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Background. A pronounced cytotoxic action of the thiazole derivatives complexed
with polymeric carriers on tumor cells in vitro was reported earlier, while no cytotoxicity
of these compounds was detected toward noncancerous cells. It was found that thiazole
derivatives at concentrations of 10 and 50 yM affected lymphoma cell ultrastructure in
vitro. The purpose of this work was to investigate the effect of thiazole derivative
8-methyl-2-Me-7-[trifluoromethyl-phenylmethyl]-pyrazolo-[4,3-e]-[1,3]- thiazolo-[3,2-a]-
pyrimidin-4(2H)-one (PP2) and its complexes with polymeric carriers poly(VEP-co-
GMA)-graft-mPEG (Th12) and poly(PEGMA) (Th14) on the ultrastructure of lymphoma
cells in vivo.

Materials and Methods. Experiments were conducted on white wild-type male
mice with grafted NK/Ly lymphoma. Ascite tumors were created by intreperitoneal inocu-
lation of 1-2 mIn of Nemet—Kelner lymphoma cells to mice. On the 12th day after inocu-
lation, the body weight of animals was increased by 140-160 % mostly due to ascites
growth. For treatment of ascites three solutions of the chemical compounds were pre-
pared: PP2, PP2 + Th12, PP2 + Th14 and administered to the mice intraperitoneally for
5 days. The final concentration of PP2 was 5 mg/kg of body weight. Abdominal drainage
from ascites was performed with a sterile syringe under chloroform anesthesia on the
10th day after the start of treatment. The ultrastructure of the cells was examined by
electron microscopy.
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Results. Electron microscopy study showed that control lymphoma cells have
a special subcellular formations such as a relatively large nucleus, and specific plasma
membrane filaments. The effects of thiazole derivative revealed apoptotic and necrotic
manifestations of cytotoxicity, such as a deformation and disintegration of nucleus,
a decreased nucleus/cytoplasm ratio, a destruction of the plasma membrane and
a change of mitochondria shape. The studied compound complexed with polymeric car-
riers caused an apoptotic-like changes in lymphoma cells. Under the action of such com-
plexes, the nucleus/cytoplasm ratio decreased and the area of mitochondria increased.

Conclusions. The obtained results suggest that the tested compounds induce
apoptosis in tumor cells. Complexes of thiazole derivative with polymers do not impair
the effect of the compound on lymphoma cells. The obtained data can be used to carry
out further preclinical studies of thiazole derivatives complexed with polymeric carriers
as potential antitumor drugs.

Keywords: lymphoma, thiazole derivative, polymeric carriers, cellular ultrastruc-
ture, mitochondria

INTRODUCTION

Despite the undeniable success in treatment and clinical trials, cancer is becoming
an increasingly widespread disease and one of the leading causes of mortality world-
wide. Chemotherapy is the most commonly used approach in cancer treatment, how-
ever it still has a lot of disadvantages such as drug toxicity, low specificity and targeting
approach, development of multidrug resistance, rapid degradation of drugs, etc. There-
fore, development of new antitumor compounds and eliminating negative effects of cur-
rent drugs are necessary for successful antitumor therapies.

Thiazole derivatives are widely used as anticancer agents with high efficacy for dif-
ferent types of tumor. It was found that these derivatives cause cytotoxic effects on
some lines of tumor cells associated with a lipid peroxidation and superoxide radicals
in vitro [13]. As has been previously reported, thiazole derivatives inhibit cancer cell
growth and proliferation through a variety of mechanisms, leading to apoptosis
or/and necrosis of tumor cells [2, 3, 14].

One of the main hurdles for using thiazole derivatives is their poor solubility in
water, which significantly reduces their efficacy. In recent years, nanotechnology as an
alternative approach to the solvent-based drug solubilization is becoming more and
more popular [9]. Except improving the common solubility, nanocarriers have several
additional advantages such as an enhanced accumulation in a tumor, targeted delivery,
a decreased systemic toxicity and an improved therapeutic effectiveness of antitumor
drugs [16]

Polymeric nanocarriers are the most capable drug delivery platforms for anticancer
drugs based on their ability to enhance biocompatibility, biodegradability and more
effective drug delivery compared with other delivery platforms [1, 5, 10]. Polyethylene
glycol (PEG) is a non-ionic compound widely used as a drug carrier because it is soluble
in both organic and hydrophilic solvents. Previously, antitumor hydrophobic drugs that
were conjugated with PEG showed increasing solubility of drugs and prolongation of the
circulation time in an organism [10]. A high anticancer efficiency of polymeric nanocarri-
ers for delivery of doxorubicin and 4-thiazolidinone derivatives to inhibit growth capacity
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and survival of tumor cells in vitro and in vivo was reported [7, 15]. Also, it was shown
that PEG- based nanoparticles could be effectively delivered into tumor cells and induce
cell necrosis, apoptosis and exhibite higher growth inhibition than free drugs [11]. It was
demonstrated, that thiazole derivative 8-methyl-2-Me-7-[trifluoromethyl-phenylmethyl]-
pyrazolo-[4,3-e]-[1,3]- thiazolo-[3,2-a]-pyrimidin-4(2H)-one (PP2) conjugated with novel
polymeric carriers based on PEG increased the toxic action towards tumor cells [4].

