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ABSTRACT 
 

The thiobarbituric acid reactive substances (TBARS) and antioxidants status have been utilized as putative 

biomarkers to assess the in vitro antiproliferative effect of phytoconstituents and medicinal plants in cancer 

cells. This study analysed the status of lipid peroxidation and antioxidant status in untreated and octatrienoic 

acid treated A549 lung and HCT-116 colorectal cancer cells. The status of lipid peroxidation by-products 

[TBARS, Conjugated Dienes (CD) and lipid hydroperoxides] and activities of antioxidants [Superoxide 

dismutase (SOD), Catalase (CAT), Glutathione peroxidase (GPx) and Reduced glutathione (GSH)] were 

analysed using colorimetric assays. While octatrienoic acid increased the TBARS, CD and lipid hydrperoxides 

levels, it lowered the activities of SOD, CAT, GPx and GSH content in A549 and HCT-116 cells. The results of 

present study revealed that octatrienoic acid might have suppressed the proliferation of A549 lung and HCT-

116 colorectal cancer cells through modulating the oxidative stress biomarkers. The present study concludes 

that octatrienoic acid facilitates the generation of lipid peroxidation by-products by reducing antioxidant 

defence mechanism in A549 and HCT-116 cancer cells. 

*Corresponding author: Raju Kowsalya  kowsalyamouli@yahoo.com  
                                                         *      https://orcid.org/0009-0008-1328-8409 
 
  

  

  

  

 

 

 

 

 

 

 

 

International Journal of Biosciences | IJB |

ISSN: 2220-6655 (Print); 2222-5234 (Online)

Website: https://www.innspub.net

Email contact: info@innspub.net

Vol. 27, Issue: 1, p. 291-296, 2025



 
 

292  Sivasankaran et al. International Journal of Biosciences | IJB

Website: https://www.innspub.net

 

Vol. 27, Issue: 1, p. 290-296, 2025 

 
Int. J. Biosci. 

INTRODUCTION 

Cancer arises due to abnormal proliferation of cells 

induced by physical, chemical and biological 

agents. Each year, cancer related deaths are 

increasing globally due to environmental exposures 

and changes in human lifestyle (Bahrami and 

Tafrihi, 2023). Cancer imposes a significant health 

burden and around 20 million new cases and 9.7 

million deaths due to cancer are reported in 2022 

globally. Recent studies pointed out that around 

1,496,972 cancer cases were reported in India by 

the year 2023. The annual incidence of lung and 

colorectal carcinomas are sharply increasing in 

India. Around 66,280 lung cancer deaths were 

reported by the year 2022 in India. It has also been 

reported that colorectal cancer caused around 

38,300 deaths in India at the year 2022 (Bray et 

al., 2024). A549 is an epithelial cell line derived 

from the lung tissue of a 58-year-old male with 

adenocarcinoma. It resembles type II alveolar cells 

and serves as a useful in vitro model for studying 

non-small cell lung cancer, oxidative stress and 

drug metabolism. HCT 116 is a colon cancer cell 

line developed from a male patient is widely used 

in colorectal cancer research, particularly for 

testing anticancer drugs. Researchers utilized A549 

lung cancer cells and HCT-116 colon cancer cells to 

study the antiproliferative potential of natural 

products and their bioactive principles under in 

vitro conditions. 

 

Human body generates reactive oxygen species (ROS) 

during normal cellular metabolism as well as through 

environmental exposure. The harmful reactive oxygen 

species are however scavenged by antioxidant defence 

mechanism (Birben et al., 2023; Sharifi-Rad et al., 

2020). During diseased conditions, body generates 

excessive ROS production thereby leading to 

insufficient antioxidant potential and causes a 

disorder termed as oxidative stress. ROS mediated 

oxidative stress play a major role in oxidative 

damage to biomolecules and constitutes to various 

disorders including carcinogenesis (Nakamura and 

Takada, 2021). 

2,4,6-Octatrienoic acid is a small, reactive molecule 

(C₈H₁₀O₂, 138.16 g/mol) with three double bonds in 

its carbon chain. The compound known for its ability 

to counteract harmful ROS. It can take part in various 

chemical reactions like light-triggered changes, 

polymerization and oxidation (NCBI, 2025; Flori et 

al., 2011). This compound is found in Deschampsia 

antarctica, a hardy grass that grows naturally in 

Antarctica (Zúñiga et al., 1994). One of only two 

flowering plants in the region, it survives in extreme 

cold, intense UV light and strong winds by producing 

protective substances. These include antioxidants, 

flavonoids and fatty acids including 2,4,6-octatrienoic 

acid (Ramírez et al., 2024). This compound may help 

defend against oxidative stress caused by UV 

exposure, either by directly neutralizing ROS or by 

supporting the production of other protective 

chemicals (Flori et al., 2011). 

