicHuka, abo 2,3-AnMeToKCUOEH3NNIEHOBOMO He BMIIMBAE HA aKTOMPOTEKTOPHUI eheKT; BBEAEHHS B
monekyny 2-((3-(tiodpen-2-inmetun)-1H-1,2,4-tpiason-5-in)Tio)aueTorigpasugy 6eH3unigeHoBoro pagukany, 3-HiTpobeHsunigeHoBoro,
4-nymeTnnamiHobeH3nniaeHoBOro, 2,4-AMMeTUNOEH3NNIAEHOBOMO HEraTMBHO BNIMBAE Ha BTOMY LUYPIB.

Kniouogi cnoga: 1,2,4-Tpia3on, akTONPOTEKTOPHA aKTUBHICTb, COMi, FETEPOLIMKITIYHI CTIONYKM.
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WccnegoBaHue aKTONPOTEKTOPHOM aKTUBHOCTU NPOU3BOAHLIX 3-(TModeH-2-unmeTtun)-1H-1,2,4-Tpnazon-5-Tuona
A. A. CacboHoB

Bonpoc yctanocTi 4oCTaTouHO OCTPO CTOUT Nepes YenoBevecTBom. [ins Toro, utobel bonbLue paboTtats 1 3apabaTbiBaTh, 1H0AM HAYMHAKOT
ynoTpebnsaTs pasnuyHble CTUMYNAToOpbl AN 60pbObI C YCTanoCThbio, HO OHU UMEIT Lienblii psia NobouHbIX adhdekToB. ATa npobnema
aKTyanbHa B cTpaHax Asuu. [ins npefoTBpaLLeHNs TakuX OCIIOXKHEHWIA YYeHbIe NbITAKTCS CO3AaTh aKTONPOTEKTOPLI, KOTOPbIE MENi Obl
MVHUMAIIbHOE KOnmMyecTBo NoboYHbIX AencTauii. MponasoaHble 1,2,4-Tpuasona 3apekoMeHgoBanu cebsi B kayecTBe HOBbIX BELLECTB C
pasnuyHbIMK crnekTpammn hapMaKkonorMieckon akTBHOCTH.

Llenb paboTkl — nccnegoBaHue akTOMPOTEKTOPHOW aKTUBHOCTM CPean HOBbIX NMPOM3BOAHbLIX 3-(TModeH-2-unmetun)-1H-1,2,4-Tpua-
3on-5-Tnona.

Matepunansl n metoabl. [ANg n3y4eHns akToNpoOTEKTOPHON aKTUBHOCTU HOBbLIX NPOMU3BOAHBLIX 3-(TMOoteH-2-unmetun)-1H-1,2,4-tpuna-
30M-5-T1ona ucnonb3oBanu rpynny u3 7 6enbix HenuHeiHbIX kpbic Becom 200—260 r. apmakonorn4eckyro akTMBHOCTb U3yvanu MeToa0M
NPUHYAMTENBHOTO NnaBaHus. VccrenyeMble COeAMHEHs, a Takke 3TamnoHHbIM cTaHgapT — PubokcuH® (npomssoguTenb — Kueeckuid
BUTaMWHHBIA 3aBOA) BBOAMNM nepopanbHo B fo3e 100 mr/kr 3a 20 MUHYT 4O NOTPYXEHWs XMBOTHbLIX B BOAY. [INA CpaBHeHWS Takke
1CMONb30BanM KOHTPOMbHYKO TPYNMy XUBOTHBIX, NMOMyYaBLUUX CONEBON pacTBop 3a 20 MUHYT [0 NorpyxeHus. MpaBuMeTpuYeckme ns-
MEePEHNS NPOBOAMIIN Ha NabopaTOPHbIX 3MIEKTPOHHbLIX aHaNMTUYecknx Becax mogenu ESJ-200-4 (CLUA). Ctatuctnyeckue pesynsratbl
paccyuTbIBanm ¢ noMoLLblo kputepnes Konmoroposa—CmupHoBsa v Lanupo-Yurka.

