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Summary
1,3,5-triazine is an important heterocyclic skeleton for mono, two or three 2-chloroethylamine groups. The study presented here
provides novel information on cellular effects of 1,3,5-triazine with mono, two or three 2-chloroethylamine groups in glioblas-
toma LBC3, LN-18 and LN-229 cell lines. In our study, the most cytotoxic effect was observed in 1,3,5-triazine with three 2-
chloroethylamine groups (12f compound). It has been demonstrated that 12f induce time- and dose-dependent cytotoxicity in all
investigated glioma cell lines. Apart from that in glioblastoma cells, treated with 12f compound, we noticed strong induction of
apoptosis. In conclusion, this research provides novel information concerning cellular effects of apoptosis in LBC3, LN-18 and
LN-229 cell lines. Moreover, we suggest that 12f compound may be a candidate for further evaluation as an effective chemo-
therapeutic agent for human glioblastoma cells.
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Introduction

Glioblastoma multiforme (GBM) is one of the most common
and devastating malignant tumor of human brain, character-
ized by local invasion and microvascular proliferation [1–3].
The most eminent feature of malignant gliomas is high resis-
tance to chemotherapy and radiotherapy (RT), with an average
survival less than 12–15 months, prolonged up to 3 years for
less than 5% of patients only [4–6]. Current treatment options
are based on the combined use of ionizing radiation and the
DNA alkylating agent, a second-generation imidazotetrazine
lipophilic prodrug - temozolomide (TMZ) [7–10]. Moreover,
DNA-crosslinking agents, such as lomustine (CCNU) and
nimustine (ACNU), are used as a second-line drugs. Their
mechanism of action is based on O6-chloroethylguanine

(O6ClG) generation, by chloroethylation of guanine in the
O6-position, what finally leads to inter-strand crosslinks be-
tween N1-guanine-N3-cytosine (ICLs) [11–13].

There are known that difficulties in improving effective ther-
apy in case glioblastoma are caused by very heterogeneous and
anaplastic character of this cancer and are largely attributed to
rapid growth and a high rate of recurrence [14, 15]. On the other
hand, the response to anticancer drugs is frequently inhibited by a
resistance to alkylating agents. O6-methylguanine-DNAmethyl-
transferase (MGMT), which is a DNA repair protein, also re-
mains a barrier preventing the successful treatment of patients
with malignant glioma [16]. In turn, the functional role of family
S100P proteins, which is associated with drug resistance and
metastasis in manymalignancies, has not been fully documented
in glioblastoma [17]. Moreover it has been described that bis(2-
ethylhexyl)phthalate (DEHP) modulates cell migration, invasion
and anchorage independent growth through targeting S100P in
LN-229 glioblastoma cells [18]. A recent work has suggested
that podocalyxin (PODX), which is a highly glycosylated and
sialylated transmembrane protein, promotes astrocytoma cell in-
vasion and survival, despite of apoptotic stress, and contributes to
GBM progression. Although there is evidence that PODX par-
ticipates in epithelial-mesenchymal transition and interacts with
different mediators of metastasis, the role of PODX remains to be
elucidated [19–21]. Liu et al. reported that enhanced GBM cell

* Marzanna Cechowska-Pasko
mapasko@gmail.com

1 Department of Pharmaceutical Biochemistry, Medical University of
Bialystok, Bialystok, Poland

2 Department of Organic Chemistry, Medical University of Bialystok,
Bialystok, Poland

3 Institute of Organic Chemistry, Technical University of Lodz,
Lodz, Poland

Investigational New Drugs (2019) 37:984–993
https://doi.org/10.1007/s10637-018-0712-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s10637-018-0712-8&domain=pdf
http://orcid.org/0000-0002-2806-399X
mailto:mapasko@gmail.com


invasion and proliferation is associatedwith fact that podocalyxin
inhibits Ang-(1–7)/Mas signalling by down regulating the ex-
pression of Mas through a PI3K-dependent mechanism in
GBM cells [22].

In view of the presented facts it is essential to develop new
modalities of therapeutic approaches and identify therapeutic
targets for advancements in malignant gliomas treatment.

