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ABSTRACT 
 

Oxidative stress is important in the pathophysiology of several chronic diseases by inducing cellular damage via 

the overproduction of reactive oxygen species (ROS) and free radicals. Organic compounds are attracting much 

attention for their antioxidant effects, providing preferable remedies in contrast to manufactured medicines. α-

tomatine, a steroidal glycoalkaloid primarily found in green tomatoes, has demonstrated several biological 

actions, such as anti-inflammatory and anticancer properties; nevertheless, its antioxidant capacity is less 

investigated. The present study examines the free radical scavenging ability of α-tomatine through a series of in 

vitro antioxidant assays, including DPPH, ABTS, hydroxyl, hydrogen peroxide, nitric oxide, superoxide, and 

reducing power tests. α-tomatine exhibited concentration-dependent antioxidant properties by efficiently 

neutralizing free radicals and increasing electron-donating capacity. The IC₅₀ values obtained from the 

respective assays were 22.73 μg/mL and 57.64 μg/mL in DPPH, 28.86 μg/mL and 63.38 μg/mL in ABTS, 32.8 

μg/mL and 56.75 μg/mL in superoxide, 35.6 μg/mL and 66.4 μg/mL in hydroxyl, 38.5 μg/mL and 70.7 μg/mL in 

nitric oxide, 37.4 μg/mL and 59.3 μg/mL in H₂O₂, and 40.2 μg/mL and 61.14 μg/mL in reducing power assays, 

respectively, indicating moderate antioxidant efficacy compared to the standard ascorbic acid. α-tomatine 

exhibited notable antioxidant potential by effectively scavenging free radicals and enhancing reducing power in a 

dose-dependent manner. Although its activity was lower than that of ascorbic acid, these results highlight its 

potential role in reduce oxidative stress and protecting against ROS-induced cellular damage. 
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INTRODUCTION 

Free radicals are molecules that occur spontaneously 

within living organisms and are necessary for cellular 

processes and defensive mechanisms at low levels. 

They are highly reactive due to their great affinity for 

pairing their unpaired electron(s) via interactions 

with other radicals or neutral substances (Iakovou 

and Kourti, 2022). Phytochemicals have strong 

antioxidant activities that neutralize free radicals and 

reactive oxygen species (ROS), preventing oxidative 

stress and cell damage (Ashraf et al., 2024; Guo et al., 

2024; Gupta et al., 2023; Khan et al., 2024). 

 

Phytochemicals are organic substances exist in plants 

that enhance their color, flavor, and disease 

resistance. They can be generally categorized into 

various classes based on their distinct chemical 

constituents and biological roles, including alkaloids, 

carotenoids, flavonoids, glucosinolates, and 

polyphenols. These various groups of phytochemicals 

have unique biological functions associated with a 

diverse range of physiological benefits, including 

antioxidant, anti-inflammatory, and anticancer 

effects (Kurutas, 2015).The predominant free radicals 

and reactive molecules in biological systems originate 

from oxygen (ROS) and nitrogen (reactive nitrogen 

species, RNS). ROS or RNS are generated during 

electron transfer reactions through the loss or gain of 

electrons (Phaniendra et al., 2015). 

 

Oxidative stress happens during the generation of 

ROS and RNS beyond the capability of natural 

antioxidant defenses. Reactive molecules, including 

superoxide anion (O₂⁻•), hydroxyl radical (•OH), 

hydrogen peroxide (H₂O₂), and nitric oxide (NO•), 

are constantly produced in living things as outcomes 

from regular biological processes, especially during 

mitochondrial oxidative phosphorylation and 

numerous enzymatic processes (Chatgilialoglu, 2024; 

Jomova et al., 2023).Under normal conditions, 

moderate levels of ROS are essential for signaling in 

immune responses, apoptosis, and gene expression. 

Excessive formation of ROS can lead to oxidative 

damage to proteins, lipids, and DNA, resulting in 

aging, cellular malfunction, and an increased risk 

various illnesses including cancer, diabetes, heart 

disease, and neurological disorders such as 

Parkinson's and Alzheimer's (Sikder et al., 2025).  

 

Biological systems use an elaborate antioxidant 

defense system to reduce oxidative damage, which 

includes enzymatic antioxidants such as superoxide 

dismutase (SOD), catalase (CAT), and glutathione 

peroxidase (GPx), as well as natural antioxidants like 

vitamins C and E, glutathione, and different plant-

based polyphenols. When intrinsic mechanisms are 

insufficient, naturally occurring antioxidants, 

especially those derived from plant-derived 

compounds, are essential for sustaining redox 

equilibrium (Jomova et al., 2024; Zulaikhah, 2017). 