Pesynkrathl. MiccnegoBanu akTONPOTEKTOPHYH aKTUBHOCTb 22 HOBbLIX COEAMHEHWIA. YCTaHOBUMK, YTO coeanHenus la, lib, Ilh nmetot
aKTONpOTEKTOpHOE AeicTBue. BelecTso |la npeBbilaeT npenapat cpaBHeHUs. CambiM aKTUBHBIM BELLECTBOM Cpeau CUHTE3MPOBAH-
HbIX coneit sBnsieTcs kanuii 2-((3-(tnodeH-2-unmetun)-1H-1,2,4-Tpnason-5-un)Tno)auerart, KOTopblii NPEBLILIAET NpenapaT CPAaBHEHMS
p1BOKCUH Ha 6,32 %.

BrbiBoaki. HekoTopble BbIBOAbI CAENaHbI N0 3aBUCUMOCTH CTPYKTYpa — aKTOMPOTEKTOPHbIA 3dhpeKT»: 3amMeHa KaT1oHa Kanwusi Ha KaTuoH
HaTpUsl MPMBOAUT K CHIDKEHUIO BMONOrMieckon akTMBHOCTY; BBeAeHUe B Monekyny 2-((3-(TnodeH-2-unmetun)-1H-1,2,4-tpnason-5-mn)
Tuo)aueroruapasuaa 4-xnopbeH3nnmMaeHoBoro 3aMecTuTens unu 2,3-AuMeTokCM6eH3MNMAEHOBOMO He BNMUSIET HA aKTOMPOTEKTOPHbIN
acbdekT; BBeaeHve B monekyny 2-((3-(tnocdpen-2-unmetun)-1H-1,2,4-tprnason-5-unjtmo)auetorngpasnaa 6eH3nnmaeHoBoro pagukana,
3-HUTPOBEH3NAEHOBOTO, 4-AMMETUNAaMUHOOEH3UNMAEHOBOTO, 2,4-AMMETUNGEH3UNMAEHOBOTO HETAaTMBHO BIMSIET HA YCTANOCTb KpbIC.

KnwoueBsle cnoga: 1,2,4-Tpyuasosn, akToNpoTEKTOPHOE AEWNCTBME, COMU, FETEPOLIUKIINYECKNE COEAVNHEHUS.
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Pharmaceutical industry is developing in accordance with
the development of society and technology. Modern people
cannot even imagine their lives without medical drugs.

Scientists around the world are competing for the leader-
ship in creating new drugs that reduce fatigue and help athletes
increase their speed and improve performance.

1,2,4-triazole molecule is globally used as a foundation to
create potential highly active substances [1-4].

The review of scientific literature has proved the absence
of verified data on the actoprotective effect of 3-(thiophen-
2-ylmethyl)-1H-1,2,4-triazole-5-thiol derivatives [5—11].

Aim
Correspondingly, the aim of this work is the investigation of

actoprotective activity of new 3-(thiophen-2-ylmethyl)-1H-
1,2,4-triazole-5-thiol derivatives.

Materials and methods

In order to study the actoprotective activity of new 3-(thio-
phen-2-ylmethyl)-1H-1,2,4-triazole-5-thiol derivatives, a
group of 7 white nonlinear rats weighing 200-260 g was used.

Pharmacological activity was studied with the method of
forced swimming [12]. Loads (10 % of rats’ weight) were
attached to the tail bases of the animals. After immersing
the animals in water for 10 seconds, the swimming time of
the laboratory rats before exhaustion was measured (in se-
conds). Rats were immersed one by one in a large container
(water temperature 24-27 °C) with a water level higher
than 60 cm. The study compounds, as well as the reference
standard — Riboxin® (manufactured by Kyiv Vitamin Plant)
were administered orally 20 minutes prior to the immersion
of animals at a dose of 100 mg/kg. For comparison, we also
used a control group of animals that received saline 20 mi-
nutes prior to the immersion.
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A study of actoprotective activity of new 3-(thiophen-2-ylmethyl)-1H-1,2,4-triazole-5-thiol derivatives

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 aresult, the actoprotective activity of 22 new compounds
was investigated.
Compounds Ia, IIb, ITh, have been found to have an actopro-
tective effect. Compound Ia surpasses the comparison drug.
Some conclusions have been made regarding “structure —
actoprotective activity” dependence.

Discussion

The most active substance among the initially synthesized
salts is the compound Ia (potassium 2-((3-(thiophen-2-yl-
methyl)-1H-1,2,4-triazol-5-yl)thio)acetate), which surpasses
the comparison drug riboxin by 6.32 % (7able 1,2).

Replacement of potassium cation by sodium cation in
the molecule potassium 2-((3-(thiophen-2-ylmethyl)-1H-
1,2,4-triazol-5-yl)thio)acetate leads to a decrease in biological
activity (Fig. 1).