The bifunctional alkylating agents, which include nitrogen
mustards (NMs) e.g., mechlorethamine, chlorambucil, cyclo-
phosphamide and melphalan, are used extensively since more
than three decades in the treatment of autoimmune and neo-
plastic diseases [23, 24]. The nitrogen mustards present activ-
ity connected with their ability to inhibit the cancer cells pro-
liferation by cross-linking the double strands of DNA. In ad-
dition, these compounds can inhibit DNA replication and tran-
scription or lead to apoptosis and finally to the inhibition of
tumor expansion [25].

It was demonstrated that 1,3,5-triazines substituted with
mono-, di, and tri-[4-(2-chloroethyl)piperazin-1-yl] groups
are strong alkylating agents, easily reacting with the most of
nucleophilic functional groups, which are typical for proteins
and nucleic acids [26]. It has been also reported that intensive
structural modifications at 2-, 4- and 6- positions have allowed
to obtain a wide group of structurally diversified derivatives
associated with e.g. anti-cancer, anti-inflammantory, anti-
bacterial properties [27–29]. Among various activities of
1,3,5-triazines derivatives containing aminopyridine or
thiopyridine, it has been demonstrated their ability to induce
apoptosis by arresting G2/M phase of cell cycle and involve-
ment of protein p53 [30].

According to the preliminary results, novel 1,3,5-triazine de-
rivatives, which contain one, two or three 2- chloroethylamine
fragments showed anti-proliferative activity against breast cancer
T47D, colorectal cancer SW707, prostate cancer LNCaP, lung
cancer A549 and Jurkat lymphoblastic leukemia cells.Moreover,
their efficiency has been increased with the number of 2-
chloroethylamine moieties. In contrast the breast cancer MCF-7
cell line was resistant to this structural modification [31].

The recent study focused on synthesis of aryloamino-1,3,5-
triazines functionalized with alkylating 2-chloroethylamine
fragments, where alkoxy substituent was replaced on the tri-
azine ring with alkyl-(aryl-) amine group. The obtained com-
pounds were tested for in vitro antiproliferative activity, using
the standard human MDA-MB-231 and MCF-7 breast cell
lines, and were found that they induce necrosis less intensely
that apoptosis. The inhibitory activity in case of MCF-7 cells
was found strongly dependent on the structure of substituents
on the triazine ring. In turn, the amount number of alkylating
fragments was not significant for activity [32].

These studies provide strong evidence that tiny structure
modification of alkylating agents, including nitrogen mus-
tards, can determine in vitro the profile of anti-cancer activity.
In this report, we made an effort to extend the range of

knowledge about antitumor activity of 1,3,5-triazines. To
reach this goal it has been investigated the influence of previ-
ously synthesized 1,3,5-triazines derivatives bearing one-
(12a-d), two- (12e) and three- (12f) 2-chloroethyloamino res-
idues (Fig. 1) on LBC3, LN-18 and LN-229 glioblastoma cell
lines in order to determine the cell type-specific effects.

Materials and methods

Reagents

The DMEM with GlutaMax™, trypsin-EDTA, penicillin,
streptomycin, FBS Gold were provided by Invitrogen (San
Diego, CA, USA) and Annexin V Apoptosis Detection Kit I
by BD Pharmingen™ (San Jose, CA, USA). The DMSO, ac-
ridine orange, bromide ethidium and 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide by Sigma (St Louis,
MO, USA). Triazine mustards 12a-d were obtained according
to standard procedure described earlier [31].

Cell cultures

The LBC3 cell line was developed from GMB tissue taken
from 56-year-old female patient subjected to surgical tumour
resection, and was kindly given to us by Prof. Cezary
Marcinkiewicz (Department of Neuroscience, Temple
University, Philadelphia, PA, USA) [33]. LN-18 and LN-229
cells were purchased from American Type Culture Collection
(ATCC). The cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) with GlutaMax™, supplemented
with heat-inactivated, 10% fetal bovine serum GOLD (FBS
GOLD), streptomycin (100 μg/mL) and penicillin (100 U/
mL). The cells were cultured in Falcon flasks (BD) at 37 °C
in a humidified atmosphere of 5% CO2, 95% air in incubator
Galaxy S+ (RS Biotech). At approximately 70% confluence,
cells were detached with 0.05% trypsin, 0.02% EDTA in
calcium-free phosphate-buffered saline and counted in a
Scepter cell counter (Millipore). Then, 2.0 × 105 cells were
seeded in 2 mL of growth medium in 6-well plates or 2.0 ×
104 cells were seeded in 1 mL of growth medium in 24-well
plates. After 24 h the medium was removed and replaced with
fresh medium containing: 12a-f or CHL at concentrations
from 1 μM to 150 μM. The glioma cells not treated with
compounds or CHL served as the negative control.

