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A B S T R A C T  A R T I C L E  I N F O   

This study aimed to investigate the anticarcinogenic and genotoxic damage potentials of malic 

acid on human fibroblast cells (HDFa) and glioblastoma (U87-MG) cell lines. MTT cell 

viability and LDH release assays were performed to understand cytotoxic features of malic acid 

on different cell lines. Also, Hoechst 33258 fluorescent staining was used to monitor nuclear 

abnormalities including micronucleus, lobbed, and notched structures. Furthermore, cellular 

death mechanisms behind the malic acid application were investigated via the use of flow 

cytometry analysis. According to cell viability analysis, malic acid showed a greater effect on 

U87-MG compared to HDFa cell line in terms of cytotoxicity. Similarly, chromosomal integrity 

assay put forth a higher number of nuclear abnormalities in U87-MG cells when compared to 

HDFa cell lines, and aberrations were analyzed to amplify when malic acid concentration 

increased. Finally, flow cytometry analysis demonstrated  higher necrotic cell death in U87-MG 

cells than HDFa cell line. On the other hand, apoptotic cell death was the main cytotoxic 

mechanism against malic acid exposure in the HDFa cell line. In light of these results, it can be 

concluded that in higher concentrations, malic acid has an anticarcinogenic effect on 

glioblastoma cells via the necrotic pathway, and it also shows apoptotic properties on the 

fibroblast cell line. When mutagenic properties are compared, it could be understood that malic 

acid had a greater impact on glioblastoma cells. 
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1. Introduction 

Cancer is a destructive disease characterized by abnormalities 

in uncontrolled and rapidly dividing cells that cause the death 

of thousands of people worldwide every year. This is of great 

concern to people, as one in four people has a high risk of 

cancer. In the World Cancer Report, it was reported that 

cancer statistics could increase by 50% until 2020 and that 15 

million people will be examined for several types of cancer 

[1–3]. Although glioblastoma is one of the most aggressive 

brain tumors, there are multiple treatment methods available 

such as surgery, radiation, and cytotoxic chemotherapy. On 

the other hand, recent clinic researches have shown an average 

survival of only 14–16 months with a 26–33% 2-year survival 

rate [4,5]. 

A number of natural compounds particularly abundant in 

plants have recently attracted much interest for their many 

biological properties including antioxidant, antitumor, 

antibacterial, antimutagen, and several others [6–9]. Malic 

acid, a type of alpha-hydroxy acid, is an organic acid that is 

used in many areas from food to cosmetics. It is a known fact 

that more than fifty cosmetic products contain malic acid 

[10,11]. Recent studies have shown that keratin-malate 

supplementation can be used as a performance-enhancing 

agent and increases the physical performance of athletes [12]. 

It has been investigated that a diet high in malic acid, which is 

the precursor of citrate, increases kidney stone formation [13]. 

The malic acid spray has been used orally to treat mouth 

dryness. The analysis showed that the symptoms were found 

to be improved in people with mouth dryness after two weeks 

of malic acid usage[14]. In addition to this, its availability as 

carrier systems for the release of poly (malic acid) targeted 

drugs has also been reported in many studies [15,16]. 

However, conditions such as redness, swelling, burning, 

phototoxicity caused by alpha hydroxy acids lead to safety 

concerns [17,18].  

Previous studies showed that tumor-specific targeting is 

important for increasing the effectiveness of anti-tumor drugs. 

According to the analysis, two different covalently conjugated 

antibodies to the poly (β-L-malic acid) nanocarrier increased 
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tumor targeting efficiency [19]. Simultaneous delivery to two 

different AON tumor cells was shown using Polycefin, a new 

nanoscale PMLA-based drug, that simultaneously blocks the 

in vivo expression of two laminin-8 chains. In another study, 

simultaneous delivery to two different AON tumor cells was 

shown using Polycefin, a new nanoscale PMLA-based drug, 

that simultaneously blocks the in vivo expression of two 

laminin-8 chains. It has been shown to inhibit laminin-8 

synthesis in U87MG and T98G in cultured human glioma 

cells [20]. It was also stated that the immunoconjugates of 

poly L-malic acid prepared with CTLA-4 and PD-1 can get 

past the blood-brain barrier and trigger local immune 

responses for glioma cancer treatment [21].  

