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Antiradical activity and bioprediction
of 0- and p-hydroxybenzoic acid hydrazide derivatives

This article provides results of evaluation of synthesized biologically active substances 1-4 antiradical activity
according to their ability to interact with the 2,2- diphenyl-1-picrylhydrazyl radical (DPPH"). It was found that
all synthesized compounds 1-4 have antiradical activity. Pronounced antiradical activity was shown by N-
ethyl-2-(2-hydroxybenzoyl)hydrazine-carbothioamide (1) (ICso(DPPH) = 12.5 uM) and/N-ethyl-2-(4-hydroxy-
benzoyl)hydrazine-carbothioamide (2) (ICso(DPPH) = 16.7 uM) samples under the conditions of this test sys-
tem. Activity of N-ethyl-2-(2-hydroxybenzoyl) hydrazinecarbothioamide (1) and N-ethyl-2<(4-hydroxyben-
zoyl)hydrazinecarbothioamide (2) samples are comparable to activity of known antioxidants. Studied sub-
stances 1 and 2 are promising for further advanced research of their antioxidant properties and other types of
biological activity. Results of PASS computer system applicability estimation for prediction of biological ac-
tivity using structural formula as a part of pre-experimental screening are provided. Expected activity of chem-
ical compounds combines physiological activity of initial hydrazides of 0- and p-hydroxybenzoic acids as well
as components of structural molecule. According to bioprediction data analysis, all compounds can act as in-
hibitors with a high degree of probability.

Keywords: antioxidant, antiradical activity, free radical, thiosemicarbazide, 1,2,4-triazole, DPPH, biopredic-
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Introduction

Antioxidants have found widespread practical application in chemistry, chemical engineering, food in-
dustry and pharmacy. Multiple contributions are provided on research of various natural compounds [1-4],
their synthetic analogues [5-12] and botanicals extracts [13—-15] antioxidative activity. Antioxidative therapy
is a way of treating various diseases which develop significantly through free-radical processes [16, 17]. An-
tioxidants are implemented in‘therapy of various pathologies including inflammatory processes [18-20] and
cardiovascular diseases [21, 22]. They are uses as adaptogens in stress conditions [23] and for treatment of
neurodegenerative disorders, such-as Alzheimer's and Parkinson disease as well as cognitive dysfunction.

In recent years there has been search and streamlined synthesis of new multifunctional phenol type anti-
oxidants superior.in their.efficiency to existing analogues considering peculiarities of structure and antioxida-
tive activity interrelation. A promising area of highly effective antioxidants creation is synthesis of «hybrid
molecules» combining several functional groups reacting independently or synergistically to substrates oxida-
tion process in lipidic or water phase.

The purpose of this paper is to research the anti-radical activity of synthetic compounds 1-4 in reference
to 2,2-diphenyl-1-picrylhydrazyl (DPPH), and expand the synthetic antioxidants based on hydrazides of o- and
p-hydroxybenzoic acids.

Experimental

For studied samples 1-4 antiradical activity estimation in test with DPPH radical methanol solution of
DPPH (100 uM) was used. For selection of substances with pronounced antiradical activity 2 ml of 100 uM
DPPH methanol solution was mixed with 20 ml of researched substance dissolved in methanol in 5 mM con-
centration. This way, the final concentration of test sample in reaction mixture was 50 uM. Optical density
reduction at 515 nm was measured 10 minutes after adding test sample to DPPH solution. Interaction with the
DPPH radical was carried out at final concentrations of 50, 25, 20, 15, 10, 5and 2.5 uM for studied substances
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that can reduce the optical density more than 50 %. Then, the test sample concentration that can reduce the
optical density by 50 % (ICso(DPPH)) was determined.

Computer prediction of biological activity was carried out using PASS software which predicts 4000
types of biological activity based on training array analysis containing structural formulas and biological ac-
tivity data of more than 300,000 chemical compounds. Structural formulas of studied compounds are entered
into system as files of Mol or SDF format. Prediction results are calculated as compound probability of dis-
playing certain biological activity (Pa) and probability of not displaying such activity (Pi). PASS system is
thoroughly described in works [24-26] http://www.way2drug.com/passonline website provides resource al-
lowing to predict more than 4000 types of biological activity.