Normal primary skin fibroblasts (p8) were purchased
from ATCC (CRL1474). Fibroblast cultures were pas-
saged in high glucose (4.5 g/L) DMEM without L-glu-
tamine, with 10% FBS in six-well plates (Falcon).
Cultures were grown at 37 °C in an atmosphere con-
taining 5% CO2.
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Cell viability

Cell viability was measured according to the method of
Carmichael [34] using 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT). Briefly, cells were seed-
ed in 24-well plate at a density of 2.0 × 104 per well. After 24 h
the medium was removed and replaced with fresh medium
containing 12a-f or CHL, at concentrations from 1 μM to

Fig. 1 Structures of triazine
mustards

Fig. 2 The viability of LBC3 cells treated with different concentrations of
compounds 12a-f or CHL, from 1 to 150 μM for 24 (a) and 48 h (b).
Mean values from three independent experiments ± SD are presented.
Significant alterations are expressed relative to controls and marked
with asterisks. Statistical significance was considered if * p < 0.05

Fig. 3 The viability of LN-18 cells treated with different concentrations
of compounds 12a-f or CHL, from 1 to 150 μM for 24 (a) and 48 h (b).
Mean values from three independent experiments ± SD are presented.
Significant alterations are expressed relative to controls and marked with
asterisks. Statistical significance was considered if *p < 0.05
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150 μM. The LN-18, LN-229 or LBC3 cells not treated with
compounds served as negative control. Next, the cells were
incubated for 24 and 48 h and washed three times with PBS
and then incubated with 1 mL of MTT solution (0.25 mg/mL
in PBS) for 4 h at 37 °C in 5% CO2 in an incubator. The
medium was removed and 1 mL of 0.1 mol/l HCl in absolute
isopropanol was added. Absorbance of converted dye in living
cells was measured at the wavelength of 570 nm. The viability
of cells cultured with 12a-f compounds were calculated as the
percentage of control cells incubated without compounds or
CHL. The viability of the cells were analyzed and IC50 was
calculated.

Detection of apoptosis and necrosis

Apoptosis and necrosis of LBC3, LN-18 or LN-229 hu-
man glioblastoma cells were evaluated by flow

cytometry on FACSCanto II cytometer (Becton
Dickinson). The cells were seeded in 6-well plate at a
density of 2.0 × 105 per well. After 24 h the medium was
removed and replaced with fresh medium containing
12a-f or CHL , at concentrations from 1 μM to
150 μM. The LBC3, LN-18 or LN-229 cells not treated
with compounds served as the negative control. Next, the
cells were trypsinized, resuspended in DMEM and then
in binding buffer. Subsequently cells were stained with
FITC Annexin V and PI for 15 min at room temperature,
in the dark, following the manufacturer’s instructions
(FITC Annexin V apoptosis detection Kit I). Data were
analyzed by use of FACSDiva software and dead cells
were excluded based on forward- and side-scatter param-
eters. Percentage of apoptotic cells was presented as a
sum of Q2 and Q4 quadrant, necrotic cells as a Q1
quadrant population of analyzed cells.

Fig. 4 The viability of LN-229 cells treated with different concentrations
of compounds 12a-f or CHL, from 1 to 150 μM for 24 (a) and 48 h (b).
Mean values from three independent experiments ± SD are presented.
Significant alterations are expressed relative to controls and marked with
asterisks. Statistical significance was considered if *p < 0.05

Fig. 5 The effect of 12f, from 1 μM to 150 μM, on percentage of
apoptotic (a) and necrotic cells (b) of glioblastoma LBC3 cell line
incubated for 24 and 48 h. Mean values from three independent
experiments ± SD are presented. Significant alterations are expressed
relative to adequate controls and marked with asterisks; *p < 0.05
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Cell morphological analysis

Staining cells with fluorescent dyes, including acridine orange
and ethidium bromide, were used in evaluation of the nuclear
morphology of apoptotic and necrotic cells. The glioma
LBC3, LN-18 and LN-229 cells grown with compounds for
24 and 48 h. Next, the cells were washed twice with PBS and
stained with 1 mL of the dyes mixture (10 μMacridine orange
and 10μMethidium bromide in PBS) at room temperature for
10 min in dark. Next, stained solution was removed, the cells
layer were washed with PBS, analyzed and photographed un-
der a fluorescence microscope (Olympus CXK41, U-
RLFT50) at 200-fold magnification according to the follow-
ing criteria: normal green nucleus – living cells; orange or
green stained nuclei with chromatin condensation or fragmen-
tation – apoptotic cells, while necrotic cells were characterized
by orange stained cell nuclei.