 

In this study, MTT and LDH tests were performed to examine 

the effects of malic acid on cell viability on the U87-MG 

glioblastoma cell line. Hoechst 33258 staining was used to 

investigate the nuclear status of the cell cultures. Furthermore, 

flow cytometry analysis was performed to understand the 

underlying mechanisms behind the main cellular deaths. 

Meanwhile, the cytotoxicity and mutagenicity effects of the 

malic acid, one of the alpha-hydroxy acids, were analyzed on 

the HDFa human fibroblast cell line to create a safety report. 

2. Materials and methods 

2.1. Cell cultures  

Human dermal fibroblast (HDFa) and glioblastoma (U87-

MG) cell cultures were supplied from American Type Culture 

Collection (ATCC). Solid L-malic acid (MA, CAS 97-67-6, 

Sigma Aldrich) was commercially available. The human 

fibroblast cells and glioblastoma cells were seeded in 48 well 

plates containing DMEM (%10 FBS and 100 U/ml penicillin-

streptomycin) about 105 cells per well. Culture plates 

incubated at humidified 5% CO2 at 37℃ for 24 hours [22]. 

2.2. MTT analysis  

MTT (3-(4,5-Dimethylthiazol-2-yl)- 2,5-diphenyltetrazolium 

bromide) assay, one of the most widely used viability tests, is 

a colorimetric analysis that measures metabolic activity using 

the reduction of a yellow tetrazolium salt. Culture plates were 

treated with L-malic acid at different concentrations (3.12 

µg/mL, 6.25 µg/mL, 12.5 µg/mL, 50 µg/mL, 100 µg/mL, 200 

µg/mL, 400 µg/mL). In addition, while the cells in the positive 

control group were treated with 1% Triton X-100, no 

treatment was applied to the wells designated as negative 

control groups. After 24 hours of incubation, an MTT reagent 

was added to each well. Plates were incubated for 3 hours at 

humidified 5% CO2 incubator at 37℃ and culture medium was 

discarded. Generated formazan crystals were dissolved by 

using dimethyl sulfoxide. The plates were analyzed at 570 nm 

wavelength using a microplate reader [23]. 

2.3. LDH release test 

LDH cytotoxicity assay kit (Cayman Chemical Company®, 

Ann Arbor, MI, USA) was applied as per the manufacturer's 

instructions for the LDH assay application. The cells were 

seeded to 48-well plates and wide spectrum concentrations of 

malic acid (3.12 µg/mL, 6.25 µg/mL, 12.5 µg/mL, 50 µg/mL, 

100 µg/mL, 200 µg/mL, 400 µg/mL) were administered to cell 

culture as triplicates for 24 hours at humidified 5% CO2 

incubator at 37℃.. In addition, while the cells in the positive 

control group were treated with 1% Triton X-100, no 

treatment was applied to the wells designated as negative 

control groups. After that, 100 µL supernatant was transferred 

to a fresh 48-well plate and 100 µL of the reaction mixture 

was added to the samples and incubated for 30 minutes at 

room temperature. Finally, a microplate reader was used to 

analyze the absorbance of the cultures at 490 nm [24]. 

2.4. Hoechst staining  

For the Hoechst Staining, firstly the medium was removed 

from the prepared culture plates by treating with different 

concentrations of L-malic acid. The wells were washed with 

PBS twice. Then cells were fixed 4% paraformaldehyde at 4℃ 

for 30 minutes. Cells were washed with PBS. Finally, wells 

were incubated with 1mM Hoechst 33258 fluorescent dye at 

room temperature for 5 minutes. Nuclear anomalies were 

calculated under a fluorescence microscope. A total of 1000 

cells were counted and mutations were determined for both 

glioblastoma and fibroblast cell lines [25].  