Results and Discussion

Previously we have synthesized hydrazide derivatives of o- and n-hydrobenzoic acids (1-4) [27-29]
which contain thioamide group, ethyl unit and 1,2,4-triazole groups. 1-4 compounds antiradical properties
estimation for the purpose of revealing active antioxidants was carried out for the first time.

Several series of experiments were carried out to define antiradical properties according to technique [30].
DPHH radical and test sample solution optical density are shown in Table 1.

Table 1

Optical density of 100 pM DPPH radical with S0 pM examined substance solution
after 10 minute incubation period

Optical density,

No. Structural formula and substance name rel. unit

L
O
7
o

\
NHNH—C—NH-CH,~CH,

0.112

N-ethyl-2-(2-hydroxybenzoyl)hydrazine-carbothioamide (1)

o)
%
o

\
NHNH—C—NH-CH,~CH,

0.127

N-ethyl-2-(4-hydroxybenzoyl)hydrazine-carbothioamide (2)
OH CH,-CH;
N
3 \ 7=5 0.587
N—NH
3-(2-hydroxyphenyl)-4-ethyl-1H-1,2 4-triazol-5(4H)-thione (3)
HO CHy-CH,§
N
4 \ 7=S 0.418
N—NH

3-(4-hydroxyphenyl)-4-ethyl-1H-1,2,4-triazol-5(4H)-thione (4)
5 Control (DPPH solution without test sample) 0.852

Table 1 shows that all 1-4 compounds are capable of antiradical activity, compounds 3 and 4 are able to
reduce optical density below 50 %, so from all compounds 1-4 only compounds 1 and 2 are promising for
further research.

Second series of experiment was carried out to study ability of compounds 1 and 2 to interact with DPPH
radical at various concentrations (from 2.5 to 50 uM) (Table 2, Fig. 1).

36 BecTHuk KaparaHgmMHCKoOro yHusepcureTa


http://www.way2drug.com/passonline

Antiradical activity and bioprediction ...

Table 2
Optical density of DPPH radical 100 pM with test sample 1 and 2 solution
at final concentrations 50, 25, 20, 15, 10, 5 and 2.5 pM after 10 minute incubation
No Final concentration of substances Optical density, rel. unit
" | 1and 2 in the reaction mixture, uM | reaction mixture of compound 1 reaction mixture of compound 2
1 50 0.071 0.159
2 25 0.243 0.325
3 20 0.287 0.396
4 15 0.451 0.55
5 10 0.57 0.609
6 5 0.728 0.743
7 2.5 0.806 0:810
Con_trol (DPPH solution 0.907 0.907
without test sample)
60 60 N -
50
Z w =
§ 30 E
§ 20 ¥ %
£ . £
ST o
, \
0 0,2 04 0,6 08 1 1
-10
l Optical density, rel.units ’ Optical density, rel.units
a) b)

Figure 1. Dependence of optical density of the reaction mixture
compound 1 (a) and compound 2 (b) on the concentration

Using created calibration curves (Fig. 1) concentrations of N-ethyl-2-(2-hydroxybenzoyl)-hydrazinecar-
bothioamide (1) and N-ethyl-2-(4-hydroxybenzoyl)hydrazinecarbothioamide (2) were determined. Estimation
of 1-4 compounds antiradical activity towards DPPH radical showed that in conditions of given test system
samples 1 and 2 displayed the maost pronounced antiradical activity. The concentration of samples 1 and 2 to
be able to reduce optical density of DPPH radical 100 uM solution by 50 % was found. ICso(DPPH) for com-
pound 1 is 12.5 uM, ICso(DPPH) for compound 2 is 16.7 pM.

Referring to the data; the ICsq(DPPH) for the standard ascorbic acid sample is 19.9 uM. 1 and 2 samples
activity is competitive with ascorbic acid reference sample.

