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Background. Triazoles and Schiff’'s bases have a high biological activity. For the
practical use of the derivatives, their low toxicity is important. The purpose of this work
was to investigate the antibacterial and phytotoxic properties of Schiff’'s bases of 5-phe-
nyl-4-amino-3-mercapto-4H-1,2,4-triazole with donor substituents in the 4th position of
heterosystem.

Materials and methods. In the study of antibacterial activity of the derivatives,
corrosion-active 4-day association cultures of ammonifying and sulfate-reducing bacte-
ria were used as a test culture of microorganisms. Sensitivity of bacteria to derivatives
was determined by diffusion method in agar using sterile paper disks according to the
standard method. In the investigation of phytotoxic activity of the derivatives, Lepidium
sativum of the “Ajour” cultivar was used as a test plant. Seed germination and biometric
indices (length, weight of the aboveground part and roots) of 5-day sprouts were deter-
mined, the phytotoxic effect of the derivatives was calculated. Experimental data were
processed using methods of mathematical statistics.

Results. The introduction of substituents does not provide for an increase in anti-
bacterial properties of the studied compounds in relation to some corrosion active
ammonifying and sulfate-reducing bacteria. Low activity was observed regarding the
association culture of ammonifying bacteria to the compound without substituents in the
phenyl fragment and the compound with fluor as a substituent in the phenyl fragment at
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a concentration of 2.0%. Derivatives with the methoxyl substituent in the phenyl frag-
ment and with the hydroxyl substituent in the phenyl fragment did not show any antibac-
terial activity against the association culture of ammonifying bacteria isolated from fer-
rosphere in meat-peptone broth. Antibacterial action against the association of sulfate-
reducing bacteria Desulfovibrio orizae with organic acid-producing bacteria Anaerotig-
num propionicum for derivatives were not detected. Phytotoxic properties were observed
for the compound with the hydroxyl substituent that influenced the processes of growth
in the test plant.

Conclusion. The introduction of electron-donor substituents into the basic structure
did not provide for an increase in antibacterial properties against corrosive bacteria. Phy-
totoxic properties were observed for the compound with the hydroxyl substituent in the
phenyl fragment, which influenced the L. sativum growth processes by inhibiting growth
of the above-ground part and roots. Other compounds either did not show any action, or
demonstrated a weak stimulating effect on the growth and development of the test plant.

Keywords: ammonifying bacteria, bactericides, Lepidium sativum L., phytotest,
sulfate-reducing bacteria, the base of Schiff of 5-phenyl-4-amino-3-
mercapto-4H-1,2,4-triazole

INTRODUCTION

One of the effective methods to protect against microbial induced corrosion is the
use of bactericides (Abd-Elaal, Aiad, Shaban, Tawfik, & Sayed, 2014; Andreyuk et al.,
2005; Hsu, Chen, Lo, & Lee, 2019; Kong, Zhang, & Fang, 2017). Triazoles and Schiff’'s
bases have high biological activity (Abd-Elaal et al., 2014; Celik, Maman, & Babagil,
2018; Da Silva et al., 2011; Dehaen, & Bakulev, 2015; Orek et al., 2018). Among triazole
derivatives, antibacterial and antifungal agents have been introduced into practice
(Dehaen, & Bakulev, 2015). Triazoles have high anti-corrosion properties, in particular,
in case of microbial corrosion (Abd-Elaal et al., 2014). Schiff’'s bases are also known to
have antimicrobial properties (Da Silva et al., 2011). We have synthesized Schiff’'s
bases of 5-phenyl-4-amino-3-mercapto-4H-1,2,4-triazole whose biological activity has
not been studied yet. For practical use of the derivatives, their low toxicity is important
(Zain, Salleh, & Abdullah, 2018). The most readily available method for determining
toxicity is phytotesting using Lepidium sativum L. as a test plant (Smolinska, & Cedzyn-
ska, 2010; Tongur, Yildiz, Unal, Atalay, & Yenikdsker, 2017).

The purpose of this work was to investigate the antibacterial and phytotoxic proper-
ties of Schiff’s bases of 5-phenyl-4-amino-3-mercapto-4H-1,2,4-triazole with donor sub-
stituents in the 4th position of heterosystem.

MATERIALS AND METHODS

Structure of derivatives. The formulas of the studied compounds are presented in
Fig. 1. The structure of the synthesized compounds has been proved based on proton
magnetic resonance spectroscopy data.

