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We have found that new derivatives of 2-amino-5-benzylthiazole possess cytotoxic
action towards human tumor cells (Finiuk et al., Biopolym. Cell, 2017; Finiuk et al., Ukr.
Biochem. J., 2018). A release of the chemotherapeutic drugs into the environment may
cause adverse effects towards ecosystems. To promote further these derivatives as po-
tential anticancer agents, it was necessary to evaluate their genotoxicity and acute toxi-
city, namely in plants that have an important trophic level in ecosystems. To do that, we
used towards plant bioassays for new derivatives of N-(5-benzyl-1,3-thiazol-2-yl)-3,5-di-
methyl-1-benzofuran-2-carboxamide (compound 1) and 2,8-dimethyl-7-(3-trifluoromethyl-
benzyl)pyrazolo[4,3-e]thiazolo[3,2-a]pyrimidin-4-one (compound 2). Allium cepa ana-telo-
phase assay was applied to monitor the genotoxicity of the studied compounds. Besides,
the acute toxic effects such as inhibition of cell division, seed germination and growth of
Allium roots were estimated. The compound 1 (10 uM) in concentration equal to the IC,,
for tumor cells, and compound 2 in 1 uM (1x concentration, equal to the IC,, for tumor
cells) and 10 uM (10x concentration) did not possess acute toxicity towards Allium cepa.
A significant inhibition of root growth and seed germination effects were detected at using
the compound 1 only in dose that is 10 times higher than the IC,, for tumor cells. The ana-
telophase assay did not reveal the genotoxic effect of the compounds 1 (10 uM) and
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2 (1 and 10 uM). The compounds 1 (10 uM) and 2 (1 and 10 uM) did not affect the mi-
totic and phase (prophase, metaphase, anaphase, telophase) indices. A commercial
anticancer drug Doxorubicin (0.1 and 1 uM) possessed a significant inhibitory effect on
root growth and seed germination, mitotic index and enhanced a level of chromosomal
aberrations in Allium cepa. The compound 1 at 10 uM and compound 2 at 1 uM and
10 uM did not possess a significant acute toxicity (inhibition of cell division, seed germi-
nation and growth of Allium roots), did not demonstrated the genotoxic effects (induction
of chromosomal aberrations) in Allium bioassay. These results give primary evidence
about a possibility of using the synthetic 2-amino-5-benzylthiazole derivatives —
compounds 1 and 2 — as novel antineoplastic agents that will have no negative side
effects in the treated plant organism. Additional experiments should be performed in
order to evaluate the adverse effects of new derivatives of 2-amino-5-benzylthiazole in
a vide spectrum of the concentrations for the prediction of environmental toxicity and
genotoxicity of chemicals.

Keywords: 2-amino-5-benzylthiazole derivatives, genotoxicity, chromosome
aberration, Allium cepa

INTRODUCTION

The inflammation and the metabolic activity can affect cell integrity via modification
of nucleotide bases and/or breaking sugar-phosphate backbone [21]. Many anticancer
drugs (doxorubicin, cisplatin, temozolomide) damage DNA that disrupts cell cycle re-
sulting in its arrest and/or cell death [10, 21]. While the other anticancer drugs (tarceva,
iressa, sutent) affect DNA indirectly. The mainstream of modern chemotherapy is a tar-
geted therapy with a direct action on the pathological cells or tissues without the effect
on healthy ones. It was reported that chemotherapeutic agents may release in the
environment (air, surface waters, sediments and soil) and cause adverse effects (affect
the stability of ecosystems via reducing the viability of species) [16].