 

MATERIALS AND METHODS 

Cell culture  

A549 and HCT-116 cell lines (2.5×10⁶ cells) were 

grown in complete DMEM medium until they reached 

full confluence. These cells were then treated with 

2,4,6-octatrienoic acid at its IC₅₀ concentration for 24 

hours. Untreated cells maintained for the same 

durations served as controls. After treatment, the 

cells were washed twice with PBS (pH 7.2) and 

detached using a solution of 0.25% trypsin and 2 mM 

EDTA for 10 minutes. The collected cells were 

centrifuged at 600 rpm for 10 minutes. The pellets 

were mixed in 50 mM phosphate buffer (pH 7.0), 

broken up by sonication on ice for 2 minutes and then 

centrifuged. The clear liquid (supernatant) was 

collected to measure enzyme and protein levels. 

 

Lipid peroxidation markers 

TBARS assay 

Using a modified method (Donnan, 1950), TBARS 

levels were estimated by measuring the colored 

complex formed when malondialdehyde (MDA) 

reacts with thiobarbituric acid. Cells cultured in 6-

well plates were scraped, resuspended in PBS and 

mixed with the TBA reagent.  
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The mixture was then incubated at 90°C for 20 

minutes. After allowing it to cool, TBARS were 

extracted using n-butanol and measured at 532 nm. 

 

Conjugated dienes 

Following the Recknagel and Glende protocol, lipid 

peroxidation was assessed by detecting conjugated 

dienes from peroxidized lipids at 233 nm (Recknagel 

and Glende, 1984). Lipids were extracted from 25 μl 

of cell lysate using chloroform/methanol (2:1), dried 

and dissolved in methanol before measuring 

absorbance. 

 

Lipid hydroperoxides 

Using Jiang et al. method, lipid hydroperoxides under 

acidic conditions were detected by their ability to 

oxidize Fe²⁺ to Fe³⁺ (Jiang et al., 1992). This forms a 

colored complex with xylenol orange, measured at 

560 nm. The reaction mixture (cell lysate + FOX 

reagent) was incubated for 30 minutes at room 

temperature before reading. 

 

Antioxidant enzyme activity assays 

Reduced glutathione 

Using Ellman’s method, glutathione was measured 

based on its ability to form a yellow color with DTNB 

was read at 412 nm (Ellman, 1959). Cell lysate was 

treated with 5% TCA and the supernatant was mixed 

with phosphate buffer, DTNB and water. 

 

Superoxide dismutase 

According to Kakkar et al. procedure, superoxide 

dismutase (SOD) activity was assessed by its ability to 

inhibit the formation of a blue formazan compound 

(kakkar et al., 1984). The reaction mixture included 

cell lysate, sodium pyrophosphate buffer, PMS, NBT 

and NADH. After incubation at 37°C for 90 seconds, 

the reaction was stopped with glacial acetic acid and 

extracted with n-butanol and the colored product 

formed was measured at 560 nm. 

 

Catalase 

Catlase activity was determined according to Sinha 

procedure, by determining the breakdown of 

hydrogen peroxide at 240 nm (Sinha, 1972). The 

decrease in absorbance over 4 minutes was used to 

determine catalase activity. 

 

Glutathione peroxidase 

Glutathione peroxidase (GPx) activity was measured 

based on the breakdown of hydrogen peroxide 

(Rotruck et al., 1973). The reaction mixture included 

cell lysate, glutathione, hydrogen peroxide and 

phosphate buffer and was incubated at 37°C for 10 

minutes. The mixture was centrifuged and the 

remaining glutathione in the supernatant was 

estimated using DTNB. 

 

Statistical analysis 

All results are expressed as the mean with standard 

deviation (mean ± SD) from three independent 

experiments (n = 3). Statistical differences between 

groups were evaluated using Student’s t-test, with 

significance set at p < 0.05. 

 

RESULTS AND DISCUSSION 

The TBARS, conjugated dienes and lipid 

hydroperoxides in untreated and octatrienoic acid 

treated A549 and HCT-116 cancer cells are depicted in 

Fig. 1 to 3. The status of all these biomarkers are 

decreased in untreated cancer cells. Cancer cells 

treated with octatrienoic acid increased the levels of 

TBARS, CD and lipid hydroperoxides. 

 

Fig. 1. TBARS levels in untreated and 2,4,6-

octatrienoic acid treated cancer cells 

Different letters (a, b) on bars show significant 

changes between groups at P less than 0.05. 