Investigation of antibacterial activity. In the investigation of antibacterial activity of
the derivatives, corrosion-active 4-day association cultures of ammonifying and sulfate-
reducing bacteria were used as a test culture of microorganisms. Association cultures
were obtained from the ferrosphere of the corroding steel structure after five passages
on meat-peptone broth and Postgate’s B medium, respectively, under periodic cultivation
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(Romanenko, & Kuznetsov, 1974). The association culture of sulfate-reducing bacteria
included Desulfovibrio oryzae and their bacteria-satellite Anaerotignum propionicum
(Tkachuk, Zelena, Mazur, & Lukash, 2020). Sensitivity of bacteria to the derivatives was
determined by agar diffusion method using sterile paper disks according to the standard
method (Egorov, 1969). The repetition of the experiment was 3-fold.

N

N\ Compound R
N 5-Phenyl-4-benzylidenamino-3-mercapto-4H-1,2,4-triazole — H
/ positive control (PC)
| -OCH,
Il -F
1] -OH
R

Fig. 1. The general formula of derivatives of 5-phenyl-4-amino-3-mercapto-4H-1,2,4-triazole
Puc. 1. 3aranbHa dopmyna noxigHunx 5-deHin-4-amiHo-3-mepkanTto-4H-1,2,4-Tprasony

Investigation of phytotoxic activity. In the investigation of phytotoxic activity of the
derivatives, L. sativum of the “Ajour” cultivar was used as a test plant. Seed germination
and biometric indices (length, weight of the aboveground part and roots) of 5-day sprouts
were determined, the phytotoxic effect of derivatives was calculated. The concentration
of compounds was 100 pg/mL. Distilled water was used as a negative control (NC).
The scheme of the experiment was previously presented by the authors (Tsekhmister,
Pinchuk, Tkachuk, Yanchenko, & Demchenko, 2012). The repetition of the experiment
was 3-fold.

Statistical analysis of experimental data. Experimental data were processed
using methods of mathematical statistics (Kalinin, & Yeliseyev, 2000). Statistical pro-
cessing of the obtained results was performed using the statistical module of Microsoft
Office Excel 2010. Methods of descriptive statistics were used to calculate the arithme-
tic mean (M) and the standard error of the arithmetic mean (m). The Student’s signifi-
cance criterion (f) was calculated, and the 95% probability of differences (p<0.05) was
considered statistically significant.

RESULTS AND DISCUSSION

Antimicrobial activity of the new derivatives. In the study of antibacterial proper-
ties of the new derivatives, low activity regarding the association culture of ammonifying
bacteria was observed for PC (without substituents in the phenyl fragment) and com-
pound Il (with fluor as a substituent in the phenyl fragment) at 2.0% concentration. In
this case, the diameter of the zone of inhibitory growth of bacteria was 10.1 + 0.2 mm
and 9.0 £ 0.2 mm, respectively (Fig. 2). However, the test culture was heteroresistant to
these derivatives and some colonies were in the growth inhibition zone. The derivatives
of compound | (with methoxyl substituent in the phenyl fragment) and Ill (with hydroxyl
substituent in the phenyl fragment) did not show antibacterial activity against the test
culture of ammonifying bacteria. Antibacterial action against sulfate-reducing bacteria
for the derivatives was not detected.
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Association
of ammonifying
bacteria

Fig. 2. Sensitivity of the association of ammoni-
fying bacteria to the derivatives of
5-phenyl-4-amino-3-mercapto-4H-1,2,4-
triazole (agar diffusion method)

Puc. 2. YytnueicTb acouiaii aMoHidikyBanbHMX
bakTepivi 4o noxigHux 5-ceHin-4-amiHo-
3-mepkanto-4H-1,2,4-Tpnasony

Phytotoxic activity of the new derivatives. In the study of phytotoxicity of the
new compounds, we observed the absence of influence on the energy of seed germina-
tion of the test plant — it was within the limits of control, marked changes in the indicator
are unreliable.

The results of the study of the biometric indices of seedlings of the garden cress are
shown in Figures 3—4.