The purpose of this work was to investigate the effect of thiazole derivative PP2
conjugated with nanoscale polymer carriers synthesized on the basis of poly(VEP-co-
GMA)-graft-mPEG (Th12), poly(PEGMA) (Th14) on the ultrastructure of lymphoma
cells in vivo.

MATERIALS AND METHODS

Experiments were conducted on white wild-type male mice (20-30 g) with grafted
NK/Ly lymphoma. Animals were kept in standard vivarium conditions at constant tem-
perature on a mixed ration. All manipulations with animals were conducted in accordance
with General Ethical Principles of Experimentation on Animals approved by the First
National Congress on Bioethics (Kyiv, Ukraine, 2001) and the European Convention for
the Protection of Vertebrate Animals used for Experimental and Other Scientific Pur-
poses (Strasbourg, France, 1985), as well as approved by the Ethics Committee of lvan
Franko National University of Lviv, Ukraine (Protocol No. 20-05-2021 of May 18, 2021).

Ascites tumor cells were passaged by intraperitoneal inoculation of 10-15x108 cells
to mice. Three solutions of the chemical compounds were prepared: PP2 (10 mM), PP2
(10 mM) + Th12 (1 g/100 mL), PP2 (10 mM) + Th14 (1 g/100 mL) and administered to
the mice intraperitoneally for 5 days. The final concentration of PP2 was 5 mg/kg of
body weight. Ascites was drained from the abdominal cavity of anaesthetized mice with
sterile syringe on 7-10 day after the inoculation. Lymphoma cells were washed in
0.2 mol/L cacodylate buffer and fixed in a solution containing 1.5% glutaraldehyde in the
cacodylate buffer for 2 h and 1% solution of osmium tetroxide (2 h) in the same buffer.
Subsequently, the specimens were transferred into a 1.5% aqueous uranyl acetate
solution for 12 h. the fixed specimens were washed and dehydrated at room tempera-
ture at concentrations of ethanol from 70 to 100%. The dehydrated specimens were
placed into pure epoxy resin for 48 h at 40 and 60 °C. Microscopic sections were cut on
a UTMP6 ultramicrotome; then, the specimens were contrasted with a 1.5% solution of
uranylacetate (prepared in 70% ethanol) and photographed using a PEM100 transmis-
sion electron microscope (Electron-SELMI, Ukraine) [6]. The thiazole derivative (PP2)
was synthesized at the Department of Organic Chemistry of lvan Franko National Uni-
versity of Lviv. The PEG-containing carriers (poly(VEP-co-GMA)-graft-mPEG (Th12),
poly(PEGMA) (Th14)) were synthesized at the Department of Organic Chemistry of Lviv
Polytechnic National University. The steps of synthesis were described in detail in our
previous publications [3, 4].

On the basis of electronic microphotographs (n = 60), using computer program
ImagedJ the following data were calculated: the relation of the nucleus and cytoplasm
area, the ratio of the area of nucleus and cytoplasm (N/C ratio), the number and area of
mitochondria, the number and area of lysosomes. Besides, a qualitative assessment of
the form of cells, nuclei, mitochondria and their christs was made. Statistical analysis of
the obtained results was carried out using the MS Excel-2013 and Statistica programs.
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To assess the reliability of difference between statistical characteristics of two alterna-
tive sets of data, Student’s coefficient and Kruskal-Wallis test were calculated. The dif-
ference was considered to be significant at P < 0.05.

RESULTS AND DISCUSSION

Qualitative analysis of pictures of control Nemet—Kelner lymphoma (NK/Ly) cells
showed that the nucleus (2) takes up a large part (~40%) of the cell area (Fig. 1). High
nucleus-cytoplasm ratio is typical for tumor cells where intensive synthetic and prolifera-
tive processes occur. Well notable nucleolus (3) and mitochondria (4) of different sizes
and shapes are present. The mitochondrial matrix is electronically dense. In addition,
there are a number of high-density lysosomes localized in the cytoplasm (5) (Fig. 1).