New thiazole derivative, namely N-(5-benzyl-1,3-thiazol-2-yl)-3,5-dimethyl-1-ben-
zofuran-2-carboxamide (here noted as compound 1) demonstrated a toxicity against
human glioblastoma U251 cells (IC,, = 9.8+0.82 uM) and human melanoma WM793
cells (IC,, = 7.2£¢0.48 uM) [6], while 2,8-dimethyl-7-(3-trifluoromethyl-benzyl)pyra-
zolo[4,3-e]thiazolo[3,2-a]pyrimidin-4-one (here noted as compound 2) demonstrated
a toxicity against human leukemia cells of HL-60 (IC,, was was 0.09+0.008 uM), against
Jurkat and K562 lines (IC,, was approximately 1 uM) [7]. IC,, of compounds 1 and 2 for
pseudo-normal cells was 3.2-30 uM [6, 7]. Besides, it was shown that the compound 1
induced apoptosis and DNA damage, affected a transition of G2/M phase of cell cycle
in human glioblastoma U251 cells [8, accepted]. Thus, the compounds 1 and 2 can be
potential anticancer agents. However, the genotoxicity of these derivatives stays not
studied. Furthermore, there is no information on their ecotoxicilogical effects.

That is why, studying general toxicity and genotoxicity of the anticancer drugs are
important for improving their therapeutic action and environmental safety.

Various bioassays have been applied for measuring the genotoxicity of different
agents. Here, cytotoxicity assay and ana-telophase test in Allium cepa were chosen for
screening the acute toxic and genotoxic effects of novel compounds 1 and 2. The higher
plants have an important trophic level in ecosystems [17]. The A. cepa was found as
a convenient test system with stable number of chromosomes, visible mitotic phases for
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detection of genotoxins effect on the level of chromosomal abformalities [4]. Ana-telo-
phase test in the mitotic root cells of Allium cepa is widely used plant bioassay in the
genotoxicity studies. This test has been applied to investigate genotoxicity of different
chemicals [3, 11, 14, 15], anticancer drugs, for example, cisplatin, 5-fluorouracil, ima-
tinib mesylate [17], gambogic acid [20], alkylating agents (ethyl methanesulphonate),
and methyl methanesulphonate [5, 14], food synthetic flavors [2] and nanoparticles [4,
12, 13, 16]. Bagatini et al. also used Allium cepa test to evaluate genotoxic effects of
hospital effluent in Brasil. They observed a chromatid bridges, chromosomal disruptions
and micronuclei that indicating environmental toxicity of hospital effluent [1].

Besides, we have studied the impact of the synthesized thiazoles derivatives on the
Allium seed germination and root growth. These parameters are commonly used in the
eco-toxicological investigations [9, 11].

The aim of this study was to investigate if novel synthetic derivatives of the 2-ami-
no-5-benzylthiazole possess an acute toxic and genotoxic action in Allium test.

MATERIALS AND METHODS

Compounds. New thiazole derivatives N-(5-benzyl-1,3-thiazol-2-yl)-3,5-dimethyl-
1-benzofuran-2-carboxamide (compound 1) [6] and 8-methyl-2-Me-7-[3-CF-phenilme-
thyl]pyrazolo[4,3-e][1,3]thiazolo[3,2-a]pyrimidin-4(2H)-ones (compound 2) [7] were syn-
thesized at the Department of Organic Chemistry of lvan Franko National University of
Lviv, Ukraine. 10 mM stock solutions were prepared in the Dimethyl sulfoxide (DMSO,
Sigma-Aldrich, USA), and the working solutions were prepared using distilled water. The
final concentrations of 2-amino-5-benzylthiazole derivatives were chosen based on the
data of their relevant cytotoxic effects on tumor cells (leukemia, glioma, melanoma) [4, 7]:
concentrations that corresponded to IC,, value of compounds for tumor cells were 10 uM
for compound 1 and 1 uM — for compound 2. In addition, the concentrations that are
10 times higher IC,, for tumor cells were analyzed for identifying the damaging effects of
compounds: 10x concentration of compound 1 was 100 and 10 uM — for compound 2.

Sodium azide (150 puM, Sigma-Aldrich, USA) and commercial anticancer drug Doxo-
rubicin (0.1 and 1 uM, Teva, the Netherlands) were used as a positive control compounds.