According to reference data [31, 32] 1Cso(DPPH) (uM) for known antioxidants is the following: glutathi-
one — 49, hydrochinone — 27, trolox — 28, a-tocopherol — 28, quercetin — 8. This way, antiradical activity
of samples 1 and 2.is comparable to that of known antioxidants. Studied substances 1 and 2 are promising for
further research of their antioxidative properties. Experimentally received results allow for the conclusion
about practicability of further research in order to search for prospective antioxidant compounds among deriv-
atives of o- and p-hydroxybenzoic acids are reasonable.

According to Chemical Abstract Service data, nowadays there are more than 65 million known chemical
compound structures, while amount of those virtually generated in silico but not synthesized yet exceeded 165
billion [33, 34]. Despite widespread use of high performance screening methods, it is not possible to experi-
mentally test millions of compounds to define their biological activity. This in one of fundamental issues of
contemporary chemistry — research of «structure-activity» correlations of physiologically active compounds
[35, 36]. Due to this, a very important component of modern approaches to research and development of new
bioactive substances are information technologies which allow reducing amount of substances researched in
biological experiments and streamline patterns of their research. One of the ways of using information tech-
nologies for searching bioactive substances is computer-assisted bioactivity prediction through chemical struc-
ture.
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In order to define compounds 14 expected biological activity we have carried out bioprediction using
one of the most effective contemporary software — PASS (Prediction of Activity Spectra for Substances)
(Table 3), which is used to define «structure-activity» correlations. Result of expected activity for compounds
1-4 is shown in Table 3.

Table 3

Results of a computer bioprediction of the expected type of biological activity of compounds 1-4

Cﬁlrgp. Probability | Ranging Activity type names
0.846 0.003  |Gonadotropin antagonist
0.815 0.004 |HMGCS2 expression enhancer
0.814 0.011  |Taurine dehydrogenase inhibitor
1 0.802 0.002  |PfA-M1 aminopeptidase inhibitor
0.769 0.004  |Catechol oxidase inhibitor
0.760 0.004  |Antituberculosic
0.727 0.005 |Antimycobacterial
0.725 0.005 |Ovulation inhibitor
0.857 0.005 |Taurine dehydrogenase inhibitor
0.847 0.003  |Gonadotropin antagonist
0.819 0.004 |HMGCS2 expression enhancer
2 0.792 0.003 |PfA-M1 aminopeptidase inhibitor
0.739 0.003  |Trimethylamine dehydrogenase inhibitor
0.725 0.004  |Antituberculosic
0.744 0.038 |Mucomembranous protector
0.839 0.007  |Arylacetonitrilase inhibitor
0.827 0.004  |Histidine Kinase‘inhibitor
0.772 0.005 |Gamma-guanidinobutyraldehyde dehydrogenase inhibitor
3 0.751 0.009 |Proteasome ATPase inhibitor
0.748 0.012 |Glutathione thiolesterase inhibitor
0.725 0.005 |Aminobutyraldehyde dehydrogenase inhibitor
0.718 0.003  |Alkaline phosphatase inhibitor
0.881 0.005 |Arylacetonitrilase inhibitor
0.824 0.005 |Glutathione thiolesterase inhibitor
0.812 0.004  |Gamma-guanidinobutyraldehyde dehydrogenase inhibitor
0.799 0.005 . |Proteasome ATPase inhibitor
0.797 0.008 |Muramoyltetrapeptide carboxypeptidase inhibitor
0.782 0.004  |Sulfite reductase inhibitor
4 0.755 0.007  |Peroxidase inhibitor
0.751 0.011 |NADPH-cytochrome-c2 reductase inhibitor
0.740 0.004  |Aminobutyraldehyde dehydrogenase inhibitor
0.715 0.013  |2-Hydroxyquinoline 8-monooxygenase inhibitor
0.747 0.049  |Aspulvinone dimethylallyltransferase inhibitor
0.715 0.018 |Ribulose-phosphate 3-epimerase inhibitor
0.712 0.015 |UDP-N-acetylglucosamine 4-epimerase inhibitor
0.701 0.012  |Fatty-acyl-CoA synthase inhibitor

Compounds 1-4 bioprediction data analysis suggests that the compounds can display inhibitive, antimi-
crobial and antitubercular activity with a high degree of probability. PASS system provides comparable an-
titubercular activity probability for compounds 1 and 2 (Pa = 0.760 and Pa = 0.725), compound 2 can display
antimicrobial activity (Pa = 0.727). Compounds 1-4 can act as various inhibitors with probability (Pa > 0.7).
Compounds 3 and 4 are highly likely to be enzyme inhibitors.

