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Background. The search for optimal methods of selective and integral determina-
tion of various cytotoxic compounds in biological fluids and tissues, which would have
high sensitivity and allow for quick and reliable assessment and detection of potentially
cytotoxic components of substances with biologically active action, remains relevant
today. It is known that chemotherapeutic agents can be released into the environment
(air, surface water, sediments and soil) and cause adverse consequences (impact on the
stability of ecosystems due to reduced viability of species). The aim of this work was to
investigate the effect of thiazole derivative N-(5-benzyl-1,3-thiazol-2-yl)-3,5-dimethyl1-
benzofuran-2-carboxamide (BF1) conjugated with PEG-based polymeric nanoparticles
(PEG-PN —Th1) on genotoxicity and acute toxicity in allium bioassay.

Materials and Methods. Allium cepa ana-telophase assay was applied to monitor
genotoxicity of the studied compounds. The acute toxic effects such as inhibition of cell
division, seed germination and growth of Allium roots were estimated. A. cepa seeds
(15 per each point) were germinated on the studied solutions of BF1, Th1 and Th2 (10 uM)
for 5 days at 22 °C. The root growth and the percentage of inhibition of seed germination
were calculated. In order to establish cyto- and genotoxicity of the studied compounds, we
have determined the mitotic index and the relative amount of chromosomal aberrations.

Results. BF1 had a significant inhibitory effect on root growth and seed germination
at a concentration of 10 yM. The effect was eliminated when it was influenced by BF1
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complex with a polymeric carrier. The free polymer does not have a negative effect on
the studied parameters either. A significant decrease in the mitotic index and increase
in the percentage of chromosomal aberrations was observed under the action of BF1
at a concentration of 10 uM. There was no significant change in the value of mitoitic
index and percentage of chromosomal aberrations under the action of Th2 complex or
polymeric carrier Th1.

Conclusions. The thiazole derivative in complex with a polymeric carrier at a con-
centration of 10 uM did not show acute toxicity in Allium cepa bioassay. Polymer carrier
based on polyethylene glycol neutralized the negative effect of BF1 on the mitotic and
phase indices of Allium root meristem cells; it also decreased the percentage of chro-
mosomal aberrations.

Keywords: thiazole derivative, polymeric nanocarrier, genotoxicity, chromosome
aberration, Allium cepa

INTRODUCTION

Chemotherapeutic drugs have revolutionized cancer treatment by selectively tar-
geting and destroying cancer cells. However, the efficacy of these drugs often comes
with the potential unintended consequences. One significant concern is genotoxicity —
the ability to cause damage to the genetic material — associated with chemotherapeutic
agents (Kamat et al., 2014). Genotoxic effects of chemotherapeutic drugs can have
significant implications for both cancer cells and healthy tissues, potentially leading to
secondary malignancies, genomic instability, and adverse long-term effects (May et al.,
2018). Understanding the genotoxicity profiles of chemotherapeutic agents allows clini-
cians to better predict and manage potential risks, striking a balance between therapeu-
tic benefits and genotoxic consequences.

Genotoxicity can be caused by various mechanisms including direct DNA damage,
interference with DNA replication and repair processes, and the generation of reactive
oxygen species (Swift et al., 2022). The extent of genotoxicity can vary among differ-
ent chemotherapeutic drugs and is often dose-dependent. For example, Doxorubicin,
an anthracycline antibiotic used in atment of many cancers, is known to exhibit geno-
toxicity. It intercalates with DNA and inhibits topoisomerase I, causing DNA damage
and double-strand breaks (Hajra et al., 2018; Manjanatha et al., 2013). Cisplatin,
a platinum-based chemotherapy drug, exerts its anticancer effects by binding to DNA
and forming DNA adducts. This binding can cause DNA cross-links and intrastrand and
interstrand DNA breaks, leading to genotoxic effects (Azab et al., 2019). Doxorubicin-
and Cisplatin-induced genotoxicity can result in chromosomal aberrations, DNA adduct
formation, and DNA repair pathway disruption.

Chemotherapeutic drugs can also exhibit acute toxicity, which refers to the adverse
effects that occur shortly after drug administration. Acute toxicity can affect various organs
and systems in the body and may occur due to the drug’s intended cytotoxic effects on
rapidly dividing cancer cells, as well as its impact on some healthy cells (Malton, 2019).

It is important to note that the balance between therapeutic efficacy and toxicity
is carefully considered in chemotherapy regimens. The potential for genotoxicity and
acute toxicity must be weighed against the potential benefits of the treatment in order to
provide the most effective and safe therapy for patients.

