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Abstract 

Glioblastoma, a malignant brain tumor, poses significant therapeutic challenges due to its 

aggressive nature and limited treatment options. The search for novel compounds with potential 

therapeutic efficacy against this devastating disease remains imperative. Madecassic acid 

(MA), a triterpenoid derived from Centella asiatica, has emerged as a promising candidate with 

multifaceted pharmacological activities, including antioxidant and antitumor effects. However, 

its specific impact on glioblastoma cells necessitates further exploration to fully comprehend 

its therapeutic potential. In this investigation, we examined the effects of MA on a human 

glioblastoma cell line, with a primary focus on its antioxidant and anti-proliferative properties. 

Utilizing a comprehensive range of cellular and molecular assays, we unraveled the potential 

of MA in scavenging free radicals, mitigating oxidative stress, and inhibiting glioblastoma cell 

proliferation. The study revealed that MA significantly inhibited glioblastoma cell growth. 

Furthermore, MA-treated cells exhibited higher antioxidant enzyme activity and lower 

oxidative stress levels compared to untreated cells. These findings demonstrate the potential of 

MA as an effective therapeutic agent against glioblastoma. By elucidating its antioxidant and 

anti-proliferative effects, this research opens new avenues for innovative treatment strategies to 

combat this relentless brain tumor. The insights gained from this study may contribute to 

improved patient outcomes and revolutionize the landscape of glioblastoma therapy. 
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1. Introduction 

Glioblastoma (GBM), a formidable and 

malignant brain tumor, presents significant 

therapeutic challenges due to its aggressive 

nature and limited treatment options 

(Shergalis, Bankhead, Luesakul, Muangsin, 

& Neamati, 2018; Ulasov, Singh, 

Laevskaya, Timashev, & Kharwar, 2023). 

Despite considerable advances in cancer 

research, there remains an urgent need to 

explore novel compounds with potential 

therapeutic efficacy against this devastating 

disease.  

Madecassic acid (MA), a triterpenoid 

derived from Centella asiatica, has 

emerged as a promising candidate with 

multifaceted pharmacological activities, 

including notable antioxidant and antitumor 

effects (Ferah Okkay, Okkay, Aydin, et al., 

2022; Sun et al., 2020; Valdeira et al., 2019; 

Yang et al., 2016). However, its specific 

impact on GBM cells necessitates further 

exploration to fully comprehend its 

therapeutic potential. In this investigation, 

we endeavor to delve into the effects of MA 

on a human GBM cell line, with a primary 

focus on elucidating its antioxidant and 

anti-proliferative properties. Through a 

comprehensive range of cellular and 

molecular assays, we seek to unravel the 

potential of MA in scavenging free radicals, 

mitigating oxidative stress, and inhibiting 

GBM cell proliferation.  

The findings of this study hold great 

promise in unveiling novel therapeutic 

agents that could effectively target GBM. 

By comprehensively deciphering the 

antioxidant and anti-proliferative effects of 

MA in GBM cells, this research may open 

new avenues for the development of 

innovative treatment strategies to combat 

this relentless brain tumor. Ultimately, these 

profound insights hold the potential to lead 

to enhanced patient outcomes and 

fundamentally reshape the paradigm of 

therapy for GBM. 

2. Materials and Methods 

2.1.Cell Culture  

To investigate how MA affects cancer 

cells, we used GBM cells in our 

experiments. These cells were grown in 

RPMI 1640 medium containing 100 

units/mL of penicillin, 100 μg/mL of 

streptomycin, 10% fetal bovine serum, and 

2.5 mM L-glutamine (Gibco®, 

Invitrogen™ GmbH, Karlsruhe, Germany). 

The cells were kept in a controlled 

environment at 37 °C with 5% CO2 and 

95% air, providing the necessary humidity. 

The culture medium was changed three 

times a week to maintain cell health and 

growth (Ferah Okkay et al., 2021). 