Statistical analysis

Mean values for seven assays ± standard deviations (SD) were
calculated. Statistical analysis was performed using Student’s t
test.

Results

The effect of compounds or CHL on cell viability

The anti-proliferative effects of compounds, 12a-f or
chlorambucil (CHL) in glioblastoma: LBC3 (Fig. 2), LN-18
(Fig. 3) as well as LN-229 (Fig. 4) cells, were studied byMTT
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide assay. The cell lines were incubated with increasing

Fig. 7 The effect of 12f, from 1 μM to 150 μM, on percentage of
apoptotic (a) and necrotic cells (b) of glioblastoma LN-229 cell line
incubated for 24 and 48 h. Mean values from three independent experi-
ments ± SD are presented. Significant alterations are expressed relative to
adequate controls and marked with asterisks; *p < 0.05

Fig. 6 The effect of 12f, from 1 μM to 150 μM, on percentage of
apoptotic (a) and necrotic cells (b) of glioblastoma LN-18 cell line incu-
bated for 24 and 48 h.Mean values from three independent experiments ±
SD are presented. Significant alterations are expressed relative to ade-
quate controls and marked with asterisks; *p < 0.05
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concentrations of 12a-f compounds or CHL, ranging from
1 μM to 150 μM, for 24 and 48 h. Figs. 2, 3 and 4 indicate
that all compounds or CHL caused time-dependent and dose-
dependent reduction in viability of all three tested glioblasto-
ma cells. However, the cytotoxic effect was dependent on kind
of compounds. The biggest reduction in cell viability of
LBC3, LN-18 and LN-229 cells was observed after 24 and
48 h of incubation with 12f compound with concentrations
ranging from 50 μM to 150 μM. In these cells treated with
higher concentrations of 12f, the effect on cell viability was
clearly the strongest of all examined compounds (Figs. 2, 3,
4). Interestingly, in all tested cell lines, exposed to the highest
concentration (150 μM) of 12f, after 24 h we observed re-
duced cell viability approximately to 71% in LBC3; 84% in
LN-18 and 87% in LN-229 in comparison to the control cells

(Figs. 2a, 3a and 4a). After 48 h of treatment, the viability of
cells exposed to the highest concentration (150 μM) of 12f,
was reduced by 93% in LBC3 and LN-229 and cells was
comparable to viability after 24 h in LN-18 (Figs. 2b, 3b and
4b). This phenomenon was substantially more significant
compared to the other compounds studied. None of the tested
compounds had an anti-proliferative effect on fibroblast cells
(data not shown).

The half maximal inhibitory concentration (IC50) values of
compound 12f was calculated using GraphPad Prims 5. Our
results demonstrated that after 24 h of incubation IC50 of com-
pound 12f was: 49 ± 3 μM, 60 ± 2 μM, 52 ± 3 μM for LN-18,
LN-229 or LBC3 cell lines, respectively. After 48 h of incu-
bation IC50 of compound 12f was: 46 ± 2 μM, 50 ± 2 μM and
40 ± 3 μM for LBC3, LN-18 and LN-229, respectively.

Fig. 8 The effect of 12f on apoptosis, necrosis in LBC3 cells evaluated by
fluorescence microscope assay. The cells were incubated in medium with
different concentrations of compound 12f for 24 and 48 h and stained
with acridine orange and ethidium bromide. The cells were photographed
under a fluorescence microscope at 200-fold magnification and analyzed
according to the following criteria: living cells, apoptotic cells, and ne-
crotic cells. We presented representative images form one of three inde-
pendent experiments

