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Dyes are an important class of natural and synthetic compounds, recently studied as potential anticancer
drugs. Among various natural dye molecules, Curcumin was extensively studied in treatment of malignant
gliomas, a highly incurable disease. Curcumin was reported to induce cell death in malignant gliomas by
induction autophagy and apoptosis. We have previously reported that Helianthin, a synthetic dye compound,
also induced apoptotic cell death in high grade glioma cells. In this study we evaluated the antiproliferative
and the apoptotic effect of Curcumin and Helianthin on a human low passage glioblastoma cell line. We
found that both compounds displayed antiproliferative properties on glioblastoma cells, however, at equimolar
concentrations, Helianthin induced more cytotoxic effect than Curcumin. IC50 value is considered a good
indicator of drug efficacy. We found that Helianthin required a lower concentration to achieve IC50 (16.9.735
±14.8 µM) than Curcumin (68.5 ±12.3 µM). We also found that Curcumin and Helianthin treatment induced
caspase 3, 8 and 9 activation in glioblastoma cells. This study may lead to a widespread search for dye
agents that may represent an untapped source of drugs for cancer treatment.
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Dyes compounds, are either natural (e.g. Curcumin,
Quercetin) or synthetic (e.g. Helianthin, Methyl Yellow,
Methyl Red) products that represent a new promising class
of anti-tumor drugs. In the last years, these substances
gained attention as chemotherapeutic agents because of
their cytotoxic efect on malignat cells as well as their
favorable toxicity profile in vivo.

Dye compounds have been demonstrated to have
antiproliferative effects on cancer cells, by interfering with
receptor tyrosine kinases (RTKs) signaling, some of them
inducing apoptosis in malignant cells [1-3].

Natural products are considered a very important source
of antineoplastic agent, a vast numbers of drugs used in
cancer treatment are plant-derived natural products [4, 5].
The most common natural dye compound, Curcumin,
shows promise as potential new antineoplastic drug in vivo
and in vitro, in several types of malignancies. However, the
substance has not yet reached the levels of drugs that may
be suitable for use in clinical practice. Curcumin, also
known as Turmeric, is used from ancient times in Indian
medicine. The substance is a natural phenolic compound
extracted from the plant Curcuma longa and was used
from antiquity for treatment of several diseases [6] and
proved to have antiproliferative, antimetastatic,
antiangiogenic and antimutagenic capacities on various
types of solid tumors [7-9]. Turmeric has a growth inhibitory
effect on many types of malignant cells including liver,
pancreas, breast, colon,kidney, prostate, skin, blood, [10,
11] and also inhibits the proliferation of glioblastoma [12].
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The efficacy of Curcumin in glioblastoma treatment was
investigated by many research groups. It’s antiproliferative
effects on glioblastoma cells first demonstrated in vitro by
Ambegaokar et al. in 2003 [12]. Next years, other scientists
demonstrated the efficacy of Curcumin used either alone
or in combination to other chemotherapeutics or radiation
therapy [13]. Turmeric is able to initiate apoptosis in
glioblastoma cells through the activation of poly ADP ribose
polymerase (PARP) and caspases activation [14]. Also, in
glioblastoma cells, Curcumin acts as inhibitor of growth
protein 4 (ING4) signaling pathway, activates a non-
apoptotic autophagy signal, induces differentiation
cascade, activates proteolytic pathways and induces
apoptosis mediated through apo2 ligand and tumor
necrosis factor (TNF)-related apoptosis-inducing ligand
(TRAIL/Apo2L) [15, 16].

Curcumin was tested in vivo and, in spite the limited
number of studies, the results are encouraging. In 2012
Wolff et al. published the preliminary promising data of a
clinical trial which used curcumin in association with other
treatments for a personalized and targeted therapy in
pediatric brain tumors [17].

The antimicrobial properties of synthetic dye compounds
(i.e., methylene blue, trypan red, Acridine) were known
from the middle 19th century. Now researchers began to
ask whether synthetic dye moieties have anticancer
properties. Acridine and its derivatives were shown to
exhibit antineoplastic effect on cervical and lung cancer
cells in vivo [18].
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Further use of this type of dye substances was
investigated as a treatment for other tumor cells with a
very promising early result [19].

In our previous work, we also found that Helianthin
(methyl orange), a synthetic azo-dye compound, induced
cell death in high grade glioma cell lines. We also found
that the substance induced apoptosis by PARP degradation,
without affecting the expression of B-cell lymphoma 2 (Bcl-
2) [2]. In this paper, we evaluate and compare the
antiproliferative and the apoptotic effect of Curcumin and
Helianthin on a human low passage glioblastoma cell line.
Unlike established cell lines, low-passage cell cultures
seem to preserve in a better way the features of the original
tumor.