It was found that new derivatives of N-(5-benzyl-1,3-thiazol-2-yl)-3,5-dimethyl-1-
benzofuran-2-carboxamide (BF 1) possess cytotoxic action towards human tumor cells
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(Finiuk et al., 2018). On the other hand, BF1 conjugated with novel polymeric nanopar-
ticles based on polyethylene glycol (PEG-PN) to increase its solubility exhibited a higher
level of cytotoxicity towards specific tumor cell lines than the pure (unconjugated) thia-
zole derivative or/and Doxorubicin (positive control) (Finiuk et al., 2021).

It was known, that BF1 (10 mM) in concentration equal to the IC,, for tumor cells
did not possess acute toxicity towards Allium cepa, while a significant inhibition of root
growth and seed germination effects were detected at using BF1 only in the dose that
is 10 times higher than IC,, for tumor cells (Finiuk et al., 2018).

The aim of this work was to investigate the effect of thiazole derivative BF1 con-
jugated with PEG-based polymeric nanoparticles (PEG-PN — Th1) on genotoxicity and
acute toxicity in Allium bioassay.

MATERIALS AND METHODS

Compounds. BF1 and 8-methyl-2-Me-7-[3-CF-phenilme-thyl]pyrazolo[4,3-e][1,3]
thiazolo[3,2a]pyrimidin-4(2H)-ones (PP 2) (Finiuk et al., 2017) were synthesized at the
Department of Organic Chemistry of lvan Franko National University of Lviv, Ukraine.
PEGcontaining carrier (poly(VEP-co-GMA)-graft-mPEG (Th1)) was synthesized at the
Department of Organic Chemistry of Lviv Polytechnic National University, as described
earlier (Finiuk et al., 2017; Mitina et al., 2020). Water dispersions of polymeric carrier —
Th1 and the complex with BF1 derivative was dissolved in dimethyl sulfoxide (DMSO)
and the solutions were subsequently transferred into water (Th2).

Impact of the studied compounds on growth of Allium cepa. Toxicity experi-
ments were conducted using A. cepa in a modified assay described in (Fiskesjo, 1997).
Allium cepa seeds (15 per each point) were germinated on the studied solutions of BF1,
Th1 and Th2 (10 uM) for 5 days at 22 °C. Distilled water was used as a negative control.
The root growth and the percentage of inhibition of seed germination were calculated.
The total number of experiments was three (n = 3).

Allium ana-telophase chromosome aberration assay. The Allium cepa geno-
toxicity study was performed, as described previously (Rank & Nielsen, 2004). The
method is based on the detection of chromosomal aberrations that occur in the root
of the meristema cells of Allium cepa L. germinated under the action of the studied
compounds. Seeds were germinated at 22 °C for 5 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 magnification under a light microscope. Chromosomes were colored for 15 min
by 1 % acetoorseine (Sigma-Aldrich, USA). In order to establish cyto- and genotoxicity
of the studied compounds, we have determined the mitotic index (MI, %) = (P+M+A+T)/
(I+P+M+A+T)-100 %, prophase index (%) = P/(I+P+M+A+T)-100 % and chromosomal
aberrations (CA, %) = N/(A+T)-100 %, where P is the number of cells in prophase, M —
in metaphase, A — in anaphase, T — in telophase, | — in interphase, N — the number of
chromosomal aberrations in Aand T phases. We have analyzed minimal 1,000 cells per
each experimental point.

Statistical analysis. All results were analyzed using Microsoft Office Excel. All
data are presented as mean (M) + standard error (m). Statistical analyses were per-
formed using ANOVA test. P value of < 0.05 was considered as statistically significant.

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e bionoriyni CTygaii / Studia Biologica e 2023 e Tom 17 / Ne 3 e C. 23-32



26 Yaryna Shalai, Khrystyna Savaryn, Marta llkiv et al.

RESULTS AND DISCUSSION

The results of the effect of BF1 on the root growth are presented in Table 1 and
Figure 1. It was found that the compound BF1 inhibits root growth. BF 1 had a significant
inhibitory effect (24.1 %, P <0.01) on root growth at a concentration of 10 uM, while in
complex with a polymer carrier Th2 at a concentration of 10 yM the substance had no
effect on root growth. The free polymer Th1 had no negative effect on Allium cepa root
growth either.

The percentage germination of Allium seeds was investigated. It was established
that under the action of BF1 at a concentration of 10 uM, seed germination was at the
level of 80 %, while in the control this indicator was 93 %. The complex of BF1 com-
pound with a polymeric carrier and the free polymer did not affect the studied parameter.