The introduction of morpholine as a cation to the molecule
2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)ace-
tate leads to a sharp decrease in the pharmacological effect.

Regarding the actoprotective activity of R-idene-2-((3-
(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetohy-
drazide, it should be noted that the compounds of this series
both increase and reduce the actoprotective effect (7Table 3,4).

It should be noted that compounds IlIb, ITh, IIj reduce
the fatigue of the studied rats and have an actoprotective

effect of 20.31 %, 24.27 % and 16.24 %, respectively. But
despite the positive result, these compounds do not surpass
the comparison drug riboxin (Fig. 2).

The introduction of 4-chlorobenzylidene substituent
(compound IId) or 2,3-dimethoxybenzylidene (compound
IIm) into the molecule of 2-((3-(thiophen-2-ylmethyl)-
1H-1,2,4-triazol-5-yl)thio)acetohydrazide does not affect
the actoprotective effect.

Replacement of the above mentioned substituents with
2-chlorobenzylidene (Ilc), 4-fluorobenzylidene (Ile), 2-ni-
trobenzylidene (IIf), 4-hydroxybenzylidene (Ili), 3-bro-
mo-4-fluorobenzylidene (IIl), 3,4-dimethoxybenzylidene
(Ilo), 3,5-dimethoxybenzylidene (IIp) leads to a moderate
actoprotective effect.

40
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Fig. 1. Actoprotective activity of 2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-
triazol-5-yl)thio)acetate salts.

Table 1. “Structure—action” dependence of 2-((3-( thiophen-2-ylmethyl)-1H-1,2 4-triazol-5-yl)thio)acetates

N——NH
N\ / Vi
H, 7+

(N A el

s H, o
e N
la K T
Ib Na !
lc morpholine W

Table 2. Actoprotective activity of 2-((

3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetate salts

% to mean | % to
-m“-“ (Q1 Q3) - contrOI Me contrOI MW
0

Control 241.71 40.58 3.38 (218.5:264.0) | 241.71+£3.38 P<0.001 |[P>0.05
Riboxine | 304 60.76 5.06 337 (240.0:353.0) | 304.0 + 5.06 25.77 40.42 P<0.001 |[P<0.05

la 319.28 103.43 8.61 369 (277.0:389.5) |319.29+8.62 |32.09 53.75 P<0.001 |[P>0.05

Ib 212.28 72.99 6.08 190 (174.5:246.5) |212.29+6.08 |-12.17 -20.83 P<0.001 |[P>0.05

Ic 168.57 117.73 9.81 100 (97.5:194.5) 168.57 £9.81 |-30.26 -58.33 P<0.001 |[P<0.01
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Table 3. “Structure—action” dependence of R-idene-2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetohydrazides

D g

N——NH
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N

HN——N——=C—R
H

S O S

lla C,H, !
lIb 2Br-CH, 1
lic 2-CI-CH, 1
Id 4-CI-CH, <—>
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IIf 2-NO,CH, T
lig 3-NO,CH, )
llh 2-OHCH, M
Mli 4-OHCH, T
IIj 3-OCH,CH, 1
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IS tiophen 1

Table 4. Actoprotective activity of R-idene-2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetohydrazides

T O O I o e =
Control 245.42 33.69 2.80783 (226.0:251.0) 24543 £ 2.81 P<0.001 |P>0.05
Riboxine | 315.28 66.70 5.55897 | 292 (278.5:359.5) 31529+ 556 | 28,46 18.7 P<0.001 |P>0.05
llb 295.28 100.97 8.41456 357 (203.0:375.5) 295.29 + 8.41 20,31 4512 P<0.001 |P>0.05
llc 271.28 102 8.49996 | 262 (210.0:354.0) 27129+ 8.5 10,54 06.5 P <0.001 |P>0.05
Ilh 305 104.48 8.70744 354 (251.0:368.5) 305.0 £ 8.71 24,27 43.9 P<0.001 |P>0.05
lir 221.85 108.62 9.05237 180 (158.0:288.0) 221.86+9.05 |-9,6 -26.83 P<0.001 |P>0.05
Control 241.71 40.58 3.38218 | 240 (218.5:264.0) 24171338 |0 0 P<0.001 |P>0.05
Riboxine | 304 60.76 5.06349 | 337 (240.0:353.0) 304.0 £ 5.06 25,77 40.42 P<0.001 |P<0.05
lIm 237.42 91.71 7.64291 204 (183.5:299.0) 23743+7.64 |-1,77 -15 P<0.001 |P>0.05
lin 224 .42 59.67 4.97304 211 (197.0:251.5) 22443 +497 |-715 -12.08 P<0.001 |P>0.05
lip 260.85 46.82 3.90199 266 (219.0:301.0) 260.86 + 3.9 7,92 10.83 P<0.001 |P>0.05
Control 241 52.83 440276 | 253 (228.0:266.5) 241.0+4.4 0 0 P <0.001 |P>0.05
Riboxine |310.42 41.69 3.44 317 (277.0:348.0) 31043+ 347 28,81 25.3 P<0.001 |P>0.05
Id 245,57 75.91 6.32618 | 260 (197.5:299.5) 24557 +6.33 |01,9 277 P <0.001 |P>0.05
llg 199.71 95.35 7.94596 183 (121.5:265.5) 199.71+795 |[-17,13 -27.67 P<0.001 |P>0.05
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A study of actoprotective activity of new 3-(thiophen-2-ylmethyl)-1H-1,2,4-triazole-5-thiol derivatives

Cont. of Table 4.

% to mean | % to Me

267.57 115.66 9.63883 (195.5:340.5) 267.57+9.64 | 11,03 32.41 P<0.001 |P<0.05

I 280.14 111.57 9.29785 | 292 (193.0:372.5) |280.14+93 | 16,24 15.42 P<0.001 |P>0.05
llo 264.14 111.32 9.27667 | 290 (160.5:341.0)  [264.14+9.28 |96 14.62 P<0.001 |P>0.05
Control | 250.14 33.78 281548 | 252 (233.0:258.5) |250.14+2.82 |0 0 P<0.001 |P>0.05
Riboxine | 318.42 60.19 5.01591 312 (283.0:354.0) 318.43+5.02 27,3 23.81 P <0.001 |P>0.05
lla 23385 7378 6.14908 | 244 (199.0:282.0) |233.86+6.15 |-6,51 -3.17 P<0.001 |P>0.05
lle 272.57 95.88 7.99042 | 253 (210.0:354.0) 272.57+7.99 (8,97 0.4 P <0.001 |P>0.05
lif 268.42 93.92 7.82681 | 270 (189.5:332.0) |268.43+7.83 |7,31 7.14 P<0.001 |P>0.05
Ik 22042 118.89 9.90824 | 211 (111.5:3245)  |22043+9.91 |[-11,88 -16.27 P<0.001 |P>0.05
I 283.57 109.30  [9.10889 | 277 (225.0:379.0) |28357+9.11 |13,36 9.92 P<0.001 |P>0.05
llg 158.42 42.66 3.55573 160 (135.5:178.0) 158.43+3.56 |-36,66 -36.51 P <0.001 |P>0.05
lls 269.57 112.85 9.46 293 (175.5:363.0) |269.57+9.4  |7,77 16.27 P<0.001 |P>0.05
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Fig. 2. Actoprotective activity of R-idene-2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetohydrazides.

The introduction of benzylidene substituent (compound  triazol-5-yl)thio)acetate, which surpasses the comparison

ITa), 3-nitrobenzylidene (compound I1g), 4-dimethylamino-  drug riboxin by 6.32 %. Some conclusions are drawn re-
benzylidene (1Ik), 2,4-dimethylbenzylidene into the molecule ~ garding “structure — actoprotective effect” dependence:

of 2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio) —replacement of potassium cation by sodium cation leads
acetohydrazide negatively affects the fatigue of rats, and  to a decrease in biological activity;

the introduction of pyridin-3-ylmethylene radicals greatly — introduction of 4-chlorobenzylidene substituent or 2,3-di-
reduces the actoprotective effect. methoxybenzylidene into the molecule of 2-((3-(thiophen-2-

ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetohydrazide does not
affect the actoprotective effect;

—introduction of benzylidene substituent, 3-nitrobenzylidene,

As a result, the actoprotective activity of 22 new com-  4-dimethylaminobenzylidene, 2,4-dimethylbenzylidene into
pounds was investigated. the molecule 2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-

Compounds Ia, IIb, ITh have been found to have an acto-  yl)thio)acetohydrazide negatively affects the fatigue of rats.
protective effect. Compound Ia surpasses the comparison
drug. .
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