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The hydrazine derivatives of benzopyrones remain an 
unexplored group of chemical compounds. This prelimi-
nary study investigates the influence of A-5, CH-3 and 
K-2 derivatives at concentrations of 1, 10, 100 nM and 
1 μM on selected biochemical factors of a melanoma 
cell line WM-115, with regard to their potential angio-
genic properties. The studied compounds were found to 
influence cell proliferation, as well as total protein, bFGF 
and FGFR1 concentration.
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INTRODUCTION

The concept that “tumor growth is angiogenesis de-
pendent” was first proposed in 1971 (Folkman, 1990), 
and states that the growth of a tumor must be preceded 
by an increase in the number of vessels. Blood vessel 
development is closely associated with angiogenic fac-
tors, which can both, stimulate or inhibit angiogenesis, 
including an effect on the basic fibroblast growth fac-
tor (bFGF, also called FGF2). FGF1, FGF2, and their 
receptors, FGFR1 and FGFR2 respectively, are the main 
FGF molecules involved in angiogenesis, resulting in 
endothelial proliferation, migration and differentiation 
(Dell’Era et al., 2001; Javerzat et al., 2002; Presta et al., 
2005; Khan & Bicknell, 2016), while the expression of 
FGFR3 or FGFR4 has never been reported in the en-
dothelial tissue (Presta et al., 2005). Excessive mitogenic 
signaling through the FGF/FGFR axis may induce car-
cinogenic effects by promoting cancer progression and 
increasing the angiogenic potential, which can lead to 
metastatic tumor phenotypes (Akl MR et al., 2016). 

FGF regulates cell migration. The existence of FGF2-
dependent cell/cell communication between melanoma/
endothelial cells and melanoma/melanoma cells has been 
found recently (Baljinnyam et al., 2014). The FGFR in-
hibition led to antitumor effects against melanoma cells 
in vitro and in vivo (Metzner et al., 2011), and evidence of 
FGF2 participation in the activity of melanoma cells on 
surrounding keratinocytes was also reported (Gartside et 

al., 2009; Kodet et al., 2015). Fortunately, normal melano- 
cytes only produce low levels of the above-mentioned 
factors, if any (Halaban, 2000). bFGF seems to be one 
of the major autocrine growth factors associated with 
tumor progression in melanoma (Berking et al., 2001; 
Demirkesen et al., 2006).

Some derivatives described in the literature e.g. GSF 
(Marano et al., 2012), sunitinib, and bevacizumab (Adam-
cic et al., 2012), exert a similar influence on melanoma 
cells (including WM-115) and human umbilical vein en-
dothelial (HUVEC) cells or their biologically similar hu-
man bone marrow endothelial cells HBMEC-60 (Moe-
hler et al., 2008; Willhauck-Fleckenstein et al., 2010). 
The mechanisms of action could be also associated with 
FGF2 (Tran et al., 2016).

One of the well-known hydrazine derivatives is pro-
carbazine, which is used as an anticancer drug in cases 
like the malignant melanoma, lymphomas, glyomas and 
brain tumors (Chaar et al., 2006; Armand et al., 2007). 
However, a significant mutagenic activity of procarbazine 
has been found (Pletsa et al., 1997), so obtaining of new 
hydrazine derivatives with low systemic cytotoxicity is 
highly desirable.

Synthetic analogs of benzopyrones have a very broad 
spectrum of biological activity, however, hydrazine deriv-
atives of benzopyrones remain a poorly analyzed group 
of compounds, including their antibacterial (Khan et 
al., 2010; Nawrot-Modranka et al., 2006) and anticancer 
properties (Nawrot-Modranka et al., 2006; Łazarenkow et 
al., 2012). The influence of phosphorohydrazone deriva-
tives of chromone on fibrin polymerization in the pres-
ence of bFGF (Michalska et al., 2013) and the influence 
of 3-formylochromone derivatives on the level of bFGF 
in the HL-60 cell line (Łazarenkow et al., 2013) have 
also been reported. Our present study is an investigation 
on the influence of hydrazine derivatives of 3-formyl- 
chromones (A-5, CH-3 and K-2) at concentrations of 
1, 10, 100 nM and 1 μM on angiogenic bFGF and its 
receptor FGFR1. Based on the reasons above, and be-
cause it is a preliminary study, we decided to use one 
cultured in vitro cell line in this investigation – human 
malignant melanoma WM-115.

