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Introduction

Brain tumors are the most commonly diagnosed malig-
nant gliomas in adults. These malignant astrocytic 
tumors exhibit a high proliferation rate and an aggres-
sive growth pattern (Ohgaki & Kleihues, 2005). Several 
studies have suggested that the flavonoids have chemo-
preventive and therapeutic potential against malignant 
gliomas (Ren et  al., 2003). Flavonoids are polyphenols 
that are found in tea, beer, coffee, and other fruits and 
vegetables. The use of flavonoids as anticancer agents is 
being seriously considered (Kanadaswami et  al., 2005). 
Prenylated chalcones are intermediate products in the 
biosynthesis of flavonoids. They have been shown to have 

several advantageous biological properties including 
antibacterial, antitumor, and anti-inflammatory proper-
ties (Middleton 1996; Dimmock et al., 1999; Kondratyuk 
& Pezzuto, 2004; Go et al., 2005; Liu et al., 2010). It has 
been shown that WJ9708011, a newly discovered geranyl 
prenylated chalcone semisynthesized from naturally 
occurring nymphaeol C (Huang et al., 2007), has potential 
against the brain gliomas. In this study, a newly discov-
ered prenylated chalcone was used in glioblastoma and 
malignant glioma cell line studies. The results obtained 
can be used for the development of new drugs.

New drug development typically involves the follow-
ing three steps: conducting a cell line study, developing 
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animal models, and carrying out human epidemiological 
trials. Cell line studies can help identify molecular targets 
that can be used to elucidate pathways. Two independent 
variables, dose and uptake time, are the major factors 
that help determine the biological ability of drugs. The 
conventional method that involves the evaluation of one 
variable at a time is a time-consuming process. In addi-
tion, the newly developed drug is usually available in lim-
ited quantities and is expensive. This makes it impractical 
to use large amount of a new drug for testing purposes. 
Hence, a new approach is necessary for improving the 
development process of new drugs.

Response surface methodology (RSM) is an effective 
statistical technique for process optimization, and has 
widely been used in chemical and biological applica-
tions for predicting optimal operating conditions (Chang 
et al., 2002; Cacace & Mazza, 2006; Bas & Boyaci, 2007). 
However, there have been no studies on the application 
of RSM for the cell line studies. Unlike traditional meth-
ods, RSM allows the evaluation of two or more variables 
and studies the interactions between these variables. 
RSM also reduces the number of experiments and thus 
requires less material. The goal of this study is to evalu-
ate the use of prenylated chalcone in glioblastoma and 
malignant glioma cell line studies by using RSM.

Methods

CNS1 (glioblastoma) and 13-06 (malignant glioma) cells 
were obtained from National Cheng Kung University 
(Taiwan). These cells were grown in Dulbecco’s modified 
Eagle’s medium (DMEM; Invitrogen™, Gibco, New York, 
NY) containing 10% heat-inactivated fetal bovine serum. 
The cells were incubated at 37°C with 5% CO

2
-enriched 

air. After the cells reached confluence, subcultures were 
prepared using 0.02% ethylene diaminetetraacetic acid 
(EDTA) and 0.05% trypsin. The cells were cultured on 
96-well tissue culture plates (approximately 2 × 104 cells) 
at 37°C with 5% CO

2
-enriched air. A confluent monolayer 

culture was achieved after 1 or 2 days.
WJ9708011 is a newly discovered prenylated chalcone 

and a member of the flavonoid family with a common 
phenylbenzopyrone structure (Figure 1). The prenylated 
chalcone concentrations (μg/ml) and uptake times 
(hours) were determined on the basis of the RSM experi-
mental designs (Table 1). Dimethyl sulfoxide (DMSO) was 
used as the solvent to dissolve prenylated chalcone, and 
the solubility was 10 mg/1 ml. The cell viability was evalu-
ated using the MTT (3-(4,5-dime thylthiazol-2-yl)-2,5- 
diphenyl tetrazolium bromide) cell proliferation assay. 
After incubation, the cells were washed with phosphate 
buffer, and then 20 μl of MTT reagent was added. The cells 
were incubated for 2 h at 37°C. The intracellular purple 
formazan formed and could be solubilized with 110 μl of 
DMSO. Next, 100 μl of prepared sample was transferred 
to a 96-well plate and analyzed using an enzyme-linked 
immunosorbent assay (ELISA) reader (Multiskan RC, 
Labsystems Inc., Franklin, MA). The absorbance of each 

sample was measured at a wavelength of 490 nm at 25°C. 
The cell viability was normalized with the control unit, 
and expressed as a percentage.