3 uM B S 3uM

Fig. 1. Representative electronic microscopy pictures of two lymphoma NK/Ly untreated cells. The arrows
point to: 7 — cytoplasm; 2 — nucleus; 3 — nucleolus; 4 — mitochondria; 5 — lysosomes, 6 — buds of the
plasma membrane

Puc. 1. TunoBi enekTpoHHO-MIKpPOCKOMiYHi 306paxeHHs ABOX KOHTPOmNbHWUX KniTuH nimcgpomu NK/Ly. Ctpin-
Kamy nosHaveHo: 1 — uuTonnasma; 2 — a4po; 3 — agepue; 4 — MiToxoHApii; 5 — nisocomu; 6 —
BUM'si4yBaHHS Na3mMaTuyHoi MeMbpaHm

It was found that PP2 at concentration of 5 mg/kg causes a decrease in cell size
(shrinkage), a deformation and decrease in nucleus size (Fig. 2: A2, B2), and a destruc-
tion of plasma membrane (A6, B6). Some mitochondria contain swollen crists (B4),
while others contain paralleled crists (A 4).

The complexation of compounds PP2 and polymeric carrier Th12 led to a decrease
in the cell area, fragmentation of the nucleus and a decrease in its size (A2; B2), viola-
tion of the integrity of the plasma membrane (B6) and changes in the shape of mito-
chondria (B4) compared with control indicators (Fig. 3).

It was found that Th14 (complex of compound PP2 and polymeric carrier
poly(PEGMA)) in a final concentration of 10 yum caused a violation of the plasma mem-
brane, the shape of lymphoma cells and causes their reduction, cell nuclei are deformed
and reduced in volume (A2, B2), the number mitochondria increase (A4; B4) relative to
control (Fig. 4).
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Fig. 2. Representative electronic microscopy pictures of two NK/Ly lymphoma cells under the effect of PP2
at concentration of 5 mg/kg. For further description, see Fig. 1

Puc. 2. Tunosi enekTpoHHO-MIKpOCcKoMiYHi 306paxeHHst kniTnH nimcpomu NK/Ly 3a aii PP2 B koHueHTpauii
5 mr/kr. [HWi NosicHeHHs AmB. Ha puc. 1

Fig. 3. Representative electronic microscopy pictures of NK/Ly lymphoma cells under the effect of the com-
plex PP2 + Th12. For further description, see Fig. 1 and 2

Puc. 3. TunoBi enekTpoHHO-MikpockoniyHi 306paxeHHs kniTuH nimdomn NK/Ly 3a aji komnnekcy PP2 + Th12.
IHLWi nosicHeHHsA auB. Ha puc. 12

Based on the quantitative analysis of electronic photographs of lymphoma cells, it
was determined that the N/C ratio of control NK/Ly cells was 0.72 conventional units
(c.u.), while under the influence of PP2 at a concentration of 5 mg/kg, this parameter
decreased by 39% (Student test — P = 0.03). Complex PP2 + Th14 but not PP2 + Th12
caused a decrease in N/C ratio by 35% (Student test — P = 0.017, Kruskal-Wallis test —
P =0.0016). The area of the lymphoma cells mitochondria significantly increased by 55%
under the action of PP2 + Th14 (Student test — P = 0.025, Kruskal-Wallis test — P = 0.05).
The area of lysosomes also increased under the action of this complex (Kruskal-Wallis
test — P = 0.05) (see Table).
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Fig. 4. Electronic microscopy pictures of NK/Ly lymphoma cells under the effect of the complex PP2 + Th14.
For further description, see Fig. 1 and 2

Puc. 4. TunoBi eneKTPOHHO-MIKPOCKOMiYHI 300paxeHHs 3a Aii komnnekcy PP2 + Th14. IHWi NosicHeHHS AuB.
Ha puc. 1i2

A quantitate analysis of the electronic microscopy data
of lymphoma cells under the effect of thiazole derivative (PP2)
and a complexes of PP2 with polymeric carriers Th12 and Th14

KinbkicHui aHani3 gaHux enekTpoHHO-MiKpockoniyHux cphoTorpadpin
KniTuH nimcdomu 3a aii noxigHoro tiasony PP2
i noro Komnnekcis i3 nonimepHumun Hociamu Th12 i Th14

No Parameters Control PP2 PP2 + Th12 PP2 + Th14

Number of analyzed cells 30 10 10 10
1 Nuclear/cytoplasmic ratio (c. u.)  0.72+0.36 0.44+0.21* 0.51£0.22 0.47+0.19""##