Experiemntal part
Materials and methods

Cell lines and cell culture. The human primary
glioblastoma cell line GB10B, is a low passage primary
brain tumor cell line derived from fresh glioblastoma tissue.
The tumor was collected from a patient diagnosed with
glioblastoma and surgically operated, following standard
procedures at Bagdasar-Arseni Hospital in Bucharest. The
informed consent of the patient and the ethical approval
for the project (Commission for Ethics and Deontology UMF
of Craiova) were obtained prior to surgery and any
experiment. The tissue was mechanical and enzymatic
digested and after the trituration and filtration, the sample
was centrifuged for 10 min and the cells were resuspended
and cultured using standard procedures. The cell line was
grown in minimum essential medium eagle (MEM)
containing 10% fetal bovine serum (FBS), 2mM glutamine
and antibiotic (100 UI/ mL penicilline and 100 UI/mL
streptomycine). The cells were incubated at 37 and 5%
CO2 in a humidified incubator (CO2 Incubator Innova CO-
incubated at 170) in 25 cm2 culture cell bottles.

Curcumin preparation
Curcumin was purchased from Sigma Aldrich. The

Curcumin powder was dissolved in Dimethyl Sulfoxide
(DMSO) in order to obtain a 100mM stock solution. The
solution was stored at -20oC, protected from light. We used
different concentrations (0.1 µM, 1 µM, 2 µM, 5 µM, 10 µM,
20 µM, 50 µM, 100 µM, 150 µM) of Curcumin by diluting the
stock solution with standard medium.

 Helianthin preparation
Helianthin (Methyl Orange), was purchased from Santa-

Cruz. The Helianthin powder was dissolved in H2O2 in order
to obtain a 100mM stock solution. The solution was stored
at -20oC, protected from light. We used different
concentrations (0.1 µM, 1 µM, 2 µM, 5 µM, 10 µM, 20 µM,
50 µM, 100 µM, 150 µM) of Helianthin by diluting the stock
solution with standard medium.

MTT cellular proliferation assay
The antiproliferative effect of Curcumin and of

Helianthin, was examined using MTT assay (Sigma Aldrich).
The assay is based upon the cleavage of the yellow
tetrazolium salt MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide) to purple formazan crystals
by metabolically active cells. Tests were conducted with
4000 cells/well, plated in 200 µL media in 96-well plates,
with six replicates. Cells proliferation was quantified 72 h
after treatment., MTT reagent (10 µL) was added to each
well and then incubated for 4h at 37°C. After that, cells
were lysed by addition of 100 µL solubilization buffer. Optical
density was measured using a spectrophotometer at 595

nm and relative cell viability was expressed as percentage
of that in untreated control cultures.

IC50 calculation. To estimate the inhibitory
concentration that kills 50% of cells (IC50), the formula
used was:

                      IC50 = [(50-X)/ (Y-X)] x (W-Z) + Z.
where X is the first point on the curve, expressed as percent
inhibition, that is less than 50%, Y is the first point on the
curve, expressed as percent inhibition, that is greater than
or equal to 50%; Z is the concentration of inhibitor that
gives X% inhibition; and W refers to the concentration of
inhibitor that gives Y% inhibition. IC50 value was calculted
from the dose-response curves for each compound [20,
21].

Cell apoptosis assay
Apoptosis was analyzed using ApoTarget Caspase-3

(CPP32) Colorimetric Protease Assay kit, ApoTarget
Caspase-8 (FLICE) Colorimetric Protease Assay kit,
ApoTarget Caspase-9 (Mch6/Apaf-3) Colorimetric Protease
Assay kit using the manufacturer ’s recommendation
(Invitrogen, Life Tefnologies, USA). Caspases are cysteine
protease, which exist as inactive pro-forms. By inducing
apoptosis, they are cleaved to active form. For experimental
purposes we seeded into 10 cm Petri dishes. The cells
treated with IC50 concentration of the Curcumin and
Helianthin (taken from dose response) for 4, 8, 24, 48 h or
untreated cells were trypsinated and the cytosolic fraction
was isolated at a concentration of 3 × 106 per sample. The
samples were transferred in 96-well plates, after adding
50 µL of 2× Reaction Buffer/DTT (10 mM dithiothreitol) to
each sample and 5 µL of 4mM IEDT-Pna (Ile-Glu-Thr-Asp/
p-nitroanilide) substrate per sample the plates were
incubated at 37oC in a dark incubator for 2 h. The samples
were read at an absorbance of 405 nm in a 96-well
microplate reader at a spectrophotometer Star Fax-2100
(AWARENESS TECHNOLOGY INC).