 

α-tomatine is a steroidal glycoalkaloid (SGA) 

commonly found in tomato plants, mostly develops in 

green tissues, such as leaves, stems, and immature 

fruits, while the concentration of α-tomatine reduces 

in mature fruits (Liu et al., 2023). It has essential 

roles in plant defense and medical development with 

respect to its pharmacological characteristics and 

structural complex (Sonawane et al., 2023). It 

demonstrates significant antioxidant properties, 

specifically by diminishing oxidative stress in 

scavenging experiments that evaluate ROS and the 

capacity for free radical neutralization(Silva-Beltrán 

et al., 2015). It provides various therapeutic benefits, 

including antibacterial, antibiotic, anti-inflammatory, 

anticarcinogenic, anti-obesity, and anti-aging 

properties (Nakayasu et al., 2021).  

 

In the present study, the antioxidant efficacy of α-

tomatine is evaluated using different in vitro free radical 

scavenging methods. Generally used assays include 

DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS (2,2′-

azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)), 

superoxide radical scavenging assay, hydroxyl radical 

scavenging assay, nitric oxide scavenging assay, 

hydrogen peroxide scavenging assay and reducing power 

assays. These experiments offer significant insights into 

the capability of α-tomatine to neutralize various 

reactive species and, thus, its potential for reducing 

oxidative stress.  
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MATERIALS AND METHODS 

Chemicals  

2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,2′-azino-

bis(3-ethylbenzothiazoline-6-sulfonic acid) 

diammonium salt (ABTS), potassium persulfate 

(K₂S₂O₈), hydrogen peroxide (H₂O₂), nitroblue 

tetrazolium (NBT), phenazine methosulfate (PMS), 

NADH, sodium nitroprusside, Griess reagent, 

ascorbic acid, Folin–Ciocalteu reagent, potassium 

ferricyanide, ferric chloride, and analytical-grade 

solvents (methanol, ethanol, and phosphate buffers) 

were procured from HiMedia Laboratories (Mumbai, 

India). α-tomatine (≥95% purity, HPLC) was 

obtained from Sigma-Aldrich (St. Louis, MO, USA). 

 

DPPH assay 

The DPPH assay was employed to evaluate the 

antioxidant potential of α-tomatine and its ability to 

scavenge ROS. Five concentrations of α-tomatine and 

ascorbic acid 20,40,60,80 and 100 μg/mL were 

prepared in suitable solvents and adjusted to a final 

volume of 1 mL. Each sample was mixed with an 

equal volume (1 mL) of DPPH methanolic solution 

and incubated in the dark for 30 min. The decrease in 

DPPH radical absorbance was measured 

spectrophotometrically at 517 nm, and the 

antioxidant activity of α-tomatine was expressed as 

the percentage reduction in absorbance relative to the 

control (Sharmila and Selvaraj, 2024). 

  

Inhibition (%)={(Absorbance of control-Absorbance 

of sample)/(Absorbance of control)}× 100 

 

ABTS assay 

 The antioxidant activity of α-tomatine was evaluated 

using the ABTS radical cation decolorization assay, 

with ascorbic acid serving as the reference standard. 

The ABTS radical cation was generated by mixing 

equal volumes of 7 mM ABTS stock solution and 2.45 

mM potassium persulfate, followed by incubation in 

the dark at room temperature for 12–16 h. α-tomatine 

was prepared and diluted to final concentrations of 

20-100 μg/mL, while ascorbic acid was diluted to 

equivalent concentrations as the standard. 

Subsequently, 300 µL of sample, standard or vehicle 

control was mixed with 3mL of the ABTS working 

solution. After incubation for 6 min in the dark at 

room temperature, absorbance was measured at 734 

nm using a microplate reader (Kolgi et al., 2021). 

 

Inhibition (%)={(Absorbance of control-Absorbance 

of sample)/(Absorbance of control)}× 100 

 

Superoxide radical scavenging activity  

The superoxide radical scavenging activity of α-

tomatine was assessed using the PMS–NADH–NBT 

assay with slight modifications (Hazra et al., 2008). 