Fig. 9 The effect of 12f on apoptosis, necrosis in the LN-18 cells evalu-
ated by fluorescence microscope assay. The cells were incubated in me-
dium with different concentrations of compound 12f for 24 and 48 h and
stained with acridine orange and ethidium bromide. The cells were
photographed under a fluorescence microscope at 200-fold magnification
and analyzed according to the following criteria: living cells, apoptotic
cells, and necrotic cells. We presented representative images form one of
three independent experiments
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The effect of compounds or CHL on apoptosis
and necrosis

We investigated whether 12f toxicity was due to the induction
of apoptosis. The LBC3 (Fig. 5), LN-18 (Fig. 6) and LN-229
(Fig. 7) cells were incubated with concentrations of 12f in-
creased gradually from 1 μM to 150 μM, for 24 and 48 h. In
the all investigated cells, incubated for 24 and 48 h in the
medium with 12f compound, in the concentration ranging
from 50 μM to 150 μM, we observed a time- and dose-
dependent increase in apoptosis in comparison to the control
cells (Fig. 5a, Fig. 6a, Fig. 7a). Interesting is the fact, that the
amount of apoptotic cells was dependent on investigated cell
line. As depicted in Fig. 5a the percent of apoptotic LBC3
cells, incubated with 12f compound with concentrations rang-
ing from 50 μM to 150 μM, was ranging from 20 to 70%, in

LN-18 cells from 50 to 90% (Fig. 6a) and in LN-229 from 10
to 90% (Fig. 7a).

Next our research has shown slight necrosis in the case of
all three cell lines LBC3 (Fig. 5b), LN-18 (Fig. 6b) and LN-
229 (Fig. 7b) incubated for 24 and 48 h in medium with
compound 12f in concentrations from 1 μM to 150 μM.

Cell morphological analysis

Staining of the cells with fluorescent dyes, including acridine
orange and ethidium bromide, was used for the evaluation of
apoptoticandnecroticcellsmorphologyunder fluorescentmicro-
scope. The method distinguished viable cells by appearing with
green nuclei without condensation of chromatin, apoptotic cells
by showing green or red nuclei with condensation of chromatin,
whiles the necrotic cells - by red nuclei without condensation of
chromatin. The figures: 8, 9, 10 show that 12f compound caused
reduction of cells viability in time- and dose-dependent manner.
We did not observe significant changes in nuclear morphology
between the cells incubated with 1 μM or 10 μM of 12f com-
pound, for 24 h, in comparison to the control cells. However, in
case of the cells incubated with compound 12f at concentration
ranging from 50 μM to 150 μM, we noticed the apoptotic cells
withcondensed,fragmentedandmarginalizedchromatin,nuclear
shrinking, when compared with controls. Furthermore, the apo-
ptoticbodiesandshrinkageof thecellswereobserved.Otherwise,
after 24 h incubationwith 100μMor 150μMof compound 12f,
we noticed necrotic cellswith red nucleiwithout condensation of
chromatin. The cells incubated for 48 hwith different concentra-
tions of 12f compound were characterized as more red-stained,
with condensation of chromatin, indicative the late apoptosis and
strong increased shrinkage of the cells and number of apoptotic
bodies. Apart from that, the number of necrotic cells was lower
than the number of apoptotic cells after 24 aswell as 48h.Wedid
not observed changes in the morphology of nuclei between the
analyzed glioblastoma cell lines: LBC3 (Fig. 8), LN-18 (Fig. 9),
LN-229 (Fig. 10).

Discussion

Glioblastomamultiforme is one of themost commonly occuring
malignant types of primary brain tumors [35]. These include:
astrocytic tumors (astrocytoma, anaplastic astrocytoma and glio-
blastoma), oligodendrogliomas, ependymomas and mixed glio-
mas. Increase in number of diagnosed brain tumors leads to the
search for new therapeutic strategies [36].

The 1,3,5-triazines core is versatile scaffold for mono, two
or three 2-chloroethylamine groups. The modification of
1,3,5-triazine ring system can lead to numerous novel and
diverse target-specie inhibitors of enzymes important for the
proper functioning of cells [31]. Furthermore, 1,3,5-triazines
have been widely studied due to it is broad range of biological

Fig. 10 The effect of 12f on apoptosis, necrosis in the LN-229 cells
evaluated by fluorescence microscope assay. The cells were incubated
in medium with different concentrations of compound 12f for 24 and
48 h and stained with acridine orange and ethidium bromide. The cells
were photographed under a fluorescence microscope at 200-fold magni-
fication and analyzed according to the following criteria: living cells,
apoptotic cells, and necrotic cells. We presented representative images
form one of three independent experiments
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activities including their anticancer or antimicrobial effects
[37]. 1,3,5-triazines don’t act selectivity, causing high levels
of inadvertent DNA damage structure and apoptosis in not
cancer cells. For this reason, the search for the new analogues
is continued expecting improvement of therapeutic index by
modification of triazines molecular structure for example by
addition of 2-chloroethylamine groups [32].