Statistical analysis
All data are represented as mean ± SEM. Data were

analysed using ANOVA two-tailed t-test test for analysis. P
< 0.05 values were considered statistically significant.

Results and discussions
The effect of Curcumin and of Helianthin on glioblstoma
cell viability.

In the present work we investigated the ability of
Curcumin and of Helianthin to inhibit GB10B cells growth
in vitro. The cells were exposed to increasing doses of
Curcumin and Helianthin respectively. The concentrations
of the two studied dye compounds varied from 0.1µM to
150 µM. The proliferation rates were evaluated 3 days after
treatment by performing the MTT assay (Material and
methods section).

Our results showed that Curcumin reduced cell survival
by a maximum of 77% when compared with control cells.
The concentration of Turmeric that induced this cytotoxic
effect was of 100µM. This was statistically significant
compared with normal controls(p<0.05) (fig. 1). Minimum
inhibitory concentration of Curcumin was 0.1 µM and
provoked only approximately 2% GB10B cell death. Higher
Curcumin concentrations did not induce more cytotoxicity
(fig. 1).

Helianthin treatment also had antiproliferative effect on
GB10B cells. While minimum inhibitory concentration (0.1
ìM) induced only approximately 10% cells death, 100 µM
Helianthin reduced cell survival by approximately 85%
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when compared with untreated control glioblastoma cells.
Similar results were obtained when used 150µM  Helianthin
when the decrease of cells survival was of approximately
86.5%. This decrease in cell survival was statistically
significant compared with untreated control (p<0.05).

 IC50 calculation
The IC50 value is very important in evaluation of the

drug cytotoxic potency. The IC50 value is also important
when comparing drug effect on different compounds.

We determined the half inhibitory concentration to
induce 50% cell death (IC50) was determined in GB10B
cell line for Curcumin and also for Helianthin. We found
that IC50 value was 68.5 ±12.3 µM for Curcumin, and
16.9.735 ±14.8 µM for Helianthin. Our result showed that
the most potent among two tested dye compounds was
Helianthin.

Activation of caspase3, 8 and 9 by Curcumin and Helianthin
drugs-induced cell death.

To evaluate whether the cytotoxicity of Curcumin and
Helianthin induced apoptotic cell death, GB10B cells were
exposed to IC50 concentration of each drug (taken from
dose response) and apoptos induction was determined by
caspase 3, 8 and 9 assay.

Caspase 3 activation
Caspase 3 is an executioner caspase involved in the

coupling between the extrinsic and the intrinsic pathways
of apoptosis. The activation of caspase 3 is subsequent to
the activation of caspase 8 and 9. Several research studies
demonstrated that Curcumin treatment activates caspase
3 in glioblastoma cells [22, 23].

In this part of the study, the cells treated with 68.5 µM
Curcumin (IC50) or 16.9 µM Helianthin (IC50) for 4, 8, 24,
48 h or untreated cells were assayed. for activation of
caspase 3 (fig. 2).

We found that 63.8 µM Curcumin induced caspase 3
activation at 12h after the treatment and remained active
at 24h and 48h after drug administration (fig. 2A). The
treatment with 16.9 µM Helianthin induced caspase 3
activation with a peak at 12 ha returned to base-line at 24
and h after the treatment (fig. 2B).

Caspase 8 activation.
Caspase 8 is an initiator caspase. This proapoptotic

protease activation precedes the activation of caspase
3.There are a few number of studies that demonstrated
the activation of caspase 8 by Curcumin administration in
glioblastoma cells [14, 16, 24].

For caspase 8 evaluation, the cells were treated with
IC50 concentration of the Curcumin or Helianthin for 4 , 8 ,
24, 48 h and activation of caspase 8 was determined
spectrophotometrically, as indicated in the section Material
and Methods.

Fig. 1. The effect of Curcumin and Helianthin on GB10B cells. Cells
seeded at 5×104 cells/well were grown in standard medium.