It was established that BF1 compound at a concentration of 10 uM slightly inhibited
the growth of Allium onion seeds (by 14 %, respectively, P <0.05). At the same time,
this effect was eliminated when it was influenced by the BF1 complex with a polymeric
carrier. The free polymer did not have a negative effect on the studied parameter either.

Table1. Impact of the derivative of 2-amino-5-benzylthiazole and it complex with polymeric
nanocarrier on root growth and seed germination of Allium cepa (n = 3 experiments)

Sample Root length, Inhibition of root Seed germination, Inhibiti_on Qf seed
mm (M m) growth, % % (M £ m) germination, %
Control 25.3+2.9 0 93.31£3.2 0
BF1, 10 uM 19.2+1.7 24 .1** 80+2.1* 14.3*
Th1, 10 uM 26.1+2.1 0 89.6+2.6 7.2
Th2, 10 uyM 24.2+1.8 4.4 86+2.4 23

Comments: * — P <0.05; ** — P <0.01

BF1 compound slightly inhibited seed germination at a concentration of 10 uM by
13% (P <0.05). However, there was no significant inhibition of seed germination under
the action of BF1 in complex with a polymer carrier. But the most expressive effect was
observed when examining root growth. In particular, unconjugated BF1 inhibited root
growth by 24 % (P <0.01). This inhibitory effect was significantly reduced to 4 % when
the complex of BF1 with a polymeric carrier was studied (Fig. 1).

30 +
25 + } I
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<
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o
§ 10 + Fig. 1. Impact of 2-amino-5-benzylthiazole
o derivative on root growth in Allium
51 cepa. Seeds were germinated on the
studied solutions of compounds BF1,
Th1 and Th2 (10 uM) at 22 °C for five
0 days. * — P <0.05; ** —P <0.01;n = 3

Control BF1 Th1 Th2 experiments
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The results of the ana-telophase analysis revealed significant changes in the mitotic
index in the meristematic cells of Allium under the influence of BF1 (10 uM). A significant
decrease in the mitotic index was observed under the action of the substance at a con-
centration of 10 uM (by 20%).

The 2-amino-5-benzylthiazole derivative reliably caused a decrease in the meta-
phase and telophase index, but did not affect the prophase and anaphase indices
(Table 2). However, despite the inhibitory effect of BF1, this effect disappeared when
the indices of root cells grown on solutions of the BF1 complex with the polymer were
calculated. The free polymer did not affect the studied indicators either.

Table 2. The mitotic and phase (pro-, meta-, ana-, telophase) index under the action of
2-amino-5-benzylthiazole derivative in complex with polymeric carrier (n =1000 cells)

Phase index, % Ml

Sample p M A T %
Control 84.3 3.8 6.3 5.6 13.6
BF1, 10 uM 90.1 1.3%* 5.7 2.9 10.8*
Th1, 10 uM 84 4.2 6.1 5.7 12.4
Th2, 10 pM 86.1 3.3 5.7 4.9 14.8

Comments: P — prophase, M — metaphase, A — anaphase, T — telophase, Ml — mitotic index; * — P <0.05;
** — P <0.01; data are presented as M £ m

Genotoxic properties of compounds resulted in structural and/or numerical chro-
mosomal aberrations (Swift & Golsteyn, 2014). The level of chromosomal aberrations in
control was about 1.8+0.9 %. Some amount of chromosomal aberrations in control could
be explained by spontaneous mutations in the meristematic cells (Shetty et al., 2017).
We detected insignificant change in the aberration level to 3.1+1.2 % for BF1 at 10 uM
(Fig. 2). There were no significant changes in the value of the chromosomal aberrations
at the action of Th2 complex or polymeric carrier Th1. It should be noted that sodium
azide and Doxorubicin (positive control agents) induced much more significant changes
in the values of the mitotic index and chromosomal aberrations (Finiuk et al., 2018).

Anticancer drugs are known to inhibit Allium cepa cell division. Significant effects
were found due to the action of cisplatin at a concentration of 21 uM, imatinib mesylate
210 uM (Pichler et al. 2014), 5-fluorouracil and etoposide at a concentration of 250 yM
(Misik et al., 2014). Inhibition of mitotic activity is one of the parameters for evaluating
the cytotoxicity of various compounds. N. Finiuk et al. (2018) show that Doxorubicin at
1 UM significantly reduced the indices of prophase, metaphase, anaphase and telo-
phase. Thus, it was reconfirmed that anticancer drugs inhibit Allium cepa cell division.

