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Abstract

Glioblastoma Multiforme (GBM), which is a common and primary brain tumor in adults, is an important cause of death worldwide as an aggressive and treatment-
resistant cancer tumor. In this cell culture study, the apoptotic and anti-proliferative effects of borax and irinotecan at different doses, alone or in combination, 
were investigated in the YKG1 cell line. Cytotoxic activities were analyzed by MTT method and TUNEL staining after 24th and 48th hours of incubation with borax 
administered at doses of 1mg and 3mg per ml; irinotecan 50mM and 100mM. Both irinotecan and borax have been shown to induce apoptosis when used alone, 
and thus cause anti-proliferation. It was determined that these effects were potentiated by the combined application of the agents. In addition, it was determined 
that this effect in combined applications was more pronounced after 48 hours and at higher doses. In light of the data obtained, the combination of irinotecan with 
borax to increase the cytotoxic effect of irinotecan, which is used in many different cancer types, can be tried in further prospective studies.
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Introduction

Brain tumors are the third most common tumor in children and 
the eighth most common in adults. According to its pathogenesis, 
the most often brain tumor in adults is Glioblastoma Multiforme 
(GBM), which constitutes 35-45% of primary brain tumors. It 
is highly aggressive and patients with malignant glioma show 
unsatisfactory clinical prognosis and low survival rate [1,2]. 
Despite technological advances, the average survival time after 
diagnosis is around 12-15 months due to high invasiveness 
and heterogeneity. GBM treatment is very difficult because 

it is resistant to both radiation therapy and chemotherapy, and 
there is no radical solution to prevent cell growth that causes 
tumorigenesis. Therefore, current treatment protocols for tumors 
due to GBM include surgery if possible; including radiation 
therapy and chemotherapy [3,4]. However, regardless of 
applicability, combined chemotherapy is highly recommended 
[6,7]. One of the agents used for this purpose, irinotecan, 
provides Topoisomerase-I inhibition, which has a role in DNA 
transcription. Irinotecan diffuses across the blood-brain barrier 
and thus provides cytotoxic activity against brain tumors such 
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as GBM. In addition, irinotecan is known to be effective against 
multi-drug-resistant glioblastoma cells. However, increased 
efficacy of irinotecan has been demonstrated when used with other 
chemotherapeutic agents [8–10]. Combination chemotherapy 
targeting the disease from different mechanisms has recently 
been investigated to develop more effective treatment protocols.

Borax whose chemical formula is sodium tetraborate 
decahydrate, is a common form of boron in nature and obtained 
from different natural sources [11]. It has beneficial effects in 
medicine such as antiseptic, antifungal, and antiviral and also 
anti-osteoporotic, anti-inflammatory, hypoglycemic, and anti-
coagulant [12,13]. The current literature indicates that borax has 
antioxidant properties with its free radical scavenging activity, 
inhibits proliferation in tumor cells, and therefore may exhibit 
anticancer effects by inducing apoptosis [14–18]. The mechanism 
underlying the anti-proliferative activity of borax has not been 
elucidated. However, there are not many studies investigating the 
biological activity of borax, especially in terms of its cytotoxicity 
in cancer cells. For these reasons, borax can be evaluated as an 
agent that can potentiate the effect of irinotecan. In this study, 
we investigated the possible effects of borax for enhancing the 
tumoricidal effects of irinotecan at different concentrations and 
combinations in human glioblastoma cell lines for 24 and 48 
hours.

Material and Methods 

Reagents 

RPMI1640 medium (R8758), FBS (F9665), Penicilin-
Streptomycin (P4333), L-glutamine (G7513), and Thiazolyl 
Blue Tetrazolium Bromide (M2128) were purchased from 
Sigma (Steinheim, Germany). Irinotecan (14180) was purchased 
from Cayman Chemical Company (USA). Borax (S9640) was 
obtained from Sigma (Steinheim, Germany). A Tunel assay kit 
was obtained from Millipore (S7101, MA, USA). 

Cell Culture

YKG1 human glioblastoma cell line (RIKEN cell bank, Tsukuba, 
Japan) was used for the experiment. Cells were placed into 75 
cm2 culture flasks and produced in RPMI-1640 containing 
L-glutamine suffixed streptomycin (100 µg/ml), penicillin (100 
U/ml), 10% fetal bovine serum (FBS), and 10 mM HEPES at 
37°C with 5% CO2 in a humidified cell culture incubator. The 
medium was replaced every 3 days. Glioblastoma cells were 
incubated with determined concentrations and combinations of 
drugs (borax, irinotecan, borax + irinotecan) for the indicated 
time periods (24 and 48 hours). Three separate wells were used 
for each dose administration. Irinotecan doses were established 
according to the previous study [19], and borax’ doses were 
established according to our preliminary study [20].