A 3, B 5,
*
4 *

P B NC 1 mNC
mPC 34 mPC
5 | £ |
1] i 2 Wi
m Wi

14

04 04

Fig. 3. An average length of the above-ground part (A) and roots (B) of L. sativum seedlings in the presence
of Schiff’'s bases of 5-phenyl-4-amino-3-mercapto-4H-1,2,4-triazole with donor substituents in the 4th
position of heterosystem
Comment: the differences from the NC are reliable at * p < 0.05 (t, = 2.0-2.6-3.4)

Puc. 3. CepegHsa oOBXMHA Haa3eMHOI YacTuHM (A) Ta kopeHiB (B) npopocTkiB L. sativum 3a HasiBHOCTi OCHOB
Lndbdpa 5-deHin-4-amiHo-3-mepkanto-4H-1,2,4-Tpnazony 3 AOHOPHUMU 3aMiCHUKaMK y 4-i no3uuii
retepocuctemu
MpumiTKa: BiAMIHHOCTI BiA HEraTUBHOIrO KOHTPOMIO AOCTOBIpHI Npu * p < 0,05 (t, = 2,0-2,6-3,4)

According to our findings, only compound Il affected growth of the aboveground
part of the seedlings. At the same time, the length of the above-ground part of the seed-
lings was significantly (1.2 times) smaller than that in the negative control. It points to
the property of the compound to inhibit growth (Fig. 3A).
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Fig. 4. An average weight of the above-ground part (A) and roots (B) of 100 L. sativum seedlings in the pre-
sence of Schiff's bases of 5-phenyl-4-amino-3-mercapto-4H-1,2,4-triazole with donor substituents in
the 4th position of heterosystem
Comment: the differences from the NC are reliable at * p<0.05 (t,, = 2.8-4.6-8.6)

Puc. 4. CepepHsi Bara HagsemHoi YacTuHu (A) Ta kopeHis (B) 100 npopocTkiB L. sativum 3a HasiBHOCTi OCHOB
Lndpdba 5-dpeHin-4-amiHo-3-mepkanto-4H-1,2,4-Tprasony 3 AOHOPHUMMK 3aMiCHUKaMU y 4-11 no3nLii
rerepocuctemMu
MpumiTKa: BiAMIHHOCTI Bifi HEraTMBHOIrO KOHTPONMO AOCTOBIPHI npn * p < 0,05 (t,, = 2,8—4,6-8,6)

The longitudinal growth of the roots of the seedlings of garden cress was influenced
by compounds PC, | and Ill. In this case, both weak inhibition of growth (compound Ill)
and weak stimulation of it (PC and compound |) was observed. In particular, in the pre-
sence of compound lll, the length of the roots was significantly (1.2 times) smaller than
that of the negative control (Fig. 3B), and the phytotoxic effect constituted 14.3%. In the
presence of PC and derivative |, the length of the roots was significantly greater than
that of the negative control — by 33 % and 17 %, respectively (Fig. 3B).

We did bot observe any influence of triazole derivatives on the weight of the above-
ground part and roots of seedlings (except for compound |) (Fig. 4A). In the presence
of derivative |, the weight of roots was significantly greater (1.7 times) than that of the
negative control, indicating that the compound is weakly stimulating the development
(Fig. 4B).

CONCLUSION

An introduction of electron-donor substituents into the basic structure did not pro-
vide for the increase in antibacterial properties against corrosive bacteria. Phytotoxic
properties were observed for the compound with the hydroxyl substituent in the phenyl
fragment, which influenced growth processes by inhibiting the growth of the above-
ground part and roots. Other compounds either did not show any action, or demon-
strated a weak stimulating effect on the growth and development of the test plant.

COMPLIANCE WITH ETHICAL STANDARDS

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Animal Rights: This article does not contain any studies with animal subjects per-
formed by any of the authors.

ISSN 1996-4536 (print) e« ISSN 2311-0783 (on-line) e Bionoriyni CTyaii / Studia Biologica ¢ 2021 e Tom 15/ Ne 4 e C. 17-24



22 N. V. Tkachuk, V. O. Yanchenko, A. M. Demchenko

AUTHOR CONTRIBUTIONS

Conceptualization, [N.V.T.; V.0.Y.; A.M.D.]; methodology, [N.V.T.; V.0.Y.; AM.D.];
validation, [N.V.T.; V.O.Y.; A.M.D.]; formal analysis [N.V.T.; V.O.Y.; A.M.D.]; investigation,
[N.V.T,; V.O.Y,; A.M.D.]; investigation, [N.V.T.; V.O.Y.]; resources, [N.V.T,; V.O.Y.;A.M.D ];
data curation, [N.V.T.]; writing — original draft preparation, [N.V.T.; V.O.Y.; AM.D.]; writing —
review and editing, [N.V.T.; V.O.Y.; A.M.D.]; visualization, [N.V.T.]; supervision, [N.V.T,;
V.0.Y.; A.M.D.]; project administration, [NVT, VOY, AMD]; funding acquisition, [N.V.T;
V.0.Y,;AM.D.]