2 Lysosome area (%) 100+11.2 82+3.2 101+3.1 131+2.8#
3 Number of lysosomes (per cell) 812 6+3 443 7+2
4 Mitochondria area (%) 100+8.6 117+5.2 111+3.2 155+2.6*#
5 Number of mitochondria (per cell) 813 7+2 83 812

Comments: Lysosome and mitochondria areas in control groups were taken as 100%.
Student test: * — P < 0.05, ** — P < 0.01; Kruskal-Wallis test: # — P < 0.05, ## — P < 0.01

Mpumitkn:  Tnowwi Ni3ocom i MITOXOHAPIN y KOHTPONbHUX rpynax npuimany 3a 100%.
Tect CtblogeHTa: *—P < 0,05, ** — P <0,01; Tect Kpyckana—Yonnica: #— P < 0,05, ##- P < 0,01

Thus, the investigated PP2 at concentration of 5 mg/kg in vivo caused visible
changes in the ultrastructure of lymphoma cells. The action of the substance led to a
deformation of the plasma membrane and nucleus, and to a decrease in the nucleus/
cytoplasmic ratio. These changes are similar to the effect of thiasole derivative (PP2)
when lymphoma cells were incubated with the chemical in vitro [14]. We believe that
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these morphological changes are the result of apoptosis-like perturbations, such as an
activation of poly (ADP-ribose) polymerase 1 and caspase 3 cleavage, as well as an
increase in the level of pro-apoptotic Bim protein and the mitochondrion-specific EndoG
nuclease, and a decrease in the level of the anti-apoptotic Bcl-2 protein [3]. Thiazole
derivatives also caused DNA single-strand breaks and DNA fragmentation in leukemia
cells [2]. We have shown that antiproliferative action of PP2 may be related to a violation
of the activity of some enzymes of the antioxidant system (catalase, glutathione-peroxi-
dase) [14].

PP2 complexed with polymeric carriers at concentration of 10 yM caused changes
of apoptotic type in the ultrastructure of lymphoma cells. Earlier, it was shown that
2-amino-5-benzylthiazole derivative caused necrosis in lymphoma cells in vitro [14]. In
this study, necrotic changes in the ultrastructure under the action of the studied sub-
stances were not observed, while signs of apoptotic changes were detected. Yang et al.
showed that a complex of antitumor compound oxaliplatin with PEG-liposomal carriers
induced a stronger apoptotic response than free oxaliplatin [16]. These data indicate that
the polymeric carriers improve the delivery of compounds to the cell. Thiazole derivatives
complexed with polymeric carriers are characterized by high lipophilicity due to the pres-
ence of a macrocycle ring in the molecular structure. This feature facilitates their penetra-
tion into the cell and determines intracellular targets [8]. Since it has previously been
found that the test compounds do not affect non-tumor cells [4], it can be assumed that
they are highly selective for tumors.

CONCLUSION

Test compounds caused apoptotic changes in the ultrastructure of lymphoma cells.
Complexed action of PP2 with polymers do not impair the effect of the substance on the
lymphoma cells. Complex Th14 was more effective than complex Th12, because it sig-
nificantly changed the quantitative indicators of lymphoma cells. Since the tested com-
pounds do not affect normal cells, this thiazole derivative complexed with polymeric
carriers might be considered as a potential antitumor drug.
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BMNJIUB NOXIAHOI O TIA30I11Y B KOMMIEKCI 3 HAHOPO3MIPHUMA
NONIMEPHUMU HOCIAMWU HA YINbTPACTPYKTYPY KINITUH NNIM®OMM IN VIVO

M. B. lNMonoeud4, 5. P. llanad'™, B. I1. MpeHtox', O. P. Kynaykoecbkull',
C. M. MaHOd3uHeub', H. €. MimiHa?, O. C. 3aiyeHko?, A. M. Babcbkull'
" Jlbeiscbkull HaujoHanbHUl yHisepcumem imeHi leaHa ®paHka