Data of computer-assisted biological activity prediction from PASS online computer system require fur-
ther experimental research and validation but provide opportunity for dedicated research of specific biological
activity types which have quite high probability of experimental displaying. This way, prediction data can be
taken to plan further experimental studies in test systems of in vitro and in vivo.
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Conclusions

1. All synthesized compounds have anti-radical activity, but compounds 1 and 2 have pronounced anti-
radical activity. The activity of samples 1 and 2 is not inferior to the reference sample of ascorbic acid. The
ICso(DPPH) for ascorbic acid is 19.9 uM. The 1Cs(DPPH) for N-ethyl-2-(2-hydroxybenzoyl)hydrazinecar-
bothioamide (1) is 12.5 uM, and ICso(DPPH) for N-ethyl-2-(4-hydroxybenzoyl)hydrazinecarbothioamide (2)
is 16.7 uM. The researched substances of 1 and 2 are perspective for an in-depth study of their antioxidant
properties.

2. The prediction data can be taken to plan further experimental studies in test systems of in vitroand in
vivo.
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K.b. CarbaeBa, O.A. Hypkenos, 3.T. lllynsray,
C.A. ®azpuioB, M.JK. bypkees, [I. XaBnnuek

0-"7K3HEe n-THAPOKCHUOEH30# KbIIIKbLIBIHBIH THAPA3U/l TYBIHAbLIAPbIHBIH
PaAuKaJIFa Kapchl OeJicCeHAiIIri MeH 01000 KAMBbI

Maxkanana OHONOTHSIIBIK OeceHai 3arTapabiH 2,2-mudenmt-1-mukpunruapasmn (JOIT, DPPH') pagukansi-
MEH opeKeTTecy KabineTi OOWBIHIIA paguKaiFa Kapchl OeJICeHIUTIKTI Oaranay HoTHKenepi kenripiared. Ockl
TecT-KYyHe skarmaibiHaa N-s1un-2-(2-rugpokcu-6eHsomn)ruapasuakapooranoamua (1) sxone N-3Twn-2-(4-
TU/IPOKCHOCH30MI)rHAPAa3nHKapOoTHOAMK L (2) yIrinepi paaukanFa Kapchl OCICEHAITIKTI KOPCETKEHI KoHEe
osapaeiy Gipintici 1Cso(DPPH) = 12.5 uM, exinmrici ICso(DPPH) = 16.7 uM-fa TeH eKeHiri ailKbIHIa/Ibl.
3eprrenred 1—4 KochUIBICTapbIH ilmiHAe TeK 1 MeH 2 KOCBUIBICTAPBIHBIH OKCHAAHTTKA KapChl KACHETi MEH
OMOaKTHBTIUTIKTIH 0acKa TYpJIepiH OaH 9pi TepeH 3epTTeyre NepCcHeKTHBANb 6okt Tadbutansl. PASS xoM-
MBIOTEPITIK OaFaapiaMaHbl KOJIZaHa OTHIPHII, TOXKIPUOEIiK alIbIH-ajla CKpHHHUHT Ke3€H] PeTiHAe KYPBUTBIMIBIK
(hopmyra OoWbIHIIIA OHONOTHSUIIBIK OCICEHIUTIKTI 00JDKay YIIH MaiiiaaHy MYMKIHAITIHIH Oaranay HOTHXe-
siepi kenTipinreH. XUMHUSUTBIK KOCBUTBICTAPIBIH KYTIJIETIH OCICEH I 0- KOHE N-TUAPOKCUOCH30M KBIIKBLI-
JapBIHBIH 0ACTAIKBI THAPA3UATEPiHIH (HU3UOTOTUSIIBIK OSJICEHALTIN MEH KYPBUIBIM/BIK MOJICKYJIaHbIH KypaM-
nac OemikTepin OipikTipeni. BuoGOKaAMHBIH TalJaHFaH MOTIMETTEPiHEH, OAPIBIK KOCBUIBICTAPAIH HHIHOM-
TOp peTiHae 001y MYMKIHIITI yJieci JKOFaphl.
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K.b. Carnaesa, O.A. Hypkenos, 3.T. Ulynbray,
C.J. ®a3zpuioB, M. K. bypkees, /1. Xapnuuek