REFERENCES

Abd-Elaal, A. A, Aiad, |., Shaban, S., Tawfik, S. M., & Sayed, A. (2014). Synthesis and evaluation
of some triazole derivatives as corrosion inhibitors and biocides. Journal of Surfactants and
Detergents, 17(3), 483—-491. doi:10.1007/s11743-013-1547-0
Crossref @ Google Scholar

Andreyuk, K., Kozlova, ., Kopteva, Zh., Pilyashenko-Novokhatny, A., Zanina, V., & Purish, L. (2005).
Mikrobna koroziia pidzemnykh sporud [Microbial Corrosion of Underground Structures]. Kyiv:
Naukova Dumka. [In Ukrainian]

Google Scholar

Celik, H., Maman, M., & Babagil, A. (2018). HCA isoenzyme inhibitory activities of Schiff bases
derived from cinnamaldehyde and p-methoxycinnamaldehyde. FEB-Fresenius Environmental
Bulletin, 27(6), 4469-4482.

Google Scholar

Da Silva, C. M., Da Silva, D. L., Modolo, L. V., Alves, R. B., de Resende, M. A., Martins, C. V. B.,
& de Fatima, A. (2011). Schiff bases: A short review of their antimicrobial activities. Journal
of Advanced Research, 2, 1-8. doi:10.1016/j.jare.2010.05.004
Crossref @ Google Scholar

Dehaen, W., & Bakulev, V. A. (Eds.). (2015). Chemistry of 1,2,3-triazoles. Topics in Heterocyclic
Chemistry. New York, Dordrecht, London: Springer. doi:10.1007/978-3-319-07962-2
Crossref @ Google Scholar

Egorov, N. S. (2004). Osnovy ucheniya ob antibiotikah [Fundamentals of the study of antibiotics].
Moscow: High School. [In Russian]

Google Scholar

Hsu,Ch.-W.,Chen, T.-E.,Lo,K.-Y.,&Lee, Y.-L. (2019). Inhibitive properties of benzyldimethyldodecyl-
ammonium chloride on microbial corrosion of 304 stainless steel in a Desulfovibrio desulfuri-
cans-inoculated medium. Materials (Basel), 12(2), 307—-318. doi:10.3390/ma12020307
Crossref @ PubMed ¢ PMC e Google Scholar

Kalinin, M. 1., & Yeliseyeyv, V. V. (2000). Biometriia: Pidruchnyk dlia studentiv vuziv biolohichnykh
i ekolohichnykh napriamkiv. [Biometrics: Textbook for students of higher educational institu-
tions in biological and ecological directions]. Mykolaiv: Publisher of the MB NaUKMA. [In
Ukrainian]

Google Scholar

Kong, L., Zhang, B., & Fang, J. (2017). Study on the applicability of bactericides to prevent
concrete microbial corrosion. Construction and Building Materials, 149, 1-8. doi:10.1016/j.
conbuildmat.2017.05.108.

Crossref @ Google Scholar

Orek, C., Sarac, K., Parlak, A. E., Koparir, P., Turkoglu, S., & Koparir, M. (2018). Synthesis, structure
investigation, spectral properties and in vitro antioxidant evaluation of new 1-(3-methyl-3-
mesityl)-cyclobutyl-2-(5-thiophen-4-ethyl-2h-[1,2,4]triazol-3-ylsulfanyl)etanone. FEB-Fresenius
Environmental Bulletin, 27(5), 2992-3005.