2.2. MTT Assay  

To understand how MA affects GBM 

cells, we used a test called the MTT assay. 

We performed this test three times to get 
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accurate results. First, we put GBM cells in 

96-well plates, with 5,000 cells in each well. 

Then, we treated the cells with different 

concentrations of MA: 1 µM, 3 µM, and 10 

µM. The cells were exposed to MA for 24 

hours. After the incubation period, we 

added a special solution called MTT to each 

well. We covered the plate with foil and 

kept it at a temperature of 37°C for 2 hours. 

Later, we removed the MTT solution and 

found that a blue-violet substance called 

formazan had formed in the wells. To 

measure this substance, we added 150 µL of 

another chemical called dimethylsulfoxide 

(DMSO) to dissolve it. We kept the plate in 

the dark for 30 minutes. To see the results, 

we used an Elisa Reader to measure the 

absorbance values at a wavelength of 570 

nm (Ferah Okkay et al., 2021). By doing 

this, we could understand how much 

mitochondrial activity was present in the 

cells after the treatment with MA. To 

compare, we also had some cells that were 

not treated with MA, and they acted as a 

control to show us the normal level of 

mitochondrial activity (100%) in the cells. 

2.3. Measurement of Oxidative Stress  

To understand the antioxidant abilities 

of the cell culture supernatants, we 

conducted specific tests. These tests include 

Superoxide Dismutase (SOD), Catalase 

(CAT), and Malondialdehyde (MDA) 

assays (Ahiskali et al., 2021; Ferah Okkay 

et al., 2023; Ferah Okkay, Okkay, 

Gundogdu, et al., 2022; Okkay, Ferah 

Okkay, Aydin, et al., 2021; Okkay, Ferah 

Okkay, Cicek, et al., 2021; Okkay, Ferah 

Okkay, Cicek, Aydin, & Ozkaraca, 2022). 

We used commercial kits from 

Elabscience® to perform these tests. In the 

SOD assay, we measured the activity of 

Superoxide Dismutase, an important 

antioxidant enzyme that helps neutralize 

harmful free radicals in the cells. The CAT 

assay allowed us to assess the activity of 

CAT, another vital enzyme that defends the 

cells against oxidative damage by breaking 

down hydrogen peroxide. Lastly, the MDA 

assay helped us determine the levels of 

MDA, a marker of oxidative stress and lipid 

peroxidation. By conducting these tests, we 

gained valuable insights into the antioxidant 

potential of the cell culture supernatants and 

how well they can protect the cells from 

oxidative burden. Understanding these 

aspects is crucial in evaluating the effects of 

our experiment and its implications for 

future research in this area. 

3. RESULTS 

3.1.Cell viability 

The MTT test, a colorimetric assay, 

was used to measure the percentage of 

viable GBM cells. We wanted to see how 

effective MA is, so we treated the GBM 

cells with different amounts of MA for 24 

hours. The results of this experiment are 
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shown in Figure 1. After analyzing the data, 

we found that the best concentration and 

duration of MA treatment was 10 μM for 24 

hours (Fig. 1). At this concentration, MA 

significantly inhibited cell growth. This 

effect was statistically significant when 

compared to the control group, with a p-

value less than 0.05. These findings suggest 

that MA has the potential to be an effective 

treatment for inhibiting the growth of GBM 

cells. 

 
Figure 1. Effects of MA on the cell viability. Data are expressed as the means ± SD.  # p<0,05 

vs GBM group.

3.2.Measurement of Oxidative Stress 

In this part of the study, we wanted to 

understand the impact of MA on oxidative 

burden in GBM cells. To do this, we 

measured the activity of two important 

antioxidant enzymes, SOD and CAT, in 

both the MA group and the GBM group. 

The results showed that the MA group had 

significantly higher SOD and CAT activity 

compared to the GBM group. This means 

that the MA group had a stronger overall 

antioxidant capacity, which suggests it 

could better protect the cells from harmful 

free radicals and oxidative damage. 