MATERIALS AND METHODS

Cell culture. The WM-115 cell line (human melano-
ma, ATCC Collection) was provided as a monolayer in 
75 cm2 Nunclon culture bottles with an adhesive coat-
ing (NUNC, Denmark) using Dulbecco’s medium with 
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4.5 g/L of l-glutamine (DMEM + Glutamax ™-I, Gib-
co® by Life Technologies™, Netherlands), supplemented 
with 10% FBS and gentamicin at 25 μg/mL. The cell 
line was incubated in a Shell Lab TC 2323 (USA) incu-
bator at 37°C in 5% carbon dioxide and 60% humidity. 
After reaching approximately 75–85% confluence i.e. af-
ter three days, the cells were repassaged. 

WM-115 exposure to the tested compounds. 80 000 
cells were transferred to a culture utensil (5 cm in dia-
meter) with adhesive layer (NUNC, Denmark) contain-
ing 5 mL of the culture medium described above. After 
a 24-hour incubation, culture medium exchange was per-
formed using a no-serum base containing only 25 μg/
mL gentamicin with one of the tested compounds at 
a concentration of 1, 10, 100 nM or 1 μM. The tested 
substances were dissolved in 99.9+% DMSO (Alfa Ae-
sar, Germany) and further diluted with culture medium 
before being added to the cells. Control samples con-
sisted of DMSO and cell culture only. The final DMSO 
concentration in the sample was less than 0.02%. Expo-
sure times were 5, 12, 24 and 48 hours.

Preparation of cell lysates of WM-115. After trypsi-
nization, cell suspension was centrifuged in Eppendorf 
tubes for three minutes at 3500 rpm in an Eppendorf 
centrifuge (Germany). The cell sediment had been 
washed three times with PBS (Phosphate buffered saline, 
0.1 mol/l, pH 7.3), secured and stored in a freezer at 
–70°C until further use. For lysis, 700 μl of a lysis buffer 
(10 mM TRIS (Tris(hydroxymethyl)aminomethane, pH 
7.5, SERVA, Germany), 100 μM PMSF (Phenylmethyl-
sulfonyl fluoride, Sigma), 300 mM NaCl (ChemPur, Po-
land), 2mM MgCl2 (POCH, Poland) and 10 mL/L of 
Triton X-100 (Northampton, UK)) was added and the 
mixture was placed in an ice bath for 2.5 hours. The 
lysates were centrifuged to remove cellular residues and 
kept frozen at –70°C. 

Cell proliferation studies. Cell proliferation was 
investigated using the MTT method. In a 96-well 
plate, 3000 cells were incubated overnight in 100 μL 
of medium, as described before. Control wells were 
not seeded with cells. The medium was then replaced 
by 100 μL of a medium with (or without in the case 
of control) the compounds of interest. Exposure 
times were 5, 12, 24 and 48 hours. The MTT solution 
(10 μL of 5 mg/mL) was added two hours before the 
end of exposure and incubated until the end of the 
exposure time. Next, the medium was removed and 
MTT-formazan crystals were dissolved in 100 μL of 
a solubilizer (700 mM  sodium dodecyl sulphate (Sig-
ma), 4.778 M dimethylformamide (Sigma) and 200 μM 
HCl (concentrated, POCH, Poland)). Each experiment 
was repeated six times. Readings (n=1) were per-
formed using a Perkin Elmer Victor V3 plate reader 
(USA) at a wavelength of 562 nm. 