Chemotherapeutic agents can be classified as cytotoxic or
cytostatic. Cytotoxic agents lead to cancer cell death. Several
mechanisms of action are common among the cytotoxic
agents used for glioma cells, including DNA alkylation,
DNA cross-linkage, DNA breaks, whiles cytostatic agents
alter tumor biology by inhibiting tumor growth [39]. It was
found correlation between the alkylating activity of the 1,3,5-
triazines with 2-chloroethylamine groups and their cytotoxic-
ity on the breast cancer MCF-7 cell line. In addition it was
indicated that alkylating activity increase with the number of
2-chloroethylamino groups [31]. It is interesting, that 1,3,5-
triazine can modulate the functions: HIV-1 reverse transcrip-
tase, estrogen receptorβ (ΕRβ), glutathione S-transferase [38,
40]. 1,3,5-triazines with 2-chloroethylamino fragment can in-
hibit DNA replication, cell cycle arrest, induce of apoptosis
and inhibit of cancer cells growth [31]. For many cell lines:

breast cancer (T47D), prostate cancer (LNCaP), colorectal
cancer (SW707), lung cancer (A549) and Jurkat lymphoblas-
tic leukemia, the strong inhibition of viability was observed
for compounds 12a-f or CHL [2]. In contrast, our research
showed that glioma LBC3, LN-18 and LN-229 cell lines are
resistant to compounds 12a-12e and CHL, while their viabil-
ity was strong decreased only by 1,3,5-triazine 12f substituted
with three 2-chloroethylamine groups. We suggest, that 12f
compound leads to alkylation of DNA and decreases of cell
viability in glioblastoma LBC3, LN-18 and LN-229 cell lines
as well as can lead to their apoptosis. This characteristic types
of cell death, are discussed in our previous paper [35].
Program cell death (PCD), also termed type 1 PCD, plays an
important role in development of tissue homeostasis, degen-
erative diseases and cancer [40]. Apoptosis is a complex and
multi-stage process. During this process a variety of biochem-
ical and morphological changes take place through different
signal transduction pathways [41]. The two main mechanisms
of the induction of apoptosis, the mitochondrial (intrinsic)
pathway and receptor-mediated (extrinsic) pathway, are com-
monly known [42]. In our study, we indicated the apoptosis
and necrosis occurring in LBC3, LN-18 and LN-229 cells
after stimulation with the compound 12f. The effect of 12f

Fig. 11 The effect of compound
12f on apoptosis and necrosis in
glioma LBC3, LN-18 and LN-
229 cell lines
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on the apoptosis and necrosis was investigated using the
Annexin V-FITC and propidium iodide (PI) followed by
biparametric flow cytometry analysis. Mono-functional ana-
logues of 1,3,5-triazines, which are unable to form liaisons
between two DNA strands, were also found to induce apopto-
sis and necrosis [31, 43]. New compounds 12a-f induced
dose-dependent apoptosis and necrosis of MCF-7 cell line
[31]. Chromatin condensation and DNA fragmentation are
one of the most crucial criteria, which are used to identify
apoptotic cells [42]. In this study we observed chromatin frag-
mentation, condensation, and apoptotic bodies in LN-18,
LBC3 and LN-229 cell lines. During apoptosis, chromatin
undergoes a phase change from a heterogeneous, genetically
active network to an inert, highly condensed form [42].

Apart from that, proapoptotic effect on glioblastoma LN-18,
LBC3andLN-229cell lineswere found tobe stronglydependent
on the structure of the substituents on the 1,3,5-triazine ring.

In conclusion, based on the present data, the new com-
pound 12f, which is able to induce strong apoptosis in inves-
tigated glioma cells (Fig. 11), may be a good candidate for
further evaluation as an effective chemotherapeutic agent for
human glioblastoma cells.
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