2.5. Flow cytometry analysis 

Flow cytometry analysis was performed to examine the 

effectiveness of apoptosis, one of the cell death pathways. 

Annexin V was used to analyze apoptotic cells. Briefly, the 

phosphatidylserine structures, normally found in the inner 

surface of the cell membrane, rose to the surface of the cell 

membrane as the indicator of apoptotic cell death. To 

investigate the necrotic cell ratios, propidium iodide staining 

was used to analyze the cell nucleus. For this purpose, 5x104 

cells were collected through centrifugation and the cells were 

resuspended in 500 μl of 1X binding buffer. 5 μl of Annexin 

V-FITC and 5 μl of propidium iodide (50 μg/ml) were added 

to the cultures and incubated in the dark for 5 minutes. The 

cells were then fixed with 4% paraformaldehyde in phosphate-

buffered saline at 4°C for 30 minutes. Finally, cultures were 

examined with flow cytometry (The CyFlow® Cube 6, 

Germany) [26]. 

2.6. Statistical analysis 

Statistical analyzes of the numerical data collected from the 

studies were performed using GraphPad Prism 7. Anova: 

Dunnett’s and Tukey multiple comparison tests were 

performed following the Two Way Anova analysis for 

statistical evaluation, and the statistical significance level was 

accepted as p <0.05. 
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3. Findings 

Both MTT and LDH cytotoxicity assays showed that malic 

acid application for 24 hours significantly decreased cell 

viability in fibroblast cell culture at 100, 200, and 400 µg/ml 

concentrations, however, there was no significant cell 

viability difference compared to the negative control in lower 

concentrations (50 -3.12 µg/ml) (Figure 1). On the other hand, 

malic acid exposure inhibited cell growth in glioblastoma cell 

lines significantly, even at smaller concentration levels as 12,5 

to 400 µg/ml compared to fibroblast cell lines (Figure 2).  

 

 

Figure 1: Cell viability tests (MTT and LDH assays) of the fibroblast cell line (HDFa) against the malic acid application (3,12 to 400 

µg/ml) for 24 hours. Symbol (*) represents a statistically significant difference (P<0.05) compared to the negative control. (GraphPad 
Prism 7, Anova: Tukey’s post hoc test was used to calculate significantly different values) 

 

Figure 2: Cell viability tests (MTT and LDH assays) on glioblastoma cells (U87-MG) against the malic acid application (3,12 to 400 

µg/ml) for 24 hours. Symbol (*) represents a statistically significant difference (P<0.05) compared to the negative control. (GraphPad 
Prism 7, Anova: Tukey’s post hoc test was used to calculate significantly different values) 

 

Secondly, Hoechst 33258 fluorescent staining analysis put 

forth that malic acid in higher concentrations affects nuclear 

structures negatively in both fibroblast and glioblastoma cell 

lines. Observable nucleus mutations such as micronucleus, 
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lobbed and notch structures were highly increased in respect 

to malic acid exposure (Figure 3 and 4). When two cell lines 

were compared to each other in terms of nuclear mutations, it 

was found that malic acid had more severe effects on 

glioblastoma cell lines with a greater number of mutations 

specifically in higher concentrations in contrast to fibroblast 

cells (Table 1).  

 

Figure 3: Hoechst 33258 fluorescent staining of Fibroblast cell 

line for nuclear abnormalities (20X magnifications). A) 400 µg/ml 

malic acid application for 24 hours, B) 200 µg/ml malic acid 

application for 24 hours, C) 100 µg/ml malic acid application for 

24 hours, D) Negative control fibroblast cell line culture 

without malic acid application (arrows indicate nuclear 

abnormalities) 

 

Figure 4: Hoechst 33258 fluorescent staining of glioblastoma 

cells (U87-MG) for nuclear abnormalities (20X magnifications). A) 

