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of domestic production with high efficiency and wide variation of dosage 
forms remains a topical issue. 
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It is known that high dependence on glycolysis, even in the presence of 

oxygen (a phenomenon known as the Warburg effect) is one of the unique 

features of malignant cells. As the main pathway of energy production, 

glycolysis provides malignant cells with growth benefits and represents a 

wide range of potential targets for successful therapeutic intervention [1, 2]. 
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One such promising target is lactate dehydrogenase (LDH), a key glycolysis 

enzyme that completes the conversion of glucose to lactate and plays an 

important role in the initiation and progression of malignancies [3, 4]. It is 

therefore not surprising that LDH inhibitors, in particular oxamate, can 

suppress tumor cell proliferation, as evidenced by in vitro and in vivo 

experiments [4-6]. 

The aim of the study was to determine whether tumor cells with high 

metastatic potential in vitro are sensitive to the cytotoxic action of oxamate 

and whether the LDH inhibitor affects the growth and metastasis of these 

cells in vivo. Lewis lung carcinoma (LLC) cells obtained from the National 

Bank of Cell Lines and Tumor Strains of the RE. Kavetsky Institute of 

Experimental Pathology, Oncology and Radiobiology (IEPOR) of National 

Academy of Sciences of Ukraine were used as a tumor model. Cells were 

maintained in RPMI 1640 medium (Sigma, USA) with the addition of 10% 

fetal calf serum (FTS, Sigma, USA), 40 μg/ml gentamicin, at 37°C in 

humidified atmosphere with 5% CO2. 

For in vitro experiments, the tumor cells were seeded in the wells of a 

96-well plate (1.5 × 10
4
 cells/well). After overnight incubation, medium 

containing oxamate (Sigma, USA) was added to the cells to a final 

concentration from 0 to 150 mg/ml, and incubation continued for 1 day. 

Each oxamate concentration was investigated in 3 replicates. The cells that 

were incubated under the same conditions without the addition of oxamate 

served as a control. The number of living cells was evaluated using crystal 

violet using a plate reader at a wavelength of 595 nm. The 

cytotoxic/cytostatic activity of oxamate was determined by IC50 – the 

concentration of the compound, which leads to a 50% reduction in the 

number of living cells. 

For in vivo experiments, mice bred in vivarium of IEPOR were 

randomized by weight, divided into three groups and intramuscularly 

inoculated with LLC cells (1x10
6
 cells/0.1 ml Hanks solution/mouse). Mice 

of the 1st (n = 9) and 2nd (n = 9) groups were injected with oxamate in  

0.5 ml of saline at a dose of 0.3 g/kg and 0.6 g/kg of body weight, 

respectively. Oxamate was administered intraperitoneally daily 5 times/week 

for 3 weeks. Mice of group 3 (n = 11), which were injected with saline 

according to the same scheme and in the same volume, served as controls. 

On day 24 after tumor transplantation, the effect of oxamate on primary 

tumor volume, number and volume of lung metastases, as well as glucose 

and lactate content, and LDH activity in tumor tissue and blood plasma of 

tumor-bearing mice was assessed. 
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The volumes of the primary tumor and metastases were calculated using 

routine methods based on the diameter of the tumor or metastasis. 

The content of glucose, lactate and LDH level in the test samples was 

determined using a biochemical analyzer. 

Statistical processing of the results was performed using descriptive 

methods, Mann-Whitney test and methods of nonlinear regression analysis. 

The study revealed a concentration-dependent cytotoxic/cytostatic effect 

of oxamate on LLC cells (Fig. 1). Tumor cells were characterized by 

heterogeneity in terms of sensitivity to the cytotoxic action of oxamate: 

about 30% of cells were resistant to its action. As can be seen from Fig. 1, 

cell death occurred at concentrations above 16.0  0.5 mM. It was found that 

the IC50 of oxamate for these cells was 74.8 3.8 mM. 

 

 
 

Fig. 1. Number of viable LLC cells as function of oxamate 

concentrations. Open symbols – experimental data. Lines – fitting curve 

 

The ability of oxamate to exhibit cytotoxic activity against LLC cells was 

not accompanied by inhibition of LLC growth and metastasis in vivo, at least 

when it has been administered at doses of 0.3 g/kg and 0.6 g/kg body weight. 

Thus, in animals injected with oxamate, the volume of the primary tumor, 
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the number and volume of lung metastases on the 24th day after 

transplantation of the tumor did not differ significantly from similar indices 

in the control (Fig. 2). 

 

 
Fig. 2. The effect of oxamate on the growth and metastasis of LLC 

on the 24th day after tumor transplantation. 

 

It is known that LDH in the blood of cancer patients is usually elevated, 

which gives reason to consider LDH as a sufficiently informative indicator 

to monitor the treatment dynamics of patients with some cancer types [7-8]. 

In this work, it was found that LDH level in both blood plasma and tumor 

tissue (per 1 mg of protein) in mice treated with oxamate at both doses did 

not differ significantly from the corresponding index in the control. 

At the same time, the assessment of plasma lactate level in experimental 

mice showed that in animals treated with oxamate at a higher dose, 0.6 g/kg, 

this index was 20% lower (p < 0.05) than in the control. Oxamate-induced 

decrease in the plasma lactate level in tumor-bearing mice indirectly 

indicated some inhibition of LDH activity by oxamate in this group of 

animals. 

Conclusions. The cytotoxic/cytostatic activity of oxamate against Lewis 

lung carcinoma cells in vitro and the lack of its antitumor activity in vivo 

have been shown. Such effect may be caused by the bioenergetics of 

metastatically active cells and/or the distribution and metabolism of oxamate 

in the body due to which the concentration of oxamate sufficient to 

implement its cytotoxic action is not achieved in the tumor tissue. 
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