Impact of the thiazole derivatives on growth of Allium cepa. Toxicity experi-
ments were conducted using A. cepa in a modified assay described in [9]. A. cepa
seeds (15 per each point) were germinated on the studied solutions of the compound 1
(10 and 100 uM) and 2 (1 and 10 uM), sodium azide (150 uM) and Doxorubicin (0.1 and
1 uM) for 3 days at 22 °C. Distilled water was used as a negative control. The root
growth and % of inhibition of seed germination were calculated.

Allium ana-telophase chromosome aberration assay. The Allium cepa genotoxi-
city study was performed, as described previously [19]. The method is based on the de-
tection of chromosomal aberrations that occur in the root of the meristema cells of Allium
cepa L. germinated under the action of studied compounds at two concentrations (equal
to IC,, and 10x IC,, for tumor cells) and positive control compounds (sodium azide
(150 uM) and Doxorubicin (0.1 and 1 uM)). Seeds were germinated at 22 °C during
3 days. The material was fixed in a mixture (3:1) of ethanol and acetic acid (Sfera Sim,
Ukraine) for 24 h, and then stored in 70 % ethanol. Roots were washed in distilled water,
macerated for 10 min in 1 M HCI (Sfera Sim, Ukraine). Cells were analyzed at different
stages of cell cycle at 10x10 under a light microscope (MIKMED 2, LOMO, Russian Fede-
ration). Chromosomes were colored for 15 min by 1 % acetoorseine (Sigma-Aldrich,
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USA). In order to establish cyto- and genotoxicity of studied compounds, we have de-
termined the mitotic index (Ml, %) = (P+M+A+T)/(I+P+M+A+T)x100 %, prophase index
(%) = P/(1+P+M+A+T)x100 % and chromosomal aberrations (CA, %) = N/(A+T)x100 %,
where P is the number of cells in prophase, M — in metaphase, A — in anaphase, T —in
telophase, | —in interphase, N — number of chromosomal aberrations in Aand T phases.
We have analyzed minimal 4,000 cells per each experimental point.

Statistical analysis. All results were analyzed using GraphPad Prism 6. All data
are presented as mean (M) + standard deviation (SD). Statistical analyses were per-
formed using ANOVA test. P value of < 0.05 was considered as statistically significant.

RESULTS AND DISCUSSION

This is the first study of the acute toxic and genotoxic effects of new derivatives
(compounds 1 and 2) of the thiazole. These derivatives were used at concentrations
that corresponded to IC,, value of compounds for tumor cells (1x concentration of the
compound 1 was 10 uM; of 2 — 1 uM) [6, 7] and concentrations that are 10 times higher
IC,, for tumor cells (10x concentration of compound 1 — 100 uM; of 2 — 10 uM).

Table 1 and Fig. 1 demonstrate that the compounds 1 and 2 dose-dependently inhi-
bited root growth. The compound 1 possessed a significant inhibition action (25.2+0.3 %)
on root growth only at 10x concentration (100 uM), while the effect of the compound 2 at
10 uM on the inhibition of root growth was insignificant (16.0£0.3 %). The compounds 1
and 2 at 1x concentrations non-significantly inhibited root growth: compound 1 (10 uM) —
by 15.0+0.1 % compared to the control, and compound 2 (1 uM) — by 13.3+0.1 %.

Table1. Impact of the derivatives of 2-amino-5-benzylthiazole on root growth and seed
germination in Allium cepa bioassay (n =3 )

Tabnuuys 1. BnnuB noxigHUx 2-amiHO-5-0eH3unTiazony Ha piCT KOpPeHA Ta NMPOPOCTaHHA
HaciHHA uubyni Allium cepa (n = 3)

Sample Root length, Inhibition of root Seed germination, Inhi'bitic.m of seed
mm £ SD growth, % + SD % + SD germination, % + SD

Control 19.8+4.9 0 91.1+3.8 0

NaN, (150 uM)  12.3+2.8*** 37.9+0.4** 68.9+3.8** 24 411 .4**
Dox, 0.1 uM 12.0+£1.8*** 39.4+0.3*** 62.2+3.8*** 31.7+2.0%**
Dox, 1 uM 11.2£1. 7%+ 43.2+0.3*** 53.3+6.3*** 41.5+4.9***
(DSI:)ASG%S)'M% 17.7£2.0 10.6+0.6 86.716.7 4.9+0.4
1,10 uM 16.8+2.4 15.0£0.1 82.2+3.8 9.7+0.5