The mitotic index (MI), characterized by the total number of cells dividing in the
cell cycle, has been used as a parameter to assess the cytotoxicity of some agents.
The cytotoxicity levels of an agent can be determined by increasing or decreasing the
MI (Pichler et al. 2014). According to D. Leme & M. Marin-Morales (2009), MI signifi-
cantly lower than in the negative control may indicate changes originating from chemical
action on the growth and development of organisms. On the other hand, Ml higher than
in the negative control is the result of an increased cell division, which can be harmful to
the cells, leading to disordered cell proliferation and even the formation of tumor tissues.
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Aberration frequency (%)
N

Control BF1 Th1 Th2

Fig. 2. Induction of chromosomal aberrations (A), and typical photos of abnormal chromosomes (B) in
Allium cepa meristema root cells by BF1: 17 — bridge; 2 — and sticky metaphase; at 10x10. ** —
P <0.01

BF1 caused changes in the mitotic index, metaphase and telophase indices, but
did not affect the prophase and anaphase indices. It is important that BF1 in complex
with a polymer carrier at a concentration of 10 yM did not show acute toxicity in Allium
cepa. At the same time, a significant inhibition of root growth and seed germination
under the action of unconjugated BF1 at a concentration of 10 yM was revealed. We
presume that the release of BF1 complexes will not cause such a negative effect on
plants as environmental concentrations of anticancer drugs (5-fluorouracil, cisplatin,
etoposide, and vincristine), mostly by 4-5 orders of magnitude.

Many anticancer drugs being effective in killing tumor cells are also highly toxic to
healthy body tissues. Among several strategies to reduce the toxicity of chemothera-
peutic agents, a targeted drug delivery is the most promising one. BF1 compound at
a concentration of 10 uM inhibited root growth and seed germination, as well as changed
mitotic and phase indices of Allium cells. The polymer carrier based on polyethylene
glycol neutralized the negative effect of BF1 on root growth, seed germination and the
mitotic and phase indices of Allium root meristem cells. Besides, a decrease in the per-
centage of chromosomal aberrations was observed under the action of BF1 complex
with the polymer carrier.
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Itis known that the toxicity of some anticancer drugs on healthy cells can be reduced
if they are encapsulated in a polymer carrier. Ningxi Li et al. (2020) observed a decrease
in toxicity to non-tumor cells and acute toxicity to mice of the drug Sorafenib after the
drug was encapsulated in a polymeric carrier. It is important that the drug’s toxicity to
tumor cells remained high. Such a decrease in the toxicity of the drug was due to the
fact that the complex of Sorafenib and the polymer carrier showed activity only at acidic
pH values, which is characteristic of the tumor microenvironment.

It is worth noting that the toxicity of BF1 did not decrease when the complex acted
on tumor cells (Finiuk et al., 2021). Therefore, the leveling of the inhibitory effect of BF1
on Allium cells is due to the dependence of the complex on the pH value.

Therefore, complexes of thiazole derivative with polymeric nanocarriers are prom-
ising antitumor agents with high efficiency and safety.

CONCLUSION

Thiazole derivative BF1 in complex with PEG-based polymeric nanocarrier Th1 did
not induce acute toxicity. This complex had no negative effect on the mitotic and phase
indices of Allium root meristem cells and reduced the percentage of chromosomal aber-
rations compared to the influence of the unconjugated BF1.
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FTEHOTOKCUYHICTb | FOCTPA TOKCUYHICTb 2-AMIHO-5-BEH3UINTIA30NY
B KOMMJEKCI 3 MONIMEPHUM HAHOHOCIEM Y BIOTECTI ALLIUM

SlpuHa LWanai', Xpucmura CaeapuH', Mapma Inbkie', FOpili Ocmaniok’,
Hamaniss Mimina?, OnekcaHOp 3aiyeHko? Bipa Byd3ur®, AHOpili Babcbkuli'

' Jlbeiecbkuli HaujoHanbHUU yHieepcumem imeHi leaHa ®paHka

syn. lpywescbkoeo, 4, Jlbeie 79005, YkpaiHa

2 HauioHanbHuli yHisepcumem ,Jlbsigscbka rnonimexsika”, nn. ce. Opa, 9, Jibeie 79013, YkpaiHa

3 Jlbsiscbkuli OepxasHull yHieepcumem ¢hi3uyHoI Kyrnbmypu imeHi leaHa 5obepcbko2o
syn. Kocmrwuwka, 11, Jibeie 79007, YkpaiHa