The reaction mixture (final volume: 1.0 mL) consisted 

of 50 mM phosphate buffer (pH 7.4), NBT (50 µM), 

NADH (150 µM), and varying concentrations of α-

tomatine (20–100 µg/mL). The reaction was initiated 

by adding PMS (30 µM) and incubating the mixture 

at room temperature for 2 min. The reduction of NBT 

to formazan was quantified spectrophotometrically at 

560 nm. Ascorbic acid served as the reference 

standard. Control reactions lacking the test 

compound and blanks without NBT were included to 

correct for the intrinsic absorbance of the sample. 

 

Scavenging activity (%)={(Absorbance of control-

Absorbance of sample)/(Absorbance of control)}× 

100 

 

Hydroxyl radical scavenging activity 

We evaluated the hydroxyl radical scavenging 

activity of α-tomatine using the deoxyribose 

degradation assay (Mathew et al., 2015). The 

reaction mixture (1.0 mL) contained 2.8 mM 

deoxyribose, 100 µM FeCl₃, 100 µM EDTA, 100 µM 

ascorbic acid, and 1.0 mM H₂O₂ in 20 mM 

phosphate buffer (pH 7.4). α-Tomatine was tested 

at concentrations ranging from 20-100 μg/mL, and 

the reaction was initiated by the addition of H₂O₂. 

The mixture was incubated at 37 °C for 1 h, after 

which the reaction was terminated by adding 1.0 

mL of 2.8% trichloroacetic acid (TCA) and 1.0 mL 

of 1% thiobarbituric acid (TBA). The samples were 

then heated in a boiling water bath for 15 min, 

cooled to room temperature, and the absorbance of 

the resulting pink chromogen was measured at 532 
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nm against a reagent blank. Ascorbic acid was used 

as the standard reference antioxidant. 

 

Scavenging activity (%)={(Absorbance of control-

Absorbance of sample)/(Absorbance of control)}× 

100 

 

Nitric oxide radical scavenging activity 

 The nitric oxide (NO) scavenging activity of α-

tomatine was assessed using a modified sodium 

nitroprusside (SNP) assay. In aqueous solution at 

physiological pH, SNP spontaneously releases NO, 

which reacts with molecular oxygen to form nitrite 

ions that can be detected using the Griess reagent 

(Boora et al., 2014). Antioxidants compete with 

oxygen to inhibit nitrite formation. The reaction 

mixture consisted of 10 mM SNP in 0.5 mL 

phosphate-buffered saline (PBS, pH 7.4) and varying 

concentrations of α-tomatine (20–100 µg/mL), 

adjusted to a final volume of 1.0 mL. The samples 

were incubated at 25 °C for 150 min under light 

exposure. Following incubation, 0.5 mL of the 

reaction mixture was combined with 0.5 mL of Griess 

reagent (1% sulfanilamide in 2.5% phosphoric acid 

and 0.1% N-(1-naphthyl) ethylenediamine 

dihydrochloride) and left to stand at room 

temperature for 10 min. The absorbance was then 

recorded at 540 nm. 

 

Scavenging activity (%)={(Absorbance of control-

Absorbance of sample)/(Absorbance of control)}× 

100 

 

Hydrogen peroxide assay 

The hydrogen peroxide (H₂O₂) neutralization ability 

of α-tomatine was assessed using a previously 

reported method with a few modifications (Fn et al., 

2015). The concentration was verified using 

spectrophotometric measurement at 230 nm in a 

freshly produced solution of 40 mM H₂O₂ in a 50 

mM phosphate buffer at pH 7.4. After mixing 0.6 mL 

of H₂O₂ solution with α-tomatine concentrations 

ranging from 20-100 μg/mL, the mixture was allowed 

to incubate for 10 minutes at room temperature. 

Phosphate buffer was used as a standard blank to 

measure the absorbance of the reaction mixture at 

230 nm. The positive control was ascorbic acid. The 

percentage of scavenging activity was calculated using 

the formula: 

 

Scavenging activity (%)={(Absorbance of control-

Absorbance of sample)/(Absorbance of control)}× 

100 

 

Reducing power assay 

 The reducing power assay was performed following a 

standard protocol with minor modifications 

(González-Palma et al., 2016). Different 

concentrations of α-tomatine (20-100 μg/mL) were 

mixed with 150 μL of 0.2 M PBS (pH 6.6) and 150 μL 

of 1% potassium ferricyanide, and the reaction 

mixture was incubated at 50 °C for 20 min.  