1, 100 uM 14.8+£3.3** 25.2+0.3** 75.6 £ 3.8** 17.1£0.9**
2,1 uM 17.2+4.1 13.3+0.1 84.4+3.8 7.3£0.3
2,10 uM 16.6+3.4 16.0+0.3 77.8 £ 3.8* 14.60.7*

Comments: * - P < 0.05; ** - P < 0.01; *** - P < 0.001
Mpumitkun: *-P <0,05; ** - P <0,01; ** - P < 0,001

We also revealed the inhibition effect of the compounds 1 and 2 on seed germina-
tion. A significant effect on seed germination was detected under the action of the com-
pounds in doses that were 10 times higher than the IC,, (Table 1 and Fig. 1).
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The positive control agents sodium azide (150 uM) and commercial anticancer
drug Doxorubicin (0.1 and 1 uM) caused a significant inhibitory effect on root growth and
seed germination (Table 1 and Fig. 1). For comparison, anticancer agents cisplatin at
21 uM and 5-flurouracil at 21 uM significantly inhibited the root growth of Allium cepa [16].
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Fig. 1. Impact of 2-amino-5-benzylthiazole derivatives on root growth (A) and seed germination (B) in Allium
cepa bioassay. Seeds were germinated on the studied solutions of compounds 1 (10 and 100 uM),
2 (1 and 10 uM), and NaN, (150 uM) at 22 °C for three days. Inhibition of root growth (root growth
inhibition in control was identified as 0 %) and seed germination were calculated to identify the acute
toxicity of the compounds. * — P < 0.05; ** — P < 0.01

Puc. 1. Bnnue noxigHux 2-amiHo-5-6eH3nnTia3ony Ha picT kopeHsi (A) Ta NpopoCTaHHSA HaciHHs (B) umbyni
Allium cepa. HaciHHs unbyni npopotiyBanu y po3duHax gocnimkysaHux pevosuH 1 (10 ta 100 uM),
2 (1 1a 10 uM) i NaN, (150 pM) 3a 22 °C npoTtsirom Tpbox AHiB. [oKa3HWK iHribyBaHHSA POCTYy KOpeHs
(nokasHuK y koHTponi npupiBHSAHO A0 0 %) Ta NPOPOCTaHHSA HAaCiHHS BUKOPUCTOBYBanu AN BU3Ha-
YEHHS TOCTPOI TOKCUYHOCTI pevoBuH. * — P < 0,05; ** — P < 0,01

The results of the ana-telophase assay did not reveal changies in the mitotic index
in Allium meristematic cells under the action of the compounds 1 (10 uM) and 2 (1 uM).
A significant decrease in the mitotic index was found only at the action of compound 1
used in higher dose (100 uM) and positive control agents (sodium azide (150 uM) and
Doxorubicin (0.1 and 1 uM), Table 2).

The 2-amino-5-benzylthiazole derivatives did not cause changes in the prophase,
metaphase, anaphase, and telophase index (Table 2). Doxorubicin at 1 uM significantly
affected prophase, metaphase, anaphase, and telophase index (Table 2). It was re-
ported that anticancer drugs inhibited the cell division of Allium cepa. Significant effects
were detected under cisplatin at =21 uM [16], imatinib mesylate at 210 uM [17], 5-fluro-
uracil and etoposide at 250 uM [16]. An inhibition of the mitotic activity is one of the
parameters of estimating cytotoxicity of various compounds. We suggested that studied
compounds demonstrated their anti-proliferative activity via a suppression of DNA syn-
thesis or cell cycle arrest in G2 phase [18, 20].