syr. [pywescbkoeo, 4, lbeie 79005, YkpaiHa

2 HaujoraneHutl yHieepcumem “flbsiecbka nonimextika”

rn. Cesmoeo KOpa, 9, Jlbsie 79013, YkpaiHa

*KopecrioHdyrouuti asmop e-mail: Yaryna.Shalay@lnu.edu.ua

OOrpyHTyBaHHA. PaHille BCTaHOBMNEHO BMPaXKEHY LMUTOTOKCUYHY Ait0 MOXigHMX
Tiazony B KOMMMEKCI 3 NONIMEPHUMW HOCIIMU Ha KIITUHU NYXIWH in vitro. Lli cnonyku He
Oynn UUTOTOKCMYHMMM LLOAO HEpakoBUX KNiTUH. BcTaHoBneHo, Wwo noxigHi Tiasony
B KoHUeHTpauisax 10 i 50 mkM BnnvBanu Ha ynesTpacTpykTypy KNiTUH nimdomu in vitro.
Meta poboTu nonsrana y AOCHiAXeHHi BMMBY KOMMEKCY noxigHoro Tiasony 8-methyl-
2-Me-7-[trifluoromethyl-phenylmethyl]-pyrazolo-[4,3-e]-[1,3]-thiazolo-[3,2-a]-pyrimidin-
4(2H)-one (PP2) i nonimepHux Hociis poly(VEP-co-GMA)-graft-mPEG (Th12) i poly(PEGMA)
(Th14) Ha ynbTpacTpyKTypy KMiTUH niMdoMu in vivo.

Martepianu Tta Metogu. EKCnepumeHTV BUKOHyBanu Ha Ginux muwax camusax
avikoro Tuny 3 npuvwenneHo nimdomor NK/Ly. KnitTuHu nyxnvHu npuvwennosanu
MULLIAM BHYTpilLHboYepeBHO. PosunH cnonyk PP2, PP2 + Th12, PP2 + Th14 i BBogunu
MULLIAM BHYTPILLHbOYEPEBHO NPOTAroM 5 AHIB. PO34nH BBOAUIM MULLIAM BHYTPILLHbOYE-
PEBHO Y KiHLEBI KoHUeHTpaLil PP2 5 mr/kr macu Tina npotarom 5 gHiB. [peHax yepes-
HOT MOPOXHUHU NPOBOAUIM CTEPUMBbHUM LUNPULIOM Mg, aHecTesielo Ha 10-1 geHb Big
novaTky NikyBaHHSA. YNsTPACTPYKTYPY KIiTUH niMcboMu AOCHigXyBanu 3a AONOMOrot
€reKTPOHHOI MIKpOCKOii.

Pe3ynbratu. [aHi enekTpoHHOT MIKpOCKONIii BUABUMAW, LLO KIITUHU KOHTPOMbHOT
nimoMn matoTb 0COBNMBOCTI, MpUTaMaHHi MyXIMHHUM KNiTUHaM: BiZHOCHO BENUKe
S14PO, BUCOKE CNiBBIAHOLLEHHS NAOLLI sApa 4o NoLLi umMTonnasmu i cneumdivyHi BUpocTun
nnasmatuyHoi membpaHu. BctaHoBNEHO, WO 3a fii NoxigHoro Tia3ony in vivo y KNiTuHax
NiMOOMM BUHUKAIOTb MEPEeBaxXHO anonToOTUYHI 3MiHW, Taki 9K AedopMalia Ta pynHy-
BaHHS spa, 3MEHLUEHHS S4epHO-LUUTONMa3MaTUYHOro CriBBiAHOLUEHHS, PYMHYBaHHS
nnasmMaTtuyHoi MembpaHu Ta 3amiHa hopmMu MiToxoHApik. 3a cninbHoi aii PP2 i nonimep-
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Horo Hocia Th14 gocToBipHO 30iNbLUyBanacs niolia MiTOXOHAPIV i Ni3ocoMm, Wo ono-
cepegKkoBaHO MOXe BKadyBaTW Ha aKTMBAL0 MITOXOHAPiIanbHOro MexaHiaMmy anonTtoay
abo kniTMHHOT aBTOdaril.

BucHoBKu. Lli pe3ynbtatv gatoTb NigctaBu BBaXKaTw, WO AOCHILXKYBaHI CNosyKu
peani3yloTb CBOK LMTOTOKCUYHY Aito Yepes iHAYKYBaHHSA anonTo3y B MNYyXAMHHUX KNiTK-
Hax. [NonimepHi HOCIT y KOoMMAneKci 3 4OCMiAKyBaHOK PEYOBMHOK NOCUIOBaNN AeCTPYK-
TUBHI 3MiHM Yy KkniTuHax nimcomn. OTpumaHi AaHi MOXyTb OyTU BMKOpPUCTaHiI Ons
noganbLlUNX AOKMIHIYHMX OOCHIAKEHb MOXiAHWX Tiasony B KOMMMEKCi 3 noniMepHuMu
HOCISIMM SIK NOTEHUIMHUMKU NPOTUNYXIIMHHUMW NpenapaTtaMu.

Knrodoei cnoga: nimdoma, noxigHe Tiasony, nofiMepHi Hocil, yneTpacTpykTypa
KMITUHKW, MITOXOHAPIT
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