  

The antioxidants status in untreated and 

octatrienoic acid treated A549 and HCT-116 cancer 

cells are shown in Fig. 4 to 7. The activities of SOD, 

CAT, GPx and GSH content were found to be 

increased in both lung and colorectal cancer cells. 
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Treatment of these cancer cells with octatrienoic 

acid decreased the activities of the above said 

antioxidants. 

 

Fig. 2. CD levels in untreated and 2,4,6-octatrienoic 

acid treated cancer cells 

Different letters (a, b) on bars show significant 

changes between groups at P less than 0.05. 

 

Fig. 3. LOOH levels in untreated and 2,4,6-

octatrienoic acid treated cancer cells 

Different letters (a, b) on bars show significant 

changes between groups at P less than 0.05. 

 

Fig. 4. SOD levels in untreated and 2,4,6-octatrienoic 

acid treated cancer cells 

Different letters (a, b) on bars show significant 

changes between groups at P less than 0.05. 

 

Multiple evidences documented that the survival of 

cancer cells are influenced by the status of lipid 

peroxidation and antioxidants. It has been pointed 

out that cancer or tumor cells exhibit an inverse 

relationship between rate of cell proliferation and 

lipid peroxidation (Gonzalez, 1992; Barrera, 2012). 

The status of TBARS has been used as an indicator 

of oxidative damage in cancer cells. Numerous 

studies investigated the in vitro antiproliferative 

effect of the anticancer bioactive constituents by 

correlating the status of TBARS and antioxidants in 

cancer cells (Popovici et al., 2021). 

Fig. 5. CAT levels in untreated and 2,4,6-octatrienoic 

acid treated cancer cells 

Different letters (a, b) on bars show significant 

changes between groups at P less than 0.05. 

 

Fig. 6. GPX levels in untreated and 2,4,6-octatrienoic 

acid treated cancer cells 

Different letters (a, b) on bars show significant 

changes between groups at P less than 0.05. 

 

Fig. 7. GSH levels in untreated and 2,4,6-octatrienoic 

acid treated cancer cells 

Different letters (a, b) on bars show significant 

changes between groups at P less than 0.05. 

 

Su et al. reported that treating HCT-116 colon 

cancer cells with zingerone significantly increased 

the levels of thiobarbituric acid reactive substances 

(TBARS), indicating higher lipid peroxidation (Su 

et al., 2019). This was also linked with a notable 

reduction in important antioxidant enzymes like 

superoxide dismutase (SOD), catalase (CAT) and 

glutathione (GSH), showing that zingerone induced 

oxidative damage by impairing the cellular 

antioxidant defense system. Similarly, Yue et al. 

observed comparable effects in A549 lung cancer 

cells treated with pelargonidin, a naturally 

occurring anthocyanidin. Their study 

demonstrated a notable increase in TBARS levels 

along with a suppression of antioxidant enzyme 

activities, further confirming the pro-oxidant 
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potential of pelargonidin in cancer cells. The 

authors proposed that pelargonidin exacerbates 

oxidative stress, thereby compromising the redox 

balance within the cells (Yue et al., 2024). In 

another study, Crespo et al., found that geraniol 

treatment in A549 lung cancer cells resulted in a 

significant elevation in TBARS content, indicating 

increased lipid peroxidation. No significant 

changes were however noticed in enzymatic 

antioxidants status. These findings reinforce the 

concept that certain phytochemicals can induce 

oxidative damage in cancer cells by enhancing lipid 

peroxidation without necessarily impairing 

antioxidant enzymes (Crespo et al., 2020).  

 

Additionally, Kachadourian et al. demonstrated that 

treatment with chalcones in A549 cells caused a 

pronounced depletion of intracellular glutathione 

(GSH). As GSH plays a vital role in preserving the 

redox balance within cells, its depletion indicates that 

chalcones may promote cytotoxicity by disrupting 

antioxidant defenses and increasing oxidative damage 

(Kachadourian et al., 2006). 

 

This study highlights the regulatory effect of 

octatrienoic acid on oxidative stress markers and the 

antioxidant defense system in A549 lung and HCT-

116 colorectal cancer cells.  

 

Treatment with octatrienoic acid significantly 

increased lipid peroxidation byproducts, along with a 

decrease in the activities of key antioxidant enzymes 

and the level of GSH, which resulted in disruption of 

cellular redox equilibrium. These findings suggest 

that octatrienoic acid may suppress cancer cell 

proliferation by inducing oxidative damage and 

weakening the antioxidant defense system, ultimately 

affecting cell growth and survival. 

 

CONCLUSION 

This study demonstrated that octatrienoic acid 

modulated the markers of oxidative stress in a way 

that might have helped to suppress the 

proliferation of both A549 and HCT-116 cancer 

cells under in vitro conditions. Further studies are 

needed to evaluate the modulatory role of 

octatrienoic acid on oxidative markers in in vivo 

experimental models. 
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