Genotoxic properties of compounds resulted structural or numerical chromosomal
aberrations [18, 20]. The level of chromosomal aberrations in control was about
2.310.9 %. Some amount of chromosomal aberrations in control could be explained by
spontaneous mutations in the meristematic cells [20]. We detected insignificant change
in the aberration level to 2.8+1.2 % for compound 1 at 10 uM, to 2.6£1.2 % for com-
pound 2 at 1 uM and 2.9+1.2 % for compound 2 at 10 uM. There was also no significant
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change in the value of the chromosomal aberrations to 3.1+1.5 % at the action of the
compound 1 (100 uM), compared with the negative control (Table 3, Fig. 2).

It should be noted that sodium azide and Doxorubicin (positive control agents) in-
duced much more significant changes in the values of the mitotic index and chromo-
somal aberrations (Tables 2 and 3).

Table 2. Changes in the mitotic and phase (prophase, metaphase, anaphase, telophase)
index under the action of 2-amino-5-benzylthiazole derivatives (n = 3)

Tabnuys 2. MitotuuHum i pasoBuim (Npo-, MeTa-, aHa-, TenodasHum) iHAeKc 3a Aii noxiaHMx
2-amiHO-5-6eH3unTiaszony (n = 3)

T Phase index, % + SD Ml
P M A T % £ SD % to ctrl
Control 86.7+1.5 3.4+0.3 6.2+1.3 3.7%0.1 12.9+0.8 100
NaN, (150 puM) 88.0+0.9 3.3+0.1 5.2+0.7 3.6+0.2 8.8+0.6** 68.4
Dox, 0.1 uM 89.410.5 2.9+0.3 4.7+0.4 3.0+0.2** 8.6+0.8** 66.9
Dox, 1 uM 90.4+0.2* 2.6+£0.3* 4.1£0.2* 2.9+0.2** 7.6x0.2** 59.0
(Dsl\o/llsgr;t?.m % 88.4+0.2 3.1£0.2 5.2+0.4 3.4+0.4 12.5+£0.5 97.0
1,10 uM 87.2+2.0 3.4+0.3 6.0+ 1.1 3.4+£0.6 11.410.9 88.4
1,100 uM 86.5+2.0 3.7£0.5 6.7t 1.5 3.1£0.2 10.9+0.5* 84.1
2,1uM 88.2+0.3 3.8+0.2 5.1£0.6 2.910.3 11.8+0.8 91.2
2,10 uM 87.9+1.6 3.2+0.6 5.7+0.7 3.2+0.6 11.1+0.9 85.8
Comments: Ei— prophase, M — metaphase, A — anaphase, T — telophase, MI — mitotic index; * — P <0.05;
Mpumitkn: P — Ep;%'%%a, M — meTadhasa, A — aHadbasa, T — Tenodasa, Ml — miToTuuHui iHaekc; * — P <0,05;
*»_p <,
Table 3. Impact of 2-amino-5-benzylthiazole derivatives on the induction of chromo-

somal aberrations in Allium cepa (n = 3)

Tabnuus 3. Bnnue noxigHUX 2-aMiHO-5-6eH3uUNTia3ony Ha 4YacToTy XPOMOCOMHUX abepauin
y knituHax Allium cepa (n = 3)

Chromosomal aberrations, %

Sample I —— Bridge Other % of total aberrations (+ SD)
Control 0.6 1.7 - 23+0.9
NaN, (150 pM) 0.8 4.4 1.7 6.9+1.1*
Dox, 0.1 uM 1.7 24 0.7 4.8 +0.6*
Dox, 1 uM 2.6 4.6 1.7 8.9+ 1.5

0,
(DS';AS;S)'M h - 24 - 24+1.1
1,10 uM - 1.5 1.3 28+1.2
1, 100 uM 1.9 0.7 0.6 3.1+£15
2,1uM 0.7 1.9. - 26+1.2
2,10 uM 0.7 22 - 29+12

Comment: ** — P <0.01
Mpumitka: ** — P <0,01
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Fig. 2. Induction of chromosomal aberrations (A), and abnormal chromosomes (B) in Allium cepa meristema
root cells by the derivatives of 2-amino-5-benzylthiazole: 7 — bridge (identified by black arrow) and
sticky metaphase (identified by grey arrow); 2 — fragment (identified by black arrow); 3 — micronuclei
under NaN, effect (identified by black arrow) at 10x10. ** — P <0.01