Cytotoxic effects of Curcumin (A) and Helianthin was evaluated
following treatment with increasing drugs concentrations (0.1, 1, 2,

5, 10, 20, 50, 100 and 150 µM) at 72 h, by MTT assay. Results are
expressed as percentage of control. Data are mean and standard
error of at least three separate experiments.  Error bars are the
mean ± SD for each drug concentration and represent the linear

model fit to the data.
* Represents significant difference from control (p<0.05)

Fig. 2. The levels of caspase 3 induction by treatment with
Curcumin and Helianthin in the GB10B cell line. The cells were

treated with IC50 concentration of the Curcumin (A) or Helianthin
(B) for 4, 8, 24, 48 h and activation of caspase 3 was determined

according to manufacturer’s instructions (Invitrogen, Life
Tefnologies, USA). Results are expressed as fold increase relative
to control. Data are represented as mean and standard deviation

from at least three separate experiments,
* Represents significant difference from control (p<0.05)
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The treatment with 16.9 µM Helianthin induced early
caspase 8 activation at 4 h , remained active at 8 h and
progressivelly increased at 12, 24 and 48 h after treatment
(fig. 3B). In contrast to Helianthin, 4 and 8 h incubation
with Curcumin at IC50 concentration did not show a
significant (p≥0.05) increase of caspase 8 in glioblastoma
cell (fig 3A). The treatment induced a significant increase
(p≤ 0.05) at 12 h an returne to base-line at 24 and 48 h
after the treatment (fig. 3A).

Caspase 9 activation
Caspase 9 activation occurs early in apoptosis preceding

both caspase 8 and caspase 3. In fact, caspase 9 is an
initiator caspase involved in the intrinsic pathway of
apoptosis. Curcumin treatment proved to induce caspase
9 activation in glioblastoma cells [14, 16, 23].

In our experiments we evaluated caspase 9 activity by
treating the cells with IC50 concentration of the Curcumin
or Helianthin for 4, 8, 24 and 48 h respectively. The activation
of caspase 8 was determined spectrophotometrically, as
indicated in the section Methods.

Both dye compounds activated caspase 9 at 4 h after
administration. Caspase 9 remained active up to 48 h after
incubation with 65.8 µM Curcumin (fig. 4A) and 16.9µM
Helianthin (fig. 4B). The results were statistically significant
(p≤0.05).

Glioblastomas, a type IV malignant glioma, are very
aggressive brain tumors. In spite of current advances in
multimodality therapy the prognosis of these patients
remains extremely poor. Recently there are attempts to
improve the present therapeutic approaches for these
tumors. Among them is the discovery of novel anti-
neoplastic drugs that are more efficient and less aggressive
with the healthy tissues [25].

In the last years, literature enriched with reports showing
that natural products extracted from plants or synthetic
structures derived from natural compounds represent a
hope for cancer patients. Nowadays, there are publications
that underline the reasoning for using those new drugs as
anti-tumor therapy alone or in combination with other
treatments [5, 26, 27].  Among those new drugs are dyes,
a major class of natural and synthetic compounds with a
variety of therapeutic properties [27]. In recent years, some
azo dye products have shown promise both as a potential
antitumour agents alone or in combination with
conventional treatment for several types of
malignancies.These natural(e.g curcumin, quercetin,
saffron etc), or synthetic(e.g. helianthin etc) compounds
proved to have antiproliferative efect on neoplastic cells
and low toxicity in vivo. They have been demonstrated to
have antiproliferative effects on cancer cells, by inhibiting
RTKs signaling and inducing apoptosis  [2, 12].

Fig. 3. The levels of caspase 8 induction by treatment with
Curcumin and Helianthin in the GB10B cell line. The cells were

treated with IC50 concentration of the Curcumin (A) or Helianthin
(B) for 4,  8, 24, 48 h and activation of caspase 8 was determined

according to manufacturer’s instructions (Invitrogen, Life
Tefnologies, USA). Results are expressed as fold increase relative
to control. Data are represented as mean and standard deviation

from at least three separate experiments,
* Represents significant difference from control (p<0.05)

Fig. 4. The levels of caspase 9 induction by treatment with
Curcumin and Helianthin in the GB10B cell line. The cells were

treated with IC50 concentration of the Curcumin (A) or Helianthin
(B) for 4 hours, 8 hours, 24 hours, 48 hours and activation of

caspase 9 was determined according to manufacturer’s
instructions (Invitrogen, Life Tefnologies, USA). Results are

expressed as fold increase relative to control. Data are
represented as mean and standard deviation from at least three

separate experiments,
* Represents significant difference from control (p<0.05)
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In our study we analyzed the antiproliferative and
apoptotic effect of Curcumin and Helianthin treatment on
GB10B low passage glioblastoma cell line in vitro. In fact,
clinical protocols are preceded by preclinical studies of
cytotoxicity using immortalized cell lines. However,
established cell lines are often unable to reproduce the
original tumor characteristics. Also, long-time culture
cancer cells tends to accumulate a series of DNA
mutations, cells morphology changes, growth rates
alterations and expression of dysfunctional proteins [28,
29]. Here, we used a low-passage glioblastoma cell line
obtained in our laboratory from fresh tumor tissue.