Google Scholar

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriyHi Ctygii / Studia Biologica e 2021 e« Tom 15/ Ne 4 ¢ C. 17-24


https://www.researchgate.net/profile/Ali_A_Abd-Elaal
https://www.researchgate.net/scientific-contributions/72317705_I_Aiad
https://www.researchgate.net/profile/Samy_Shaban3
https://www.researchgate.net/profile/Salah_Tawfik
https://www.researchgate.net/profile/Atef_Sayed2?_sg=QbD2rsGjpCwN3wvW_IbLpov0rzm0kQweZARosxbTUL10E2soEWqB9EglRfGAFKCKaLjF0t0.O-Vi1LsCQYLvqgXILztZtm73SJf7cSa30gaPgyX4MyJ97WFZ0mlw35U0wZHFnrskEdilpJSnLG0JoAC9aS8PXQ
https://doi.org/10.1007/s11743-013-1547-0
https://doi.org/10.1007/s11743-013-1547-0
https://scholar.google.com.ua/scholar?hl=uk&as_sdt=2007&q=Abd-Elaal%2C+A.+A.%2C+Aiad%2C+I.%2C+Shaban%2C+S.%2C+Tawfik%2C+S.+M.%2C+%26+Sayed%2C+A.+%282014%29.+Synthesis+and+evaluation+of+some+triazole+derivatives+as+corrosion+inhibitors+and+biocides&btnG=
https://scholar.google.com.ua/scholar?q=%D0%90%D0%BD%D0%B4%D1%80%D0%B5%D1%8E%D0%BA+%D0%9A.%D0%86.+%D0%9C%D1%96%D0%BA%D1%80%D0%BE%D0%B1%D0%BD%D0%B0+%D0%BA%D0%BE%D1%80%D0%BE%D0%B7%D1%96%D1%8F+%D0%BF%D1%96%D0%B4%D0%B7%D0%B5%D0%BC%D0%BD%D0%B8%D1%85+%D1%81%D0%BF%D0%BE%D1%80%D1%83%D0%B4&hl=uk&as_sdt=2007
https://www.researchgate.net/profile/Hulya_Celik?_sg%5B0%5D=m6ksp8FFxvdI_FGe35uU40G553-WUjNNmj1TH4rigqGsVyXFgpS9qbdfejOQZspkbMoqkhY.d4tiiEcqhKM5qnDdhokDZKEWu9GMRMJupSN5MwuAlsXZw-8gAXLOmBfE7V6ufl8VWq493l7K91QjgUf9ZpXBhw&_sg%5B1%5D=yn6hnWXYfLsQkrIRXZRz6KI-czQxBjefXKeIJkMkArohbGfmyoy6XVOHNGcDVwiqLsCAbiQ.v9J64tEFbqZnBND_QykvFB6wuBosrt5PgvwD8EG734PJ3EnusKF8zDpIKgp9b3ATMRmC3V5KMY-M97xcKb1iAQ
https://www.researchgate.net/scientific-contributions/2147506201_M_Maman?_sg%5B0%5D=m6ksp8FFxvdI_FGe35uU40G553-WUjNNmj1TH4rigqGsVyXFgpS9qbdfejOQZspkbMoqkhY.d4tiiEcqhKM5qnDdhokDZKEWu9GMRMJupSN5MwuAlsXZw-8gAXLOmBfE7V6ufl8VWq493l7K91QjgUf9ZpXBhw&_sg%5B1%5D=yn6hnWXYfLsQkrIRXZRz6KI-czQxBjefXKeIJkMkArohbGfmyoy6XVOHNGcDVwiqLsCAbiQ.v9J64tEFbqZnBND_QykvFB6wuBosrt5PgvwD8EG734PJ3EnusKF8zDpIKgp9b3ATMRmC3V5KMY-M97xcKb1iAQ
https://www.researchgate.net/profile/Aynur_Babagil?_sg%5B0%5D=m6ksp8FFxvdI_FGe35uU40G553-WUjNNmj1TH4rigqGsVyXFgpS9qbdfejOQZspkbMoqkhY.d4tiiEcqhKM5qnDdhokDZKEWu9GMRMJupSN5MwuAlsXZw-8gAXLOmBfE7V6ufl8VWq493l7K91QjgUf9ZpXBhw&_sg%5B1%5D=yn6hnWXYfLsQkrIRXZRz6KI-czQxBjefXKeIJkMkArohbGfmyoy6XVOHNGcDVwiqLsCAbiQ.v9J64tEFbqZnBND_QykvFB6wuBosrt5PgvwD8EG734PJ3EnusKF8zDpIKgp9b3ATMRmC3V5KMY-M97xcKb1iAQ
https://scholar.google.com.ua/scholar?q=Celik,+H.,+Maman,+M.,+%26+Babagil,+A.+(2018).+HCA+isoenzyme+inhibitory+activities+of+Schiff+bases+derived+from+cinnamaldehyde+and+P-methoxycinnamaldehyde&hl=uk
https://doi.org/10.1016/j.jare.2010.05.004
https://doi.org/10.1016/j.jare.2010.05.004