400 µg/ml malic acid application for 24 hours, B) 200 µg/ml malic 

acid application for 24 hours, C) 100 µg/ml malic acid application 

for 24 hours, D) Negative control (U87-MG) cell culture without 

malic acid application (arrows indicate nuclear abnormalities) 
 

 

Table 1: Nuclear abnormalities (NA) in Fibroblast (HDFa) and Glioblastoma (U87-MG) cell lines against malic acid applications in 

various concentrations. Values are mean ± SEM (standard error of the mean) from 3 samples for every 1000 cells. Different letters in the 

same column represent statistical differences from each other. Calculations were performed after 24 hours of application. (GraphPad 

Prism 7, Anova: Dunnett’s multiple comparison test was used to calculate the significantly different samples) 
 

Treatment Nuclear abnormalities (NA) 

HDFa Total MN Total lobbed Total notched Mean NA/1000 cells ± SD 

400 µg/ ml 45 15 14 0,074±0,005a 

200 µg/ ml 20 12 11 0,043±0,003b 

100 µg/ ml 9 11 9 0,029±0,002c 

(-) Ctrl 5 3 2 0,010±0,002d 

U87-MG Total MN Total lobbed Total notched Mean NA/1000 cells ± SD 

400 µg/ ml 54 20 19 0,093±0,007e 

200 µg/ ml 29 16 17 0,062±0,005f 

100 µg/ ml 15 8 10 0,033±0,003c 

(-) Ctrl 7 8 8 0,023±0,002g 
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To examine the cytotoxicity mechanism behind the malic acid 

applications, Flow Cytometry analysis was performed on both 

fibroblast and glioblastoma cell lines for different 

concentrations of malic acid exposures (100, 200, and 400 

µg/ml). In  these examinations, the viable cell ratio was found 

to be inversely proportional to malic acid concentrations. 

Flow Cytometry results showed that cell viabilities were 

analyzed as 42.24%, 56.25%, and 72.39% for 400 µg/ml, 200 

µg/ml, and 100 µg/ml concentration of malic acid respectively 

(Figure 5). In addition, it was observed that fibroblast cells 

decrease predominantly by apoptotic cell death mechanism. 

Furthermore, Flow Cytometry examinations on glioblastoma 

cell lines produced very opposite results. Necrotic cell death 

was observed after 24 hours of malic acid application to the 

glioblastoma cell culture and live-cell ratios were found to be 

46.68%, 56.82%, and 70.73% for 400 µg/ml, 200 µg/ml, and 

100 µg/ml malic acid concentrations (Figure 6).  

 

 

 

Figure 5: Flow Cytometry analysis (Annexin V- (FL1-H) and PI- (FL2-H) labeled cells) of Fibroblast cell line against malic acid 

cytotoxicity. A) Negative control for 24 hours, B) 400 µg/ml malic acid application for 24 hours, C) 200 µg/ml malic acid application for 

24 hours, D) 100 µg/ml malic acid application for 24 hours. (Q1: Necrotic cells, Q2: Late apoptotic cells, Q3: living cells, and Q4: early 

apoptotic cells) 

 

Figure 6: Flow Cytometry analysis (Annexin V- (FL1-H) and PI- (FL2-H) labeled cells) of U87-MG cells against malic acid cytotoxicity. 

A) Negative control for 24 hours, B) 400 µg/ml malic acid application for 24 hours, C) 200 µg/ml malic acid application for 24 hours, D) 

100 µg/ml malic acid application for 24 hours. (Q1: Necrotic cells, Q2: Late apoptotic cells, Q3: living cells, and Q4: early apoptotic cells) 
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4. Discussions 