 

Subsequently, 150 μL of trichloroacetic acid was 

added, and the mixture was centrifuged at 3000 rpm 

for 10 min at room temperature. To 100 μL of the 

resulting supernatant, 150 μL of distilled water and 

50 μL of 0.1% FeCl₃ were added. Ascorbic acid was 

used as the reference standard, and absorbance was 

recorded at 700 nm. An increase in absorbance 

corresponded to higher reducing power, where A 

Control represents the optical density of the control 

and A Sample denotes the optical density of the test 

sample. 

 

Inhibition (%)={(Absorbance of control-Absorbance 

of sample)/(Absorbance of control)}× 100 

 

Statistical analysis 

Data are expressed as mean ± SD (n = 3). Statistical 

significance was analyzed using one-way ANOVA, 

followed by appropriate post-hoc tests; p < 0.05 was 

considered significant through using GraphPad Prism 

software (version 10.0.0; GraphPad Software, USA). 

 

RESULTS  

Assessment of antioxidant potential of α-

tomatine by DPPH assay 

The antioxidant potential of α-tomatine and the 

standard antioxidant ascorbic acid was evaluated at 
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concentrations of 20-100 μg/mL. At the lowest 

concentration (20 μg/mL), α-tomatine exhibited a 

scavenging activity of 28.88 ± 0.6%, whereas ascorbic 

acid showed 48.53 ± 0.4%, indicating higher radical 

neutralization by the standard. At the highest 

concentration (100 μg/mL), α-tomatine reached 

78.54 ± 1.6% scavenging activity, while ascorbic acid 

achieved 91.18 ± 0.8%. Overall, α-tomatine 

demonstrated a concentration-dependent increase in 

antioxidant activity, though consistently lower than 

ascorbic acid. The half-maximal inhibitory 

concentration (IC₅₀) of α-tomatine was 57.64 μg/mL, 

moderately higher than that of ascorbic acid (22.73 

μg/mL), confirming its comparable but less potent 

scavenging efficiency (Fig. 1). 

 

 

Fig. 1. DPPH free radical scavenging activity of α-

tomatine compared with standard ascorbic acid 

The antioxidant capacity of α-tomatine was evaluated 

using the DPPH radical scavenging assay. The 

percentage of DPPH radical scavenging activity 

increased in a concentration-dependent manner for 

both α-tomatine and ascorbic acid. Data are expressed 

as mean ± SD (n = 3). *p < 0.05 indicates significant 

difference compared to the control. 

 

Assessment of ABTS radical scavenging 

capacity of α-tomatine 

The antioxidant potential of α-tomatine was 

evaluated using the ABTS radical cation 

decolorization assay at concentrations ranging 

from 20-100 μg/mL. α-Tomatine displayed a dose-

dependent increase in radical scavenging activity, 

with inhibition values of 28.16 ± 0.2% at the lowest 

concentration (20 μg/mL) and 72.43 ± 0.2% at the 

highest concentration (100 μg/mL) (Fig. 2). In 

comparison, ascorbic acid exhibited higher 

scavenging efficiency across the same 

concentration range, showing 45.72 ± 0.3% 

inhibition at 20 μg/mL and 89.64 ± 0.4% at 100 

μg/mL. The IC₅₀ values were 63.38 μg/mL for α-

tomatine and 28.86 μg/mL for ascorbic acid, 

indicating that while α-tomatine demonstrates 

significant antioxidant potential, its activity 

remains lower than that of the standard reference 

compound. 

 

 

Fig. 2. ABTS radical scavenging activity of α-

tomatine compared with ascorbic acid 

The antioxidant capacity of α-tomatine was evaluated 

using the ABTS radical cation decolorization assay. α-

tomatine exhibited concentration-dependent 

scavenging activity, though with comparatively lower 

efficacy than ascorbic acid. Data are presented as 

mean ± SD (n = 3), and statistical significance was 

assessed at p < 0.05. 

 

Superoxide radical scavenging activity of α-

tomatine 

 The PMS-NADH-NBT assay was employed to assess 

the superoxide radical scavenging activity of α-

tomatine. A concentration-dependent increase in 

scavenging potential was observed, with α-tomatine 

showing 25.14 ± 0.8% inhibition at 20 µg/mL, which 

increased to 68.26 ± 1.2% at 100 µg/mL. In contrast, 

the reference standard ascorbic acid exhibited higher 

activity, with 39.26 ± 1.2% and 80.21 ± 0.4% 

inhibition at 20 and 100 µg/mL, respectively (Fig. 3). 