AHTHPAIUKAIbHAS AKTUBHOCTH U OHOMPOTHO3
NMPOM3BOAHBIX I'MAPA3HIAOB 0- U N-THAPOKCHOEH30HHBIX KHCJIOT

B crarbe npuBeNEHBI PE3yNIbTAThl OLICHKH aHTHPAJUKAIbHOI aKTUBHOCTH CHHTE3MPOBAHHBIX OHMOJIOTHYECKH
aKTHUBHBIX BellecTB 1-4 1o crocoGHOCTH B3aHMOICHCTBOBATD C PafnuKaIoM — 2,2-nudeHu-1-mukpunraapa-
smwioM (JIPIIT, DPPH"). YcTaHOBICHO, YTO BCE CHHTE3MPOBAHHEBIC COCMHCHHS 00JIIal0T aHTHPAIUKAITEHON
AKTHBHOCTBIO, HO B YCJIOBUSIX JaHHOM TECT-CHCTEMBI BEIPKEHHYIO aHTHPAIUKAIBHYIO aKTUBHOCTH TIPOSIBAIIN
o6pasupr N-atun-2-(2-rugpokcubenzonn)ruapasuakapbotnoamusa (1) 1Cso(DPPH) = 12,5 uM, st N-suin-
2-(4-runpoxcubensoun)ruapasunkapoorrnoamua (2) 1Cso(DPPH) okazanock paBHoit 16,7 uM. AKTHBHOCTD
o6pasos N-stui-2-(2-ruapokcubensonn)ruapasuakapoornoamuaa (1) u N-3Tui-2-(4-ruapoKcHOCH30HT)-
ruapasuHKapOoTHOaMua (2) comocTaBUMa ¢ aKTUBHOCTBIO H3BECTHBIX aHTHOKCHAAHTOB. [103TOMY U3 CHHTe-
3HpPOBaHHBIX coeAnHEeHnH 1—4 coequHeHns 1 1 2 MepCHEeKTUBHBI AJsl JATbHEHUIIETO YTIIyOISeHHOTO H3yYeHHS
UX QHTHOKCHIAHTHBIX CBOMCTB M APYTHX BUAOB OMOAKTUBHOCTHU. IIpUBEACHBI pe3ysIbTaThl OUEHKH BO3MOXKHO-
CTH HCIIOJIb30BAaHUsI KOMIBIOTEpHOH cucteMbl PASS 11t mporHo3upoBaHusi OHOIOTNYeCKOH aKTHBHOCTH IO
CTPYKTYpPHOI (hopMyIIe Kak 3Tara JOIKCHePHUMEeHTaIbHOI0 CKpUHUHTA. [IpeanonaraeMas aktIMBHOCTh XUMH-
YECKUX COSTMHEHNI KOMOMHMPYET KakK (PU3MOJIOTMIECKYI0 aKTHBHOCTh UCXOMHBIX FHAPA3sHIOB 0- U N-TUIPOK-
CHOCH30HHBIX KUCIIOT, TaK M COCTABIIIONINX KOMIIOHEHTOB CTPYKTYPHOM MOJIeKyJIbl. 113 aHanm3a qaHHEIX O1o-
HPOTHO3MPOBAHUS BCE COCIMHEHMS C BBICOKOH CTENEHBIO BEPOSTHOCTH MOTYT BBICTYIIATh B KAUECTBE HHIMOU-
TOPOB.

Kntoueevie cro6a: aHTHOKCHIAHT, aHTHPAJAUKAIbHAS aKTHBHOCTb, CBOOOJHBINA paIMKall, THOCEMHUKAapOasu,
1,2,4-tpuasoun, JPIIT, 6uonporHos, PASS.
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