Several reports sustain the cytotoxic effect of Curcumin
on various types of solid tumors, including glioblastomas.
The first study that demonstrated the capacity of Curcumin
to kill glioblastoma cells was published in 2003 [12]. Since
then, various studies were made on different glioblastoma
cell lines [22]. Although administration of Turmeric showed
encouraging results in vitro, until now the drug was used
only in a few clinical trials including one clinical trial of
pediatric brain tumors. The preliminary results of this trial
are promising but the substance is not yet used as a
standard treatment for humans [17]. Our experiments
demonstrated that the administration of Curcumin to
GB10B culture induced cytotoxicity in a dose dependent
manner (fig. 1). The maximum antiproliferative effect of
the drug was obtained at 100 ìM and determined a reduction
in cell viability up to 77%. This Curcumin concentration of
100µM seems to be safe as Turmeric is used in Indian diet
for thousands of years and proved no toxicity when
administered at doses up to 10 g/day.

Compared with Curcumin, synthetic azo-dye compound
Helianthin was until now studied only on high grade glioma
cell lines in vitro. In fact, we have previously shown that
the substance induced apoptosis in several high grade
glioma cell cultures. Now we found that 100 ìM Helianthin
drastically induced decrease in cell viability, killing 85% of
GB10B cells. This concentration of Helianthin seems to be
safe as it was proved most azo-dyes have a median lethal
dose(LD50) values between 250 and 2000 mg/kg body
weight in the mammal tests [30]. Thus, our data showed
that synthetic dye Helianthin had a greater cytotoxic effect
on GB10B cells when compared with natural dye
compound Curcumin. Consistently with our previous work,
we observed that 1ìM Helianthin killed approximately 40%
of our GB10B cells [2].

It is already known that programmed cell death
(apoptosis) is a vital process in all living cells. However, in
glioblastoma cells apoptosis is widely deregulated [31]. In
glioblastoma, the intrinsic apoptosis pathway is regulated
by the pro-apoptotic protein Bcl2, reported to determine
the increase of membrane permeability, which
subsequently determines the release of cytochrome 3. It
also induces caspase 9 activation and subsequent
activation of caspase 3 [31]. The extrinsic pathway in
glioblastoma involves the induction of the death receptors
trimerisation, results in the recruitment and activation of
caspase 8 and 10. Activation of these caspases leads in
the cleavage of target substrates by caspase 3. In that way
the 2 pathways are linked [32, 33].

In our work we investigated the capability of Curcumin
and of Helianthin to induce apoptosis in GB10B cells. It is
already known that Curcumin is capable to induce
apoptosis in glioblastoma by activation of pro-apoptotic
proteins and inhibition of anti-apoptotic signals. The drug
is also involved in the activation of non-apoptotic
autophagy, induces differentiation cascade signaling,
inhibits matrix metalloproteinases (MMPs) and glucose-6-

phosphate transporter (G6PT) gene expression and also
activates proteolytic pathways [34, 35]. Here, we observed
that after treating GB10B cells with Curcumin, caspase 3
activated at 12h after the treatment and remained active
up to 48h after the administration of the drug. Caspase 8
was active only at 4h and 12h after Turmeric administration
while caspase 9 activated at 4h after the administration of
the drug. Caspase 9 remained activated up to 48h after
Curcumin administration.

In our previous studies we reported that Helianthin
treatment was associated with PARP degradation without
affecting expression of Bcl-2 in high grade glioma cell lines
[2]. In the present study, we observed that Helianthin
activated caspase3 in GB10B cells only at 12h after the
administration of the drug (fig. 2B). Caspase 8 was first
activated at 4h after administering the drug and remained
active up to 48h after. In contrast to caspase 3 and 8, after
Helianthin treatment, early caspase 9 activation was
detected (4 hours after the treatment), that successively
increased until the end of treatment. These results suggest
that Curcumin and Helianthin treatment may induce death
in GB10B cells by activation of both extrinsic and intrinsic
pathways. However further studies are necessary to better
understand the apoptotic mechanisms induced by dye
compounds in glioblastoma.

Conclusions
In conclusion, this study demonstrates that Curcumin

and Helianthin treatment induces cell death in glioblastoma
cells in vitro and Helianthin displayed better antiproliferative
capacity than Curcumin. We also found that Curcumin and
Helianthin treatment determined caspase 3, 8 and 9
activation in GB10B cells. Further on more studies are
necessary to conclude whether Curcumin and Helianthin
might be effective chemotherapeutics agents in vivo. More
importantly, this study may lead to a widespread search
for dye agents that may represent an untapped source of
drugs for cancer treatment.
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