https://scholar.google.com.ua/scholar?hl=uk&as_sdt=2007&q=Da+Silva%2C+C.M.%2C+Da+Silva%2C+D.L.%2C+Modolo%2C+L.V.%2C+Alves%2C+R.B.%2C+de+Resende%2C+M.A.%2C+Martins%2C+C.V.B.%2C+%26+de+F%C3%A1tima%2C+%C8%82.+%282011%29.+Schiff+bases%3A+A+short+review+of+their+antimicrobial+activities&btnG=
https://doi.org/10.1007/978-3-319-07962-2
https://scholar.google.com/scholar_lookup?title=Chemistry+of+1,2,3-triazoles&author=Dehaen,+W.&author=Bakulev,+V.A.&publication_year=2015
https://scholar.google.com/scholar?q=%D0%95%D0%B3%D0%BE%D1%80%D0%BE%D0%B2+%D0%9D.+%D0%A1.++%D0%9E%D1%81%D0%BD%D0%BE%D0%B2%D1%8B+%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D1%8F+%D0%BE%D0%B1+%D0%B0%D0%BD%D1%82%D0%B8%D0%B1%D0%B8%D0%BE%D1%82%D0%B8%D0%BA%D0%B0%D1%85+1969&hl=uk&as_sdt=0,5&as_vis=1
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hsu%20CW%5BAuthor%5D&cauthor=true&cauthor_uid=30669421
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20TE%5BAuthor%5D&cauthor=true&cauthor_uid=30669421
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lo%20KY%5BAuthor%5D&cauthor=true&cauthor_uid=30669421
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20YL%5BAuthor%5D&cauthor=true&cauthor_uid=30669421
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6356484/
https://doi.org/10.3390/ma12020307
https://doi.org/10.3390/ma12020307
https://pubmed.ncbi.nlm.nih.gov/30669421/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6356484/
https://scholar.google.com/scholar?hl=uk&as_sdt=2005&sciodt=0%2C5&cites=8009054261603760662&scipsc=&q=Hsu%2C+Ch.-W.%2C+Chen%2C+T.-E.%2C+Lo%2C+K.-Y.%2C+%26+Lee%2C+Y.-L.+%282019%29.+Inhibitive+properties+of+benzyldimethyldodecylammonium+chloride+on+microbial+corrosion+of+304+stainless+steel+in+a+Desulfovibrio+desulfuricans-inoculated+medium&btnG=
https://scholar.google.com/scholar?hl=uk&as_sdt=2007&q=%D0%9A%D0%B0%D0%BB%D1%96%D0%BD%D1%96%D0%BD+%D0%9C.%D0%86.%2C+%D0%84%D0%BB%D1%96%D1%81%D0%B5%D0%B5%D0%B2+%D0%92.%D0%92.+%D0%91%D1%96%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D1%96%D1%8F+&btnG=
https://www.sciencedirect.com/science/journal/09500618
https://doi.org/10.1016/j.conbuildmat.2017.05.108
https://doi.org/10.1016/j.conbuildmat.2017.05.108
https://doi.org/10.1016/j.conbuildmat.2017.05.108
https://scholar.google.com/scholar?hl=uk&as_sdt=2007&q=Kong%2C+L.%2C+Zhang%2C+B.%2C+%26+Fang%2C+J.+%282017%29.+Study+on+the+applicability+of+bactericides+to+prevent+concrete+microbial+corrosion&btnG=
https://scholar.google.com/scholar?hl=uk&as_sdt=2007&q=Orek%2C+C.%2C+Sarac%2C+K.%2C+Parlak%2C+A.+E.%2C+Koparir%2C+P.%2C+Turkoglu%2C+S.%2C+%26+Koparir%2C+M.+%282018%29.+Synthesis%2C+Structure+Investigation%2C+Spectral+Properties+and+in+Vitro+Antioxidant+Evaluation+of+New+1-%283-Methyl-3-Mesityl%29-Cyclobutyl-2-%285-Thiophen-4-Ethyl-2h-%5B1%2C2%2C4%5DTriazol-3-ylsulfanyl%29etanone&btnG=