Puc. 2. Yactota xpomocomHux abepaliii (A) i aHomanii po3xogXeHHs1 XxpoMocoMm (B) y kniTrHax Mmepuctemu
KopiHuiB Allium cepa 3a fii noxigHnx 2-amiHo-5-6eH3unnTiaszony: 7 — MiCT (YopHa cTpinka) i aHopMarnb-
Ha metadpasa (cipi cTpinku); 2 — cdparmeHT (4opHa cTpinka); 3 — mikposapo 3a Aaii NaN, (4opHa
cTpinka) 3a 36inbweHHa 10x10. ** — P < 0,01

The compound 1 at 1x concentration (10 uM) and compound 2 at both 1x and 10x
concentrations (1 and 10 uM, respectively) did not demonstrate acute toxicity in Allium
cepa. A significant inhibition of root growth and seed germination were detected at the
action of the compound 1 used at concentration that was 10 times higher than the IC,,,.
There was no effect of the compounds 1 and 2 revealed as the chromosomal aberra-
tions at analyses of Allium cepa chromosomes at different phases of cell cycle (pro-
phase, metaphase, anaphase, and telophase). The compound 1 at 100 uM (10x con-
centration) significantly changed the mitotic index. We predict that release of compounds
1 and 2 will not cause the adverse effects in plants as the environmental concentrations
of the antineoplastic drugs (5-fluorouracil, cisplatin, etoposide and vincristine) were
mostly 4-5 orders of quantity lower as that cause acute toxic and/or genotoxic effects in
higher plants [16].
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It was reported that the responses of higher plants, animals and other organisms to
the drug release strongly differ [16]. Based on these, data we plan to perform additional
experiments in order to evaluate the adverse effects of new derivatives of 2-amino-
5-benzylthiazole in vide spectrum of the concentrations to the environment and to as-
sess their mutagenic potential.