Experimental design 

The study was designed as follows: 

Group 1: Control group (no treatment, only 0.1% DMSO 

was used as a solvent). Group 2:  Borax administered groups 
(at concentrations of 1mg/ml, 3mg/ml). Group 3: Irinotecan 
administered groups (at concentrations of 50mM, 100mM). 
Group 4: Combination groups of borax and irinotecan, 
respectively (1mg/ml + 50mM; 3mg/ml + 50mM; 1 mg/ml + 100 
mM; 3mg/ml + 100mM. 

Cell viability assay

MTT(3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-
tetrazolium bromide) assay was used for detecting cell viability. 
MTT assay is a colorimetric survival assay based upon 
enzymatic degradation of the MTT formazan molecule in living 
cells. The purpose is to determine the percentage of surviving 
cells compared to the control after application. For this purpose, 
YKG1 cells were seeded into 96-well plates containing 100 µl cell 
suspensions at a concentration of 2x104 cells/ml for performing 
MTT. YKG1 cells were exposed to determined concentrations of 
borax, irinotecan, and borax + irinotecan combinations before 
the cytotoxicity determination and incubated for 24 and 48 hours 
at 37oC. DMSO was used for the control group. 20 µl MTT (5mg/
ml) was added to the wells and plates were incubated again for 
24 h at 37oC after 24 and 48 hours’ of incubation. Then MTT dye 
was removed and 150 µl/well of DMSO was joined to each well 
and incubated for 10 min in the dark at room temperature. Finally, 
the plates were analyzed using a microplate spectrophotometer 
(Epoch, Biotek Inst., Winooski, USA) at a wavelength of 5740 
nm. All experiments were performed three times, mean values 
were calculated and the percentage of cell viability was calculated 
for each group. Finally, control cell viability, not treated with 
components, was considered to be 100% and the viability of 
experimental cells was calculated as follows; 

Cell viability (%) = OD treatment/OD Control x 100.
Detection of apoptosis by Tunel method

Tumor cell apoptosis was examined by the Terminal 
Deoxynucleotidyl Transferase dUTP Nick-end Labeling (Tunel) 
method. The apoptotic activity of GBM cells was defined as the 
apoptotic index (APOI). APOI was calculated by proportioning 
the non-apoptotic cells to the apoptotic cells. Tunel assay 
was performed with in situ apoptosis detection kit Apoptag® 
(Millipore, S7101) according to the manufacturer’s protocol. 
Briefly, cells were seeded into 24-well plates and incubated for 
24 and 48 hours after drug administration. Cells were taken to 
tubes at a density of 1x106/ml per well and centrifuged for 5 min 
and treated with PBS and fixed with 4% formaldehyde, and cells 
were centrifuged for 5 min again. Subsequently, the cells were re-
suspended in 80% alcohol and taken to Poly-L-sine coated slides 
and permeabilized with Proteinase-K (100 µg/ml) and washed 
with TBS. Inactivation of endogenous peroxidase was provided 
with 3% H2O2 for 5 min. After washing with TBS, cells were 
incubated with Equilibration buffer at room temperature and TdT 
enzyme was added to the cells in a humidified chamber at 37oC 
for 60 min. Then stop wash buffer for 10 min and subsequently 
anti-digoxigenin conjugate for 30 min. were applied. Then slides 
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were washed with TBS and DAB was used to label the apoptotic 
cells. Then the slides were rinsed in water and counterstained 
with methyl green and after dehydrating, cleaned with xylene and 
mounted with Entellan (Sigma). Finally, slides were evaluated 
under a light microscope using an image analysis program (NIS 
Elements, Nikon, Japan). Apoptotic and non-apoptotic cells 
were counted under x40 magnification in six different areas and 
APOI was calculated by proportioning the non-apoptotic cells to 
apoptotic cells.

Statistical analyses

MTT results were subjected to one-way analysis of variance 
(ANOVA) using the Statistical Package for the Social Sciences 
(SPSS 21.0, SPSS Inc., Chicago, IL, USA) software. Differences 
among the groups were obtained using Tukey's test option. All 
data were expressed as mean ± standard error mean (SEM) in 
each group. Statistical significance was accepted as p<0.05.