Malic acid is one of the most important chemicals used as a 

nutritional enhancer in the food industry. Malic acid’s specific 

features such as hygroscopicity and increasing storage 

capability make it a commercially favorable molecule for 

several industries [27,28]. Besides, malic acid applications in 

the medical industry have a wide range of potential for skin 

problems such as warts and acne with its favorable features 

such as easiness to apply, being cheap, and having no serious 

adverse effects [29]. In our study, it was shown that lower 

concentrations of malic acid (50 to 3.12 µg/ml) had no 

significant toxic effects on the fibroblast cell lines. This result 

could indicate that under specific concentrations, malic acid 

applications would not show any crucial side effects on human 

health. Contrarily, cell viability assays on glioblastoma cell 

lines expressed the anticarcinogenic activity of malic acid 

even for lower concentrations (up to 12.5 µg/ml). It could be 

proposed that malic acid derivatives with enhanced activity 

could be used as anticancer agents for specific tumor 

treatments under certain doses without damaging healthy 

cells. Previous studies claimed that 5-fluorouracils conjugated 

poly (α-malic acid) caused no toxicity however, the molecule 

showed increased antitumor property on P-388 lymphocytic 

leukemia mice models [30]. Moreover, different conjugates of 

malic acid such as poly (α-malic acid)/ADR(Adriamycin) 

were analyzed to examine anticarcinogenic activity on human 

hepatoma cells in vitro [31]. In a study, Poly (β-malic acid) 

(PMLA) conjugated chitosan (LMC) nanoparticles were used 

as a co-delivery of the antitumor drug system for paclitaxel 

(PTX) delivery. Applications of the conjugates on hepatoma-

bearing mice models were analyzed to examine prolonged 

survival periods and enhanced antitumor efficacy. 

 

In this study, Hoechst 33258 fluorescent staining was used to 

analyze the genotoxic potential of malic acid on both 

fibroblast and glioblastoma cell lines. Malic acid was shown 

to have higher genotoxic activity against glioblastoma cell 

lines. Although genotoxic activity was shown on the 

glioblastoma cell line rather than fibroblast cells at higher 

concentrations in our study, several projects claimed the non-

genotoxic potential of malic acid [32–34]. Besides, it was 

revealed previously that malic acid had genotoxic potential 

when reacted with trichloroacetaldehyde in an aqueous 

solution [11]. Ameliorating effects of malic acid against heavy 

metals such as cadmium (Cd) were examined in a previous 

research study. This study revealed that malic acid could 

reduce mutagenic ROS production resulted from Cd 

accumulation by enhancing cellular glutathione level [35]. 

Furthermore, several studies examined the protective effect of 

malic acid against aluminum-induced toxicity in vitro and in 

vivo [36–38].   

 

In addition to these examinations, Flow Cytometry analysis 

indicated interesting results related to cellular death 

mechanisms in healthy and cancer cell lines against malic acid 

applications. Flow Cytometry analysis on fibroblast cells 

revealed that malic acid exposure to the healthy cell type 

resulted in apoptotic cell death. This finding correlated with 

the literature that malic acid application to the immortalized 

human keratinocyte line (HaCaT) was shown to activate 

mitochondria-dependent and endoplasmic reticulum stress-

related apoptosis [18]. On the other hand, this study examined 

for the first time that low concentration of malic acid 

application to the glioblastoma cell line induced necrotic cell 

death. Flow Cytometry analysis showed that the increased 

concentrations of malic acid lead glioblastoma cells to late 

apoptotic death rather than necrosis.   

5. Conclusion 

In light of these findings, it can be understood that malic acid 

has anticarcinogenic activity against glioblastoma cell lines 

even at lower concentrations. According to genotoxicity and 

cytotoxicity analysis on the fibroblast cell lines, higher 

concentrations of malic acid can result in a mutagenic 

outcome however, under certain concentrations, no adverse 

reactions are observed. Interestingly, the cytotoxicity 

mechanism of malic acid on fibroblast cell lines is apoptosis 

at high concentrations. On the other hand, glioblastoma cells 

have a more necrotic tendency towards malic acid 

applications. From these examinations, it is concluded that 

malic acid applications at specific concentrations can be used 

as an anticancer agent without causing any detrimental and 

mutagenic properties. 
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