Determination of total protein concentration in 
cell lysates. The BCA method (bicinchoninic acid, 
Sigma) was used for total protein level determination 
in 96-microwell plates. Briefly, 25 μL of test or con-
trol samples and 200 μL of BCA (as a mixture of 4% 
aqueous solution of CuSO4 with BCA, at a 1:50 ratio) 
were placed in the wells and incubated for 30 minutes 
at 37°C. After incubation, the absorbance was meas-
ured using a BIO-TEK Elx-800 (USA) at a wavelength 
of 562 nm (n=1). Total protein concentration in the 
cell lysates was calculated by comparing the absorb-
ance results to the standard calibration curve (BSA at 
0–1 mg/mL in 100 μg/mL steps). Each experiment 
was repeated twice.

Determination of the level of bFGF in the cell 
lysates. The assay was performed using the 96-micro- 
well plate RayBio® ELISA kit for human bFGF 
(RayBiotech, USA) according to the manufacturer’s 
recommendations. As calculated by the manufactur-
er, the coefficient of variation (CV) for intra-assay 
measurements is below 10%. Readings (n=1 for sin-
gle experiment) were performed at λ=562 nm using  
a BIO-TEK Elx-800 plate reader.

Determination of the concentration of FGFR1 
in the cell lysates. The test was performed using the 
96-microwell plate ELISA kit for human FGFR1 USC-
NKs (Life Science Inc, PRC) according to the manufac-
turer’s recommendations. Intra-assay precision, as calcu-
lated by the manufacturer as CV, is below 10%. Read-
ings (n=1, single experiment) were performed at λ=450 
nm using a BIO-TEK Elx-800 plate reader.

Calculation of the level of bFGF and FGFR1 in 
total protein content. This was performed as a math-
ematical recalculation of the obtained results. It’s a 
theoretical investigation, based on the dependence be-
tween the cell lysate values of the ELISA tests (CbFGF or  
CFGFR1), the total protein (TP) control results and the 
protein amount in the lysates from the ELISA control 
values. The calculations were performed using the equa-
tions (Control=100%):
CbFGF in TP (% of Control)=CbFGF×CTP Control×100%/ 
(CTP×CbFGF Control)

CFGFR1 in TP (% of Control)=CFGFR1×CTP Control×100%/ 
(CTP×CFGFR1 Control)

Synthesis of the hydrazone derivatives of 3-for-
mylchromones. Derivatives A-5 (Łazarenkow et al., 
2012), CH-3 and K-2 (Nawrot-Modranka et al., 2006), 
presented in Scheme 1, were all synthesized at the De-
partment of Bioinorganic Chemistry.

Statistical analysis. All figures and needed calcula-
tions (i. e. mean, median, ± S.D., t-test, and Shapiro-Wilk 
test) were made using the Stat-Soft STATISTICA v.13.1 
software. 

RESULTS AND DISCUSSION

In the analysis of the obtained results of the WM-
115 cell proliferation and total protein content (Fig. 1), 
the dependence between the two (except for CH-3 and 
K-2 at 24 and 48 hours) was not found. Most likely, 
the tested compounds exerted a similar influence on 
some unstudied biochemical parameters in this inves-
tigation. Based on the reasons above, the influence of 
A-5, CH-3 and K-2 on the studied biochemical pa-
rameters will be described and discussed separately for 
their contention in the WM-115 cell lysates and the 
total protein. The detailed results and calculations are 
given in the Supplemental Material.

Influence of hydrazone derivatives on WM-115 cell 
proliferation

The test was performed using the MTT assay. The 
results are given as percentage values relative to the 
control. The derivatives were found to have vari-
ous effects on the proliferation of WM-115 cells in 
the concentration range tested: derivative A-5 exerted 
mainly an anti-proliferative effect, CH-3 mainly en-
couraged a proliferative activity, and K-2 demonstrat-
ed a dual effect. None of the tested derivatives halved 
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the cell’s inhibition or stimulated cell proliferation 
over 50%.