Results 

Cytotoxicity results

The results of the viability test performed in the 24th and 48th hours 
are shown in Table 1 and Figure 1. According to these results, 
the application of alone irinotecan has had an effective cytotoxic 
effect on glioblastoma cells. While this cytotoxic effect did not 
show a significant change dose-dependently in the 24th hour, it 
gradually increased dose-dependently in the 48th hour. According 
to MTT results, an evident cytotoxic effect was observed after 
the application of borax alone both in the 24th and 48th hours on 
glioblastoma cells. In the borax alone-treated groups, an increase 
in cytotoxicity on YKG1 cells was observed parallel to the 
increasing doses both in the 24th and 48th hours. Cytotoxic effect 
on YKG1 cells caused by borax alone was more prominent than 
irinotecan alone treatment. In the combination groups formed by 
different doses of irinotecan and borax, it was observed that the 
combined use of irinotecan and borax potentiated each other’s 
cytotoxic effects to some extent in comparison to applications 
of irinotecan and borax alone. Cytotoxic effect was less than at 
lower dose combinations, it was observed to be higher at higher 
dose combinations. In MTT results after 24 hours, the most 
cytotoxic effect were observed in the combination of borax (1mg/
ml) + irinotecan (50 mM) administered group. Looking at MTT 
results, more pronounced cytotoxicity on the YKG1 cell line was 
observed at the 48th hour compared to the MTT results at the 24th 
hour. The most cytotoxic effects were detected in combinations 
of borax (1mg/ml) + irinotecan (50mM), borax (1mg/ml) + 
irinotecan (100 mM) and borax (3mg/ml) + irinotecan (10mM). 
Evaluating the effectiveness of the combined use of irinotecan 
and borax in the 24th and 48th hours, it has been proved by the 
ratio of dead cells detected in the 48th hour being significantly 
higher than in the 24th hour.

Tunel assay results

APOI was calculated by dividing the number of non-apoptotic 
cells by the number of apoptotic cells. AI results of the groups 

are shown in Figure 2 and images of the Tunel assay are shown 
in Figure 3. According to these results, the application of 
irinotecan alone caused a dose-dependent increase in apoptotic 
cell death in the glioblastoma cells both in the 24th and 48th 

hours. The application of borax alone was observed to enhance 
apoptotic cell death dose-dependently both in the 24th and 48th 

hours at similar values to the administration of irinotecan alone. 
Apoptotic cell death was observed considerably higher in the 
groups of irinotecan and borax administered alone at the 48th 

hour compared to the 24th hour and also apoptotic cell death was 
higher in combination groups of irinotecan and borax compared 
to irinotecan and borax were administered alone. As the weakest 
effect inducing apoptosis in combined use was observed at lower 
combination doses, the strongest effect was detected when borax 
and irinotecan were administered at the doses of borax (1mg/
ml) + irinotecan (50mM), and borax (1 mg/ml) + irinotecan (100 
mM) and borax (3mg/ml) + irinotecan (100 mM) both in the 24th 
and 48th hours.

Figure 1. Cytotoxic activities of Borax (B) and Irinotecan (IR) with by MTT 
assays on glioblastoma YKG1 cells at 24th and 48th hours. Values are expressed 
as mean ± SEM. Control group (no treatment, only 0.1% DMSO was used as 
a solvent). Irinotecan administered groups IR50 (50mM) and IR100 (100mM); 
Borax administered groups B1 and B3 (at concentrations of 1 mg/ml and 3mg/ml, 
respectively). δ shows a significant difference from the 24th hours of each group. 
(p<0.05); *shows significantly difference from the 24th hours of Control (p<0.05); 
# shows significantly difference from the 48th hours of Control (p<0.05)

Figure 2. Apoptotic index (APOI) of Borax (B) and Irinotecan (IR) with by 
MTT assays on glioblastoma YKG1 cells after Tunel assay at 24th and 48th hours. 
Values are expressed as mean ± SEM. Control group (no treatment, only 0.1% 
DMSO was used as a solvent). Irinotecan administered groups IR50 (50mM) 
and IR100 (100mM); Borax administered groups B1 and B3 (at concentrations 
of 1 mg/ml and 3 mg/ml, respectively). δ shows a significant difference from the 
24th hours of each group. (p<0.05); *shows significantly difference from the 24th 

hours of Control (p<0.05); #shows significantly difference from the 48th hours of 
Control (p<0.05)
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Figure 3. The immunohistochemically stained YKG1 glioblastoma cells (Tdt-
TUNEL based apoptosis detection kit). The cells green in color are non-apoptotic 
and brown in color are apoptotic cells (×200, scale bar: 50 µm). Control group 
(no treatment, only 0.1% DMSO was used as a solvent). Irinotecan administered 
groups IR50 (50mM) and IR100 (100mM); Borax administered groups B1 and 
B3 (at concentrations of 1 mg/ml and 3 mg/ml, respectively)