ANTIBACTERIAL AND PHYTOTOXIC ACTIVITY OF THE SCHIFF’S BASES OF 5-PHENYL-4-AMINO-3-MERCAPTO-4H-1,2,4-TRIAZOLE... 23

Romanenko, V. |., & Kuznetsov, S. |. (1974). Ekologiya mikroorganizmov presnyh vodojomov
[Ecology of freshwater microorganisms]. Leningrad: Science. [In Russian]

Google Scholar

Smolinska, B., & Cedzynska, K. (2010). lodide for the phytoextraction of mercury contaminated
soil. FEB-Fresenius Environmental Bulletin, 19(12a), 3049-3054.

Google Scholar

Tkachuk, N., Zelena, L., Mazur, P., & Lukash, O. (2020). Genotypic, physiological and biochemical
features of Desulfovibrio strains in a sulfidogenic microbial community isolated from the soil
of ferrosphere. Ecological questions, 31(2), 79-88. doi:10.12775/EQ.2020.016.

Crossref ® Google Scholar

Tongur, S., Yildiz, S., Unal, A., Atalay, K., & Yenikdsker, M. (2017). Toxicity assessment of
analgesics by Lepidium sativum toxicity test method. 2nd International conference on civil
and environmental engineering — ICOCEE 2017 (Nevsehir, Turkey, May 8-10, 2017).
Sahinkaya, S. & Kalipci, E. (Eds.), 1-9.

Tsekhmister, A. V., Pinchuk, L. A., Tkachuk, N. V., Yanchenko, V. O., & Demchenko, A. M. (2012).
Pokaznyky rostu Lepidium sativum L. za prysutnosti 1-aryltetrazolvmisnykh pokhidnykh
1-tetralin-6-il-etanonu [Indicators of growth of Lepidium sativum L. in the presence of
1-aryltetrazole-containing derivatives of 1-tetralin-6-yl-ethanone]. Scientific notes of Ternopil
National Pedagogical University named after V. Gnatyuk. Series: Biology, 3(52), 84—88.
[In Ukrainian]

Google Scholar

Zain, W. S. M., Salleh, N. I. H., & Abdullah, A. (2018). Natural Biocides for Mitigation of Sulphate
Reducing Bacteria. International Journal of Corrosion, 2018, 1-7. doi:10.1155/2018/3567569
Crossref ® Google Scholar

AHTUBAKTEPIANTIbHA TA ®ITOTOKCUYHA AKTUBHICTb OCHOB LUN®®A
5-®EHIN-4-AMIHO-3-MEPKANTO-4H-1,2,4-TPNA30IJ1Y 3 HJOHOPHUMMU
3AMICHUKAMW Y 4-VE NONOXEHHI FTETEPOCUCTEMMU

H. B. Tkauyk', B. O. SsIH4eHko', A. M. [JeM4yeHKO>

" HayioHanbHuli yHieepcumem “YepHiziecbkuli koneziym” imeHi T. I'. LLleg4eHka
syn. lfembmaHa lNMonybomka, 53, Yepnieie 14013, YkpaiHa

2 HixxuHcbkuli OepxxaeHuli yHisepcumem imeHi Mukosu lozons
syn. pagpebka, 2, HixxuH 16600, YepHieiscbka obriacmeb, YkpaiHa

BeTyn. Tpuasonu Ta ocHoBm LLndda matoTb BUCOKY BionoriyHy akTMBHICTb. Ons
NPaKTUYHOIO BUKOPUCTAHHA NOXIOHUX BaXNMBa IXHS HU3bKa TOKCUYHICTb. MeTa poboTn —
aocnignTn aHTnbakTepianbHi Ta iToToKCUYHI BnacTMBOCTI ocHoB LLUndda 5-ceHin-4-
amiHo-3-mepkanTo-4H-1,2,4-Tpnasony 3 JOHOPHUMWU 3aMiCHUKaMW Yy 4-My MOMOXEHHI
reTepocucTeMMm.