The influence of K-2 and CH-3 (in the 24th and 48th 
hour of experiment, respectively) on the WM-115 cell 
proliferation exceed 120%, so in the future we plan also 
use XTT and/or a BrdU test to exclude obtaining of po-
tentially inappropriate results. 

Determination of the total protein concentration in cell 
lysates

The absorbance (A) readings recorded during the 
study were substituted into the formula equation calcu-
lated from the obtained standard curve:
y=0.001215x+0.146

as:

A=0.001215c+0.146

The total-protein concentrations (c), in μg/mL, for 
the cell lysates of the tested compounds (A-5, CH-3 and 
K-2) were calculated; the comparison of the results is 
given in Fig. 1.

An increase of protein production under the influ-
ence of the studied compounds in the WM-115 cells was 
observed in the first 12 hours of the experiment. A-5 
and K-2 were found to have the greatest influence at 
the 12th hour at 10 nM (+93.94% and +129.49% when 
compared to control, respectively). After 12 hours, the 
CH-3 and K-2 were found to decrease the protein lev-
el, especially at the 24th hour at 100 nM (–30.3% and 
–48.18% when compared to control, respectively).

Concentration of bFGF and FGFR1 in WM-115 un-
der the influence of A-5, CH-3 and K-2.

Concentration of bFGF and FGFR1 in cells

The interpretations of the results obtained in these 
studies are given in Fig. 2. The border concentrations 
(1 nM and 1 µM) were not as effective as 10 nM (the 
concentration at which most of the highest values were 
obtained) and 100 nM (the concentration at which most-
ly a decreasing influence on the described biochemical 
parameters was observed).

At 10 nM at the 5th hour of the experiment, A-5 sig-
nificantly increased the FGFR1 concentration (116.13% 
above the control value). Besides the 24th hour, A-5 
was found to decrease the FGFR1 and bFGF concentra-
tions in the cells; however, at the 5th and 48th hours at 
10 nM, A-5’s influence on bFGF was low. 

CH-3 significantly decreased the FGFR1 concentra-
tion (in a range of 9.67–68.03% when compared to the 
control). At 100 nM and 1 µM, a decrease in the bFGF 
concentration (less than control values in a range of 

24.61–82.03%) was also observed. After 12 hours, CH-3 
influenced both factors differently. 

K-2, similarly to A-5, possessed a low selectivity on 
both angiogenic factors. Except for the 24-hour mark at 
all concentrations and the 48-hour mark at 1 nM, the 
inhibition of both factors was noted.

Figure 1. Level of influence (expressed as percent) of the stud-
ied compounds on WM-115 cell proliferation and total protein 
content in the cells. 
The cell proliferation study was performed by the MTT test (six 
experiments). The determination of total protein content was per-
formed twice using the BCA method. Readings were performed at 
λ=562 nm for both trials, at 5, 12, 24 and 48 hours of exposing to 
the studied compounds, which were tested at 1, 10, 100 and 1000 
nM concentrations. The control consisted of non-treated cells 
only. The results of the MTT test are given as a box-plot of a me-
dian rectangle core, which consists of 25–75% of the non-outlied 
values. The BCA results are given as a mean of the obtained val-
ues. The t-test results: ***p<0.05, **p<0.01, *p<0.005, no asterisk 
means p<0.0001; #p<0.05, Shapiro-Wilk test results, which don’t 
meet the normal distribution criteria. Control=100%.

Scheme 1. Structures of the studied compounds.
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Concentration of bFGF and FGFR1 in total protein 
content

There are some similarities between the concentra-
tions of the studied factors in the lysates (Fig. 2) and in 
relation to the total protein content (Fig. 3). However, 
the influence of the studied derivatives on bFGF and 
FGFR1 in the total protein is more significant.