Table 1. Effects of irinotecan and borax on YKG1 glioblastoma cells’ viability 
after 24 and 48-hours of treatment

Groups
Cell viability (% of control)

24th hour 48th hour

Control 100 100

IR50 86±12 79±9.2

IR100 89±6.7 75±6.6

B1 73±8.4 54±6.3

B3 63±6.4 50±3.4

B1 + IR50 49±4.9 43±4.2

B3 + IR50 68±3.8 50±4.1

B1 + IR100 52±4.4 44±4.7

B3 + IR100 51±6 43±3.9

Values are expressed as mean ± SEM. Control group (no treatment, only 0.1% 
DMSO was used as a solvent). Irinotecan administered groups IR50 (50mM) 
and IR100 (100mM); Borax administered groups B1 and B3 (at concentrations 
of 1 mg/ml and 3 mg/ml, respectively)

Discussion

Brain tumors are very diverse in their biological behavior and 
therefore their treatments are considered a major issue in modern 
medicine. GBM is the most encountered primary cancer of the 
central nervous system in adults, characterized by uncontrolled, 

aggressive cell proliferation, infiltrative growth in the brain, and 
general resistance to conventional treatment [20,21]. Despite 
management improvements, the outcome of patients remains 
extremely poor, with a mean life expectancy of approximately 
1-2 years. Different combination chemotherapies are considered 
to overcome this aggressive cancer. It has become clear that 
therapeutic improvements will likely depend on effective 
combination therapies targeting multiple mechanisms. More 
effective new agents, or novel synergic combinations, are 
required for GBM treatment [2,5-7]. Although temozolomide 
is the standard chemotherapy regimen for primary GBMs, 
recurrent GBMs are frequently treated with high doses of DNA 
topoisomerase inhibitors such as irinotecan [8,9].

Irinotecan, which inhibits Topoisomerase-I, is widely used as a 
second-line drug for the treatment of GBM. DNA topoisomerases 
are nuclear enzymes that reduce torsional stress in supercoiled 
DNA, allowing for selected regions of DNA to become 
sufficiently relaxed to permit its replication, recombination, 
repair, and transcription [23]. Irinotecan is broadly used in 
solid cancer therapy, especially in combination with other drugs 
[10,19]. In previous studies, topoisomerase inhibitors have 
demonstrated antitumor activity in human glioblastoma cell-line 
with multidrug resistance [24,25]. Irinotecan has the capacity 
to deactivate the proliferation of tumor cells by attenuating the 
early phase of the cell cycle, G1. At the same time, irinotecan 
can impede metastatic processes and induce apoptotic cell 
death which is primarily responsible for its anti-tumor activity 
[26]. SN-38 (7-Ethyl-10-hydroxycamptothecin) is a metabolite 
that occurs with the carboxylesterase-mediated breakdown of 
irinotecan and it is 100–1.000 times more potent than irinotecan. 
Glioma cells are capable of converting irinotecan to SN-38 by 
intrinsic tumor carboxylesterases [27,28].