Normalized cell viability ( )

Final cell number initial cell num
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 The second-order model, including linear, quadratic, 
and interactive components, was chosen for the RSM 
analysis.
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Figure 1.  The general chemical structure of a typical prenylated 
chalcone compound.

Table 1.  Experimental data and the observed response values 
(normalized cell viability, %) of CNS1 and 13-06 cells with two 
independent factors, X

1
 (prenylated chalcone concentration, μg/

ml) and X
2
 (uptake time, hours).

Run No.

Factors
Response values 

Normalized cell viability (%)

X
1
 (μg/ml) X

2
 (hours) CNS1 13-06

1 10 (−1)a 12 (−1) −5.6 −23.5
2 10 (−1) 36 (1) −17.2 −40.3
3 20 (1) 12 (−1) −11.3 −26.2
4 20 (1) 36 (1) −19.1 −52.4
5 15 (0) 24 (0) −5.8 −27.4
6 15 (0) 24 (0) −9.2 −26.7
7 15 (0) 24 (0) −9.9 −26.8
8 15 (0) 24 (0) −5.3 −27.7
9 15 (0) 24 (0) −4.6 −27.2
10 22.1 (1.41) 24 (0) −50.4 −62.8
11 7.9 (−1.41) 24 (0) −9.3 −17.3
12 15 (0) 41 (1.41) −20.9 −7.2
13 15 (0) 7 (−1.41) −23.5 −19.8
a (−1), (0), and (1) are coded symbols for levels of independent 
factors.
Response values were means of three replicates.
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the experiment. For two-factor design, α is 1.414. The 
statistical evaluation was performed by running an 
analysis of variance (ANOVA) with SASR (version 9.0, 
SAS Institute Inc., Cary, NC). The results were compared 
using Student’s t-test, and the complete analysis had a 
0.05 significance level (α = 0.05).

Results and discussion

The influence of the prenylated chalcone concentration 
and uptake time on the cell viability was evaluated by a 22 
factorial design with three replicates (Table 1). The data 
shown in Table 1 are the mean values of three measure-
ments. A negative value for the normalized cell viability 
means that the prenylated chalcone compound was able 
to inhibit the growth of both CNS1 and 13-06 cells. A 
large variation in the repetition of the central point was 
because of the difficulty in mixing. A heavy mixing force 
may damage cells; thus, the mixture was mixed gently 
and this may have caused the variation. This kind of varia-
tion is very common in the conventional cell line studies. 
Although efforts have been made to minimize variation, a 
certain degree of variation still exists. A regression analy-
sis was carried out to fit the mathematical model with the 
experimental data. The coefficients of the second-order 
model for CNS1 and 13-06 cells are shown in Tables 2 
and 3, respectively. The second-order model expressed 
by equation 2 was used to predict the cell viability.

CNS1 (glioblastoma) cells
The RSM model successfully predicted the cell viability 
of CNS1 cells. The effect of using prenylated chalcone 
on CNS1 cells is shown in Figure 2. The normalized cell 
viability was significantly affected by the prenylated 
chalcone concentration and uptake time. When the 

prenylated chalcone concentration and uptake time were 
12.4 μg/ml and 20.7 h, respectively, the normalized cell 
viability was found to be the maximum (−4.6%). At this 
stationary point, the prenylated chalcone compound had 
the lowest ability to inhibit CNS1 cell growth. The RSM 
model provided the above-mentioned valuable informa-
tion without running numerous experiments. This is one 
of the advantages of using the RSM model.

Generally, the use of a high dose and long uptake time 
will achieve better inhibition. According to Figure 2, the 
best inhibition (−44.5%) occurred at 41 h when 22.0 μg/
ml prenylated chalcone was used. Although the cell 
viability of using 22.0 μg/ml prenylated chalcone varied 
from −34.6 to −44.5% depending on uptake time, the use 
of such a high dose of prenylated chalcone was not suit-
able. Such a high dose of prenylated chalcone not only 
inhibits glioblastoma cells but also damages normal 
cells. Practical application will help determine the dose 
of prenylated chalcone that is suitable for use.

