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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 µM 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 mln 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. Еlectron 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 Ivan 
Franko National University of Lviv, Ukraine (Protocol No. 20-05-2021 of May 18, 2021).

Ascites tumor cells were passaged by intraperitoneal inoculation of 10–15×106 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 Ivan 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 
ImageJ 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). 

 
Fig. 1.	 Representative electronic microscopy pictures of two lymphoma NK/Ly untreated cells. The arrows 

point to: 1 – cytoplasm; 2 – nucleus; 3 – nucleolus; 4 – mitochondria; 5 – lysosomes, 6 – buds of the 
plasma membrane 

Рис. 1.	Типові електронно-мікроскопічні зображення двох контрольних клітин лімфоми NK/Ly. Стріл-
ками позначено: 1 – цитоплазма; 2 – ядро; 3 – ядерце; 4 – мітохондрії; 5 – лізосоми; 6 – 
вип’ячування плазматичної мембрани 

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 μm 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

Рис. 2.	Типові електронно-мікроскопічні зображення клітин лімфоми NK/Ly за дії PP2 в концентрації 
5 мг/кг. Інші пояснення див. на рис. 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

Рис. 3.	Типові електронно-мікроскопічні зображення клітин лімфоми NK/Ly за дії комплексу PP2 + Th12. 
Інші пояснення див. на рис. 1 і 2

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

Рис. 4.	Типові електронно-мікроскопічні зображення за дії комплексу PP2 + Th14. Інші пояснення див. 
на рис. 1 і 2

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

Кількісний аналіз даних електронно-мікроскопічних фотографій 
клітин лімфоми за дії похідного тіазолу РР2 

і його комплексів із полімерними носіями Th12 і 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) 8±2 6±3 4±3 7±2

4 Mitochondria area (%) 100±8.6 117±5.2 111±3.2 155±2.6*#

5 Number of mitochondria (per cell) 8±3 7±2 8±3 8±2

Comments:	 Lysosome and mitochondria areas in control groups were taken as 100%. 
Student test: * – Р ≤ 0.05, ** – Р ≤ 0.01; Kruskal–Wallis test: # – Р ≤ 0.05, ## – Р ≤ 0.01

Примітки:	 Площі лізосом і мітохондрій у контрольних групах приймали за 100%. 
Тест Стьюдента: * – Р ≤ 0,05, ** – Р ≤ 0,01; Тест Крускала–Уолліса: # – Р ≤ 0,05, ## - Р ≤ 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 µM 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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Обґрунтування. Раніше встановлено виражену цитотоксичну дію похідних 
тіазолу в комплексі з полімерними носіями на клітини пухлин in vitro. Ці сполуки не 
були цитотоксичними щодо неракових клітин. Встановлено, що похідні тіазолу  
в концентраціях 10 і 50 мкМ впливали на ультраструктуру клітин лімфоми in vitro. 
Мета роботи полягала у дослідженні впливу комплексу похідного тіазолу 8-methyl-
2-Me-7-[trifluoromethyl-phenylmethyl]-pyrazolo-[4,3-e]-[1,3]-thiazolo-[3,2-a]-pyrimidin-
4(2H)-one (PP2) і полімерних носіїв poly(VEP-co-GMA)-graft-mPEG (Th12) і poly(PEGMA) 
(Th14) на ультраструктуру клітин лімфоми in vivo. 

Матеріали та Методи. Експерименти виконували на білих мишах самцях 
дикого типу з прищепленою лімфомою NK/Ly. Клітини пухлини прищеплювали 
мишам внутрішньочеревно. Розчин сполук PP2, PP2 + Th12, PP2 + Th14 і вводили 
мишам внутрішньочеревно протягом 5 днів. Розчин вводили мишам внутрішньоче-
ревно у кінцевій концентрації PP2 5 мг/кг маси тіла протягом 5 днів. Дренаж черев-
ної порожнини проводили стерильним шприцом під анестезією на 10-й день від 
початку лікування. Ультраструктуру клітин лімфоми досліджували за допомогою 
електронної мікроскопії.

Результати. Дані електронної мікроскопії виявили, що клітини контрольної 
лімфоми мають особливості, притаманні пухлинним клітинам: відносно велике 
ядро, високе співвідношення площі ядра до площі цитоплазми і специфічні вирости 
плазматичної мембрани. Встановлено, що за дії похідного тіазолу in vivo у клітинах 
лімфоми виникають переважно апоптотичні зміни, такі як деформація та руйну-
вання ядра, зменшення ядерно-цитоплазматичного співвідношення, руйнування 
плазматичної мембрани та зміна форми мітохондрій. За спільної дії PP2 і полімер-
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ного носія Th14 достовірно збільшувалася площа мітохондрій і лізосом, що опо-
середковано може вказувати на активацію мітохондріального механізму апоптозу 
або клітинної автофагії. 

Висновки. Ці результати дають підстави вважати, що досліджувані сполуки 
реалізують свою цитотоксичну дію через індукування апоптозу в пухлинних кліти-
нах. Полімерні носії у комплексі з досліджуваною речовиною посилювали деструк-
тивні зміни у клітинах лімфоми. Отримані дані можуть бути використані для 
подальших доклінічних досліджень похідних тіазолу в комплексі з полімерними 
носіями як потенційними протипухлинними препаратами.

Ключові слова:	 лімфома, похідне тіазолу, полімерні носії, ультраструктура 
клітини, мітохондрії
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