The effects of boron on many diseases have been the subject of 
research in the field of health recently. The biological, medical, 
and environmental roles of boron have attracted considerable 
attention over the years. Boron is an essential element for 
normal growth and development which is involved in a series of 
important physiological functions, including membrane integrity, 
cell wall formation, calcium uptake, protein metabolism, nucleic 
acid metabolism, and translocation [11]. Furthermore, boron 
has extensively been used in a variety of industries, including 
insecticides, food preservatives, fire retardants, glass products, 
detergents, and reagents for chemical synthesis [14]. Because 
boron is preferably used in industry, its medical applications are 
omitted today. What impacts it may create on cancer patients 
has been one of the recent issues recently. The consumption 
of nutrients with rich boron contents such as nuts, avocados, 
broccoli, and raisins has been reported to decrease the risk of 
certain cancers. Dietary boron intake is associated with reduced 
some cancers risks such as prostate and lung cancers [15-18]. 
In addition, epidemiological, animal, and cell culture studies 
have identified boron compounds have anti-tumor properties as 
chemo-preventative agents [14]. It has been observed in a study 
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that when administered to the cancer cells in the culture medium, 
different boron products have decelerated the proliferation of 
cancer cells. It has been shown that boron reduces the expression 
of cyclin proteins (cyclin A1, B1, C, D1, and E) which are 
effective in the cell cycle, inhibits Ca+ release by NAD+CADPR 
system, and induces apoptosis [29]. In light of this information, 
it has been considered that boron can show beneficial effects 
on cancer treatment. Accordingly, in an effort to find better 
treatments for glioblastoma, we tested and compared single borax 
and irinotecan and also combined borax + irinotecan agents for 
their ability to enhance the standard cytotoxic drug currently 
used to treat glioblastoma. Current literature sources indicate 
the predominant activity of irinotecan on GBM. In patients with 
recurrent glioblastoma, irinotecan has been found to significantly 
improve survival when combined with Bevacizumab [30]. In 
the cell culture study, it was stated that irinotecan alone or in 
combination with alisertib showed efficacy by providing strong 
inhibition of O6-methylguanine DNA methyl transferase. In the 
study, it was determined that irinotecan showed absolute synergy 
with other agents [31]. Another study’s data reveal that the 
metformin and irinotecan have the potential to decrease neurons 
and U-87 MG glioblastoma cell viability, in vitro; however, in 
vivo studies disclose that the metformin and irinotecan have the 
capacity to reduce tumor size in Sprague–Dawley rats [32].

The present study demonstrated that irinotecan alone 
demonstrated more cytotoxicity on YKG1 cell-lines at 48th 
hour dose-dependently, as compared to 24th hour. Borax alone 
also showed higher cytotoxicity in both 24th and 48th hour 
than irinotecan alone administration. In addition, in borax-
administered groups, an increase in cytotoxicity was observed 
from low dose groups to high dose groups in both 24th and 48th 
hours. We found that both borax and irinotecan, as a single agent, 
effectively induced apoptosis dose-dependently at 24th and 48th 

hours. The combination therapy of borax and irinotecan has 
additive cytotoxic effects on YKG1 cells. Combined use of borax 
and irinotecan treatment remarkably reduced cell proliferation 
on YKG1 glioblastoma cells compared to single treatments of 
them which appears to be a consequence of increased DNA 
damage, resulting in apoptosis induction. Combination of borax 
with irinotecan enhanced anti-tumor efficacy in vitro by inducing 
cell death by apoptosis, to impressively increase the efficacy of 
irinotecan, a topoisomerase-1 inhibitor used in cancer treatment 
[29]. Borax showed potent synergic effects with irinotecan, and 
the most potent combinations were shown in combinations of 
borax (1 mg/ml) + irinotecan (50 mM) at 24th hour and also 
borax (1 mg/ml) + irinotecan (50 mM), borax (1 mg/ml) + 
irinotecan (100 mM) and borax (3 mg/ml) + irinotecan (100 mM) 
combinations had remarkably strong synergistic cytotoxic and 
apoptotic effects to YKG1 cells at 48th hour. The data obtained 
indicate that borax potentiates the cytotoxic effects of ironotecan 
on YKG1 glioblastoma cells.

The obtained results show that individual use of borax and 
irinotecan demonstrated lower cytotoxic and apoptotic effects 

compared to the combined use. Nevertheless, these effects 
were observed more than in particular at high dose usages. The 
obtained results showed us that supplementation appropriate 
doses of borax can enhance the cytotoxic and apoptotic effects 
of irinotecan during irinotecan chemotherapy. Our data highlight 
the therapeutic potential of borax used in combination with the 
known chemotherapy drug irinotecan and offer important insights 
for the development of more effective and selective therapies 
against GBM. However, these dosages must be supported by 
phase 2 study levels, before the implementation of phase 3 of a 
large study. 

Conclusion

It was found that irinotecan and borax as a single agent inhibited 
the proliferation of YKG1 cells and enhanced cytotoxicity 
and apoptosis. The irinotecan-borax combined therapy had a 
synergistic effect on the antitumor efficacy of glioblastoma 
treatment, not only increasing tumor cell apoptosis but also 
significantly inhibiting tumor cell proliferation. In patients 
with glioblastoma, the combination of borax and irinotecan 
may be promising for a new anti-cancer therapy. The effect of 
borax on mechanisms can be better understood if new studies 
are performed with different timings and doses with further 
investigations. However, more studies are needed to prove this 
synergism with the borax-irinotecan combination.
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