Moreover, we also measured the levels of 

MDA, which is the end product of lipid 

peroxidation. The MDA values in the MA 

group were significantly lower compared to 

the GBM group. This indicates that the MA 

group had a lower overall level of oxidative 

stress. To better understand these findings, 

the study included figures to visually 

represent the SOD and CAT activity and 

MDA levels for both groups (Fig. 2, 3, 4). 

In conclusion, these results suggest that MA 

may have a beneficial effect on oxidative 

burden in GBM cells by enhancing 

antioxidant defenses and reducing oxidative 

stress.  
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Figure 2. Effects of MA on the SOD levels. Data are expressed as the means ± SD.  # p<0,05 vs GBM group. 

 

 

 
Figure 3. Effects of MA on the CAT levels. Data are expressed as the means ± SD.  # p<0,05 

vs GBM group. 
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Figure 4. Effects of MA on the MDA levels. Data are expressed as the means ± SD.  # p<0,05 

vs GBM group. 

 
3.3.Statistical Analysis 

To determine the significance of our 

findings, we used a statistical method called 

one-way analysis of variance (ANOVA). 

After running the ANOVA, we conducted a 

post hoc test called Tukey's test to make 

more specific comparisons between the 

groups. We used IBM SPSS version 22.0 

software to perform these statistical 

analyses. In our results, a p-value less than 

0.05 was considered statistically 

significant. To present the data in a clear 

manner, we used mean (average) values ± 

SD (standard deviation).  

4. Discussion 

In this study, we aimed to understand 

how MA, a compound derived from 

Centella asiatica, affects GBM cells, a 

highly aggressive and challenging brain 

tumor (Wu et al., 2021). GBM currently 

lacks effective treatment options, making it 

crucial to explore new therapeutic 

compounds (Liu et al., 2022). The research 

on MA has shown promising results, 

indicating that it possesses various 

pharmacological activities, including 

antioxidant and antitumor effects. However, 

its specific impact on GBM cells required 

further investigation to fully grasp its 

potential as a therapeutic agent. Our study 

focused on elucidating the antioxidant and 

anti-proliferative properties of MA in a 

human GBM cell line. We conducted a 

series of cellular and molecular assays to 

explore its ability to scavenge free radicals, 

reduce oxidative stress, and inhibit GBM 

cell growth. The results from the MTT 

assay demonstrated that MA effectively 

inhibited the growth of GBM cells. These 

findings suggest that MA has potential as an 

effective treatment to hinder the 

proliferation of GBM cells. Oxidative stress 
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plays a crucial role in cancer development, 

and we wanted to assess how MA affects 

this burden in GBM cells. Our measurement 

of antioxidant enzymes, SOD and CAT, 

revealed that the MA-treated group had 

significantly higher activity levels 

compared to the untreated GBM group. 

This indicates that MA enhances the 

antioxidant capacity of the cells, potentially 

protecting them from harmful free radicals 

and oxidative damage in line with the 

previous studies (Arancibia-Radich et al., 

2019; Valdeira et al., 2018; Won et al., 2010; 

Xia et al., 2015; Yang et al., 2016; Zhang, 

Zhang, Tao, Wang, & Xia, 2014). 

Furthermore, the MDA assay demonstrated 

that the MA-treated group exhibited lower 

levels of oxidative stress compared to the 

GBM group. This suggests that MA could 

help reduce oxidative damage in GBM 

cells. Overall, this study sheds light on the 

potential of MA as a promising therapeutic 

agent for GBM. By unraveling its 

antioxidant and anti-proliferative effects, 

this research paves the way for the 

development of innovative treatment 

strategies against this aggressive brain 

tumor. Further investigations and clinical 

trials are warranted to validate the 

therapeutic efficacy of MA and its potential 

to improve patient outcomes in GBM 

therapy. 
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