AxTyanbHicTb. Ha cborogHilWwHii OeHb 3anvwaeTbCs akTyanbHUM MOLYK ONTu-
MarnbHVWX METOAIB CEMEeKTMBHOTO BM3HAYEHHSI Pi3HOMAaHITHUX LIMTOTOKCUYHMX CMOMyK
y BionoriyHMx piguMHax i TKaHuHax, siki © Many BMCOKY YyTNMBICTb i AaBann MOXIMBICTb
LIBMAKO Ta HaAIMHO OLiHIOBATM | BUSBNATU NOTEHLIMHO LIUTOTOKCUYHI KOMMOHEHTU PeYo-
BMH BiONorivyHO akTMBHOI Aii. BigoMo, Wo ximioTepaneBTUYHI NpenapaTn MOXyTb noTpa-
NNSTU B HABKOMULLHE cepenoBuLLe (NOBITPS, MOBEPXHEBI BOAW, I'PYHT) i 3ymMOBIOBaTH
HEeCnpUATIMBI HacnigKkW, 30KpemMa? BNAvMBaTV Ha CTabiNbHICTb €KOCMCTEM 4Yepes 3HU-
XKEHHS1 XUTTE3gaTHOCTI BuaiB. MeTtoo pobotu Oyno Jocnigut BNAMB MOXiZHOroO Tia-
3ony N-(5-6eH3nn-1,3-Tiazon-2-in)-3,5-gumetun-1-6eHsodypaH-2-kapbokcamigy (BP1),
KOH'HOroBaHOro 3 MosliMEPHUM HOCIEM Ha OcHoBi nonietunenrnikonto (MEM-NMH — Th1,
KoMnnekc — Th2) Ha reHOTOKCMYHICTb i FOCTPY TOKCUMYHICTb Yy GioTecTi Allium.

Matepianu i meTogu. [1ns gocnigXeHHs reHOTOKCUYHOCTI JOCAIgKYBaHUX CMOMyK
3acTocoByBanu aHaTtenodasHuin aHania Allium cepa. NpoaHanisoBaHO Taki TOKCUYHI
ePeKkTu, SK NPUrHIYeHHSA NOAINY KNiTUH, MPOPOCTaHHA HACiHHS Ta POCTy KopeHis Allium.
HaciHHsa A. cepa(15HaKoXHY TOUKY ) NpopoLLyBanuHagocnigkyBaHnx po3unHaxb®1, Th1
i Th2 (10 mkM) npoTsirom 5 gHie 3a 22 °C. Po3paxoByBarnu BigCOTOK iHrOyBaHHSA poCTy
KOpPEHIB i NpopoCTaHHs HaCiHHA. [1na BCTAHOBNEHHS LUMUTO- M FreHOTOKCUYHOCTI AOCHi-
DPKYBaHUX CMOSyK BM3HaYanu MiTOTUYHUI iHOEKC i BIQHOCHY KiSTbKiCTb XPOMOCOMHMX
abepauin.
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PesynbraTtn. PevoBuHa BP1 nposiBnsna 3Ha4yHUN iHridyoumnin edekT Ha picT Kope-
HIiB i NPOpPOCTaHHA HaciHHA B koHuUeHTpauil 10 mkM. EdbekT HiBentoBaBCcsa 3a BMANBY
komnnekcy B®1 3 nonimepHMM HocieM. BinbHU noniMep TakoX He YNHUB HETaTMBHOIO
BMMBY Ha gocnigkyBaHi napametpu. 3a Bnnuey b®1 y koHueHTpauii 10 mkM cnocTte-
piranu 3Ha4yHe 3HWXKEHHSI MITOTUYHOTO iHAEKCY Ta 30iMbLUEHHS BiACOTKa XPOMOCOMHUX
abepauin. OgHak Hi nonimepHuii Hoci Th1, Hi komnnekc Th2 He BNNMBany Ha 3HAYEHHS
MITOTUYHOTO iHOEKCY Ta BiCOTOK XPOMOCOMHMX abepaLii.

BucHoBKu. NoxigHe Tiasony B KOMMMEKCi 3 NOAiIMEPHUM HOCIEM Y KOHLIEHTpauii
10 MKM He nNposiBNANO rocTpoi TOKCUYHOCTI Y BioTecTi Allium cepa. ToniMepHuin Hocin
Ha OCHOBI MOJIETUIEHTNIKONI0 HENTpanidyBaB HeraTuBHMI BB b®1 Ha MiTOTMYHI Ta
a3oBi NOKA3HUKM KNITUH MepucTeMu kopeHs Allium i BigCOTOK XpOMOCOMHUX abepaLii.

Knro4oei cnoega: noxigHe Tiasony, MNONIMEPHUN HAHOHOCINA, FEeHOTOKCUYHICTb,
XpOMOCOMHi abepalii, Allium cepa
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