In conclusion, the compound 1 at 10 uM and compound 2 at 1 uM and 10 uM did
not possess a significant acute toxicity, neither demonstrated the genotoxic effects in
Allium bioassay. We suggest that the concentrations of new 2-amino-5-benzylthiazole
derivatives in soil or waters will not reach the levels required to induce acute toxic or
genotoxic effects at least in plants.
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BcTaHoBNeHO, L0 HOBI MOXiAHI 2-amiHO-5-0eH3nnTia3ony Manu TOKCUYHY Aito Woao
NYXNMHHUX KNITUH Pi3HOro TkaHWHHOro noxomxkeHHs (Finiuk et al., Biopolym. Cell, 2017;
Finiuk et al., Ukr. Biochem. J., 2018). BuBinbHeHHS XximioTepaneBTUYHUX MpenaparTiB
Y HaBKOMNWLLUHE CepenoBULLIE MOXKE CMPUYMHUTU HECTIPUSTIIBUA BNIIMB HA €KOCUCTEMM.
[na noganbLuoro BNpoBamKEHHS LIMX MOXIAHUX SIK MOTEHLINHUX NPOTUNYXITMHHMX areHTiB
HeOobXigHO 3’ACyBaTN NUTaHHS IXHBOT FEHOTOKCUYHOCTI M LIMTOTOKCUYHOMO BNAMBY Ha pOC-
NVHK, SKi BUKOHYIOTb BaXKNmMBY TPOivHy (OyHKLiO B ekocucTemax. MeToto uiei poboTtu
Oyro OUiHUTM NOTEHLiHY FEHOTOKCUYHY aKTMBHICTb HOBMX noxigHux N-(5-6eHs3un-1,3-
Tiason-2-in)-3,5-gumetun-1-6eH3odypax-2-kapbokcamig (1) i 2,8-aumeTnn-7-(3-tTpudpTtop-
meTun-6eH3un)nipasonol4,3-e]tiazono [3,2-a]nipumianH-4-oH (2). Y poboTi BUKOPUCTOBY-
Banu Allium cepa aHa-TenodasHun TeCT ANsi BU3HAYEHHSI reHOTOKCUYHOCTI AOCHioKyBa-
HUX PEYOBMH. TakoX OLjiHIOBany rocTpi TOKCUYHI edPekT 3a NokasHUKamMm iHribyBaHHS
noainy KnituH, NPOPOCTaHHSA HaCiHHA Ta pocTy KopeHiB Allium cepa. PeyosnHa 1 (10 mxM)
i pedoBrHa 2 (11 10 MKM) He CNPUYMHANM LMTOTOKCUYHOTO eddekTy wwoao A. cepa. Pevo-
BuHa 1y KoHueHTpauii 100 mkM, ska B 10 pasis nepesuLLye 3HaveHHs IC,, ANa NyxnuH-
HUX KMITUH, CNPUYUHSANA OOCTOBIPHE iHriGyBaHHS POCTY KOPEHIB i MPUrHiYEHHS NMPopoC-
TaHHSA HaciHHS umbyni. Pesynstatn aHatenodasHoro aHanidy BkasytoTb Ha BiACYTHICTb
reHOTOKCUYHOI Aii peyoBuH 1y KoHUeHTpauii 10 MkM Ta 2 y koHueHTpauisx 1i 10 mkM.
PeuoBuHm 1 (10 mkM) i 2 (1 i 10 MKM) He iHAYKYIOTb 3MEHLLEHHSA MITOTUYHOTO iHOEKCY Ta
He BNNMBaloTb Ha NpPo-, MeTa-, aHa- i TernodasHun iHaekcn. KomepuinHo 4OCTynHUA Npo-
TMNyxnuHHUA npenapat Jokcopy6iumH (0,1 i 1 MkM) JOCTOBIpHO MpuUrHidyBaB NpoOpoOC-
TaHHs HaciHHA Allium cepa, iHribyBaB piCT KOPEHiB, MITOTUYHWI piBEHb i NiaBWLLYBaB pi-
BEHb XpOMOCOMHMX abepadin. PeyoBnHmn 1 i 2 y Aiana3oHi KOHUEHTpaLin, ski Bignosiga-
t0Tb 3HayeHHo IC,, ANa NyXNUHHKX KNiTWH, a Takox 2 y Ao3i, ska B 10 pasis nepesuLlye
3HaveHHs IC,, ANa NyXMUHHKX KNiITUH, HE NPOSBAANW LMTOTOKCUYHY (iHriByBaHHS noginy
KNiTVH, NPOPOCTaHHSA HaciHHA | poCTy kopeHiB Allium cepa) Ta reHOTOKCUYHY aKTUBHOCTI
(nigBYLWEHHS piBHS XxpoMocoMHMX abepauin) B Allium Tecti. OgepxaHi pesynsratv 4atTb
NEPBUHHY iHOPMaLLit0 MPO MOXIMBICTb BUKOPUCTAHHSA CUHTETUYHUX MOXIAHUX 2-aMiHO-
5-6eHaunTiazony — crnonyk 1 i 2 — 5K HOBUX @HTMHEOMTACTUYHUX YMHHUKIB, L0 HE MaTK-
MYTb HeraTMBHux NobiuHMX BNMMBIB Ha pocnuHU. HeobxigHO NpoBECTM 4OOAaTKOBI ekcne-
PUMEHTU A1 OLiHKM HECNPUATIIMBOTO BNAMBY HOBMX NOXiAHUX 2-aMiHO-5-6eH3unTiasony
B LUMPOKOMY CMNEKTPi KOHLEHTPAaLi AN NPOrHO3yBaHHSA €KONOriYHOI TOKCUYHOCTI 1 reHo-
TOKCUYHOCTI JOCTIiAXKYBaHNX PEYOBUH.

Knrovoei crioga: noxigHi 2-amiHO-5-6eH3unTiaszony, reHOTOKCUYHICTb, XPOMOCOMHI
abepauii, Allium cepa
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