At the 12th and 48th hour of the experiment, A-5 
decreased the bFGF and FGFR1 concentrations. The 
influence on bFGF at the 48th hour was weak, but it 

was similar at all concentrations tested. At 10 nM at  the 
5th hour, the most significant increase in the bFGF and 
FGFR1 concentrations (132.92 and 291.76%, respec-
tively) was observed. An increase in both studied para-
meters was also noted at 1 µM at the 24th hour of the 
experiment (109.03 and 121.65% for bFGF and FGFR1, 
respectively). After 5 hours of the experiment, A-5 pos-
sessed the lowest selectivity, in comparison to the other 
tested compounds.

In the first 12 hours of the experiment, CH-3 de-
creased the concentrations of bFGF and FGFR1. At 

Figure 2. The influence of the studied compounds on the bFGF 
and FGFR1 concentrations in the WM-115 cell lysates.
This study was performed as single experiment using 96-micro-
well plate ELISA assays for human bFGF and human FGFR1 ac-
cording to the manufacturer’s recommendations. CV<10%. Read-
ings were performed at λ=562 nm for bFGF and λ=450 nm for 
FGFR1 at 5, 12, 24 and 48 hours of exposing to the studied com-
pounds, which were tested at 1, 10, 100 and 1000 nM concentra-
tions. The control (100%) consisted of non-treated cells.

Figure 3. The influence of the studied compounds on the bFGF 
and FGFR1 concentrations in WM-115 in relation to the total 
protein content.
This is a calculation based on the dependence between the cell 
lysate results of the ELISA tests for bFGF, and the control results 
of the total protein (TP) with FGF1 and the protein found in the 
lysates compared to the ELISA control values. Control=100%. The 
equations are given in the Materials and Methods section.
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1 µM concentration of CH-3, the most significant in-
crease of bFGF was found after 24 hours of incubation 
(225.25%). After 12 hours, this compound increased 
the concentrations of both studied factors or influenced 
them weakly. 

The influence of K-2 on bFGF and FGFR1 was simi-
lar to that of CH-3. K-2 had a dual-effect on bFGF; in 
the first 12 hours, a significant decrease in bFGF was 
found and in the next 12 hours mainly an increase in the 
concentration of bFGF was found. This dual effect was 
also observed on FGFR1. However, after 12 hours, the 
K-2’s influence on this parameter was rather weak and 
similar to CH-3’s.

Statistical analysis of results

The results of the t-test of the cell proliferation study 
showed that it was not necessary to discard H0, because 
of p≤0.000065. The Shapiro-Wilk test results for the cell 
proliferation study met the normal distribution criteria, 
except: A-5 at 10 nM and 1 µM at 48 h (p=0.02681 and 
0.04751, respectively); CH-3 at 10 nM at 12 h and the 
control for CH-3 at 48 h (p=0.00211 and 0.01733, re-
spectively); K-2 at 100 nM at 24 h and at 1 nM at 48 h 
(p=0.01053 and 0.02271, respectively).

CONCLUSIONS

When administered in the concentration range of 
1 nM – 1 µM, the A-5, CH-3 and K-2 derivatives had 
significantly affected cell proliferation, as well as the 
concentrations of the total protein, bFGF and FGFR1 in 
the cell lysates of the WM-115cell line. A-5 was the best 
in stimulating the production of FGFR1 and inhibition 
of cell proliferation. In addition, it effectively increased 
the total protein content in the cell lysates. CH-3 the 
most effectively lowered the level of FGFR1 in the cell 
lysates with total protein content and most actively stim-
ulated cell proliferation. K-2 effectively lowered all of 
the tested parameters except for the  bFGF content in 
the total protein amount.

Angiogenesis is also affected by other growth fac-
tors with their family-specific receptors. The vascu-
lar endothelial growth factor family, with its receptors  
VEGFR1 and VEGFR2, along with FGF1 are com-
monly observed in solid tumor cases. It is probable that 
the studied compounds may give similar or greater ef-
fects on other proteins, including angiogenic factors and 
receptors not examined in this preliminary study.
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