Matepianu Tta Metogu. lig yac pocnigxeHHss aHTubakTepianbHOI aKTUBHOCTI
NOXiOHUX 9K TECT-KyNbTypu MIKpOOpPraHiamiB BUKOPUCTAHO 4-A€HHiI KOPO3iMHO aKTUBHI
acouiaTMBHI KynbTypy aMoHidikyBanbHUX i cynbdaTBigHOBNIOBaNbHUX bakTepin. YyT-
nuBicTb BGakTepin 4O NOXiAHMX JocnigpKyBanu Audy3iiHMM MeTO40M B arap i3 3acTocy-
BaHHAM CTEPUNbHUX NanepoBMX OWUCKIB 3a CTaHAapTHOK MeToauKorw. Y xomi Aocni-
OXKEHHS DITOTOKCUYHOI aKTMBHOCTI NoxigHux Lepidium sativum L. copty “Axyp” 6yB
BMKOPUCTaAHUI SIK TECT-poCnMHa. Bu3HauyeHo CXoXicTb HacCiHHA Ta BGioMeTpuYHi nokas-
HUKM (OOBXWHA, Bara HaA3eMHOI YaCTMHM Ta KOPEHIB) 5-O€HHMX NPOPOCTKIB, pO3paxo-
BaHO (PITOTOKCUYHY Aito noxiaHuxX. EkcnepumeHTanbHi gaHi 06pobneHo 3 BUKOPUCTaH-
HAM MeToAiB MaTeMaTUYHOT CTaTUCTUKMW.
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Pe3ynbTaTn. 3’siCOBaHO, WO BBEAEHHSA 3aMiCHMKIB He 3abesnedye NigBULLEHHS
aHTMbaKTepianbHMX BMAcTUBOCTEN AOCMIAKYBAHUX CMOMYK LLOAO KOPO3iIAHO aKTUBHUX
aMOHidikyBanbHUWX i CcynbaTBigHOBMOBaNbHNX OakTepi. HM3bKy akTUBHICTb crnocTe-
piranu LWopo acouiaTMBHOI KynbTypy aMoHidikyBarnbHMUX BakTepin y cnonyku 6e3 3amic-
HUKIB Y dpeHinbHOMY dparMeHTi Ta CMonyku 3 3aMiCHUKOM OnyopoM Yy eHifbHOMY
dparmeHTi 3a KoHueHTpauii 2,0%. lNoxigHi 3 MeTOKCUIbHUM 3aMiCHMKOM Ta 3 rigpo-
KCUIIBHUM 3aMiCHUKOM y (DeHinbHOMY dparMeHTi He BUSABNANM aHTMOakTepianbHOi
aKTVMBHOCTI LIOAO OOCNISKYBaHOI KynbTypy amoHicikyBanbHux 6aktepii. AHTUbakTe-
pianbHOI Aii woao cynbdaTtBigHOBMOBaNbHUX GakTepin Ans NOXiAHWX He BUSIBMEHO.
@ITOTOKCUYHI BNacTMBOCTI Oynu Big3HaYeHi ANst CMONYKW 3 FAPOKCUITbHUM 3acTyMHU-
KOM, sika BnnMBana Ha nokasHWKMN NpoLecy poCTy TECT-POCIMHMN.

BucHoBkK. BBegeHHA enekTpOHO-AOHOPHUX 3aMiCHUKIB y ©a30By CTPYKTYpy He
3abe3neyvnno niaBuLLEHHS aHTUbakTepianbHNUX BNAacTUBOCTEN LLOAO KOPO3iAHO aKTUB-
HUx BakTepin. PITOTOKCUYHI BNACTUBOCTI CriocTepirany Ans Cromnyku 3 rigpoKCUIbHUM
3aMiCHUKOM Y beHinbHOMY (bparMeHTi, sika BnnuBana Ha npouecu pocty L. sativum,
iHriOyrOYM piCT HaA3eMHOI YacTMHM Ta KOPiHHSA. IHWI cnonyku abo He nposiBunu gji, abo
Manu criabke CTUMYMOBaHHSA POCTY 1 PO3BUTKY TECT-POCITUHMN.

Knrovoei ciroea: amoHicikyBanbHi 6akTepii, 6aktepuumamn, Lepidium sativum L.,
giToTecT, cynbdaTBigHOBNOBanbHi 6akTepii, ocHoBu LWundda
5-heHin-4-amiHo-3-mepkanTto-4H-1,2,4-Tpruasony
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