The normalized cell viability was calculated using 
12.4 μg/ml prenylated chalcone along with differ-
ent uptake times on the basis of equation 2. The least 
inhibition performance occurred at 20.7 h. This uptake 
time of 20.7 h was defined as the least inhibition uptake 
time (LIUT) for using prenylated chalcone on CNS1 
cells. There are two mechanisms underlying this inhibi-
tion process. On the one hand, when the uptake time 
was shorter than the LIUT, the cells were killed mainly 
because of the original toxicity of prenylated chalcone. 
When the uptake time was longer than the LIUT, the 
cells were inhibited by the metabolite of prenylated 
chalcone. On the other hand, when the uptake time 
was fixed at 20.7 h, the normalized cell viability was 
calculated on the basis of equation 2 when prenylated 
chalcone was used at different doses. As a result, the use 
of 12.4 μg/ml prenylated chalcone with an uptake time 
of 20.7 h produced the least inhibition performance of 
prenylated chalcone in CNS1 cells. This dose (12.4 μg/
ml) was defined as the least inhibition dose (LID). The 
definition of LIUT and LID will be very useful in further 
cell line studies.

13-06 (malignant glioma) cells
The RSM model successfully predicted the cell viabil-
ity of 13-06 cells as well. The effect of using prenylated 
chalcone on the 13-06 cells is shown in Figure 3. When 
the prenylated chalcone concentration and uptake time 
were 12.0 μg/ml and 26.2 h, respectively, the normalized 
cell viability was calculated to be −24.5%. This condition 
is noted at the saddle point in the graph. The normal-
ized cell viability was also significantly affected by the 
prenylated chalcone concentration and uptake time. 
Overall, prenylated chalcone facilitated better inhibi-
tion performance in 13-06 cells than in CNS1 cells.

Based on equation 2, the normalized cell viabilities 
were calculated when different doses of prenylated chal-
cone were used at an uptake time of 26.2 h. The results 
showed that the use of 12.0 μg/ml prenylated chalcone 

Table 2.  Regression coefficients of the second-order model for 
CNS1 cells.
Regression 
coefficient Estimate t Value Pr > | t |

Intercept β
0

−6.9615 −1.52 0.1720

β
1

−8.2157 −2.27 0.0574

β
2

−1.9657 −0.54 0.6038

β
11

−8.2640 −2.13 0.0707

β
12

0.9500 0.19 0.8580

β
22

−4.4379 −1.14 0.2904

Table 3.  Regression coefficients of the second-order model for 
13-06 cells.
Regression 
coefficient Estimate t Value Pr > | t |

Intercept β
0

−64.0768 −1.15 0.2872

β
1

9.2499 1.61 0.1514

β
2

−1.2093 −0.58 0.5774

β
11

−0.3429 −1.98 0.0885

β
12

−0.0392 −0.41 0.6950

β
22

0.0320 1.06 0.3249
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at an uptake time of 26.2 h achieved the least inhibition 
performance. Thus, the LID was 12.0 μg/ml prenylated 
chalcone. This result was similar to that obtained in the 
CNS1 study. Meanwhile, the normalized cell viability 
was calculated when 12.0 μg/ml prenylated chalcone 
was used at different uptake times. The best inhibition 
performance was found to be 26.2 h. This uptake time 
of 26.2 h was defined as the best inhibition uptake time 
(BIUT). Thus, prenylated chalcone produced the BIUT 
for 13-06 cells.

Conclusions

The RSM model successfully predicted the normalized 
cell viability for CNS1 and 13-06 cells when prenylated 
chalcone was used. The normalized cell viability was 
used to represent the influence of prenylated chalcone 

on the inhibition of CNS1 and 13-06 cells. A second-or-
der model created by RSM had two independent factors 
including prenylated chalcone concentration and uptake 
time. The LIUT, BIUT, and LID were all determined on 
the basis of the RSM model. For CNS1 cells, the LIUT was 
20.7 h, and the LID was 12.4 μg/ml. For 13-06 cells, the 
BIUT was 26.2 h, and the LID was 12.0 μg/ml. This study 
concluded that RSM is a good tool that can be used for 
developing new cell line studies. The results obtained in 
this study will be useful in further studies on the use of 
prenylated chalcone.
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Figure 2.  Response surface plot for the use of prenylated chalcone in the cell line study of CNS1 (glioblastoma) cells.
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Figure 3.  Response surface plot for the use of prenylated chalcone in the cell line study of 13-06 (malignant glioma) cells.
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