The IC₅₀ value of α-tomatine was determined to be 

56.75 µg/mL, whereas ascorbic acid exhibited a lower 

IC₅₀ of 32.8 µg/mL, indicating its superior radical 

scavenging efficacy. 
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Fig. 3. Superoxide radical scavenging activity of α-

tomatine and standard ascorbic acid 

The superoxide anion scavenging potential of α-tomatine 

was evaluated using the PMS–NADH–NBT system, and 

the results were compared with the standard antioxidant 

ascorbic acid. Data are presented as mean ± SD (n = 3). 

Statistical significance between treatment groups was 

determined (p < 0.05). 

 

Evaluation of hydroxyl radical inhibition by α-

tomatine 

The hydroxyl radical scavenging activity of α-

tomatine was assessed at concentrations ranging from 

20-100 μg/mL using the Fenton reaction–induced 

deoxyribose degradation assay. A clear dose-

dependent increase in radical inhibition was 

observed. At the lowest concentration (20 µg/mL), α-

tomatine exhibited 26.48 ± 0.4% inhibition, which 

progressively increased with concentration, reaching 

a maximum of 72.27 ± 0.8% at 100 µg/mL, thereby 

indicating substantial hydroxyl radical neutralizing 

capacity. In comparison, the reference antioxidant 

ascorbic acid demonstrated greater efficacy, 

producing 38.23 ± 0.4% inhibition at 20 µg/mL and 

achieving 88.45 ± 1.2% at 100 µg/mL (Fig. 4). 

 

 

Fig. 4. The hydroxyl radical scavenging capacity of α-

tomatine was evaluated in comparison with the 

standard antioxidant ascorbic acid using the 

deoxyribose degradation method. Data are presented 

as mean ± SD of triplicate experiments, and statistical 

significance was determined using one-way ANOVA 

followed by post-hoc analysis (p < 0.05). 

 

The calculated IC₅₀ values were 66.4 µg/mL for α-

tomatine and 35.6 µg/mL for ascorbic acid, 

suggesting that although α-tomatine possesses 

significant hydroxyl radical scavenging potential, its 

antioxidant potency is comparatively lower than that 

of the standard. 

 

Determination of nitric oxide quenching effect 

of α-tomatine 

The nitric oxide scavenging capacity of α-tomatine was 

assessed using the Griess reaction method and 

compared with ascorbic acid, a well-established 

antioxidant standard. A dose-dependent increase in 

inhibition was observed for both test and standard 

compounds within the concentration range of 20–100 

µg/mL. At 20 µg/mL, α-tomatine exhibited 21.72 ± 1.0% 

scavenging activity, which gradually increased to 72.36 ± 

1.0% at 100 µg/mL. In contrast, ascorbic acid 

demonstrated significantly higher activity, with 40.4 ± 

0.6% inhibition at 20 µg/mL and reaching 88.6 ± 0.8% 

at 100 µg/mL (Fig. 5). Interpolation analysis revealed an 

IC₅₀ value of 70.7 µg/mL for α-tomatine, compared with 

38.5 µg/mL for ascorbic acid, confirming the greater 

potency of the standard antioxidant. 

 

 

Fig. 5. Nitric oxide radical scavenging activity of α-

tomatine and ascorbic acid 

The nitric oxide (NO) radical scavenging potential of 

α-tomatine was evaluated and compared with the 
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standard antioxidant, ascorbic acid. Data are 

presented as mean ± SEM (n = 3). p < 0.05 was 

considered statistically significant when compared 

with the control. 

 

Evaluation of α-tomatine for hydrogen 

peroxide neutralization 

The hydrogen peroxide scavenging ability of α-tomatine 

was evaluated and compared with that of the standard 

antioxidant, ascorbic acid. Both α-tomatine and ascorbic 

acid demonstrated a concentration-dependent increase 

in scavenging activity within the range of 20–100 

µg/mL. At 20 µg/mL, α-tomatine exhibited 26.48 ± 

0.4% scavenging activity, which increased to 82.47 ± 

1.4% at 100 µg/mL. In contrast, ascorbic acid showed a 

more pronounced effect, with 40.56 ± 0.6% inhibition at 

20 µg/mL and 92.40 ± 1.2% at 100 µg/mL (Fig. 6). The 

IC₅₀ value of α-tomatine was determined 59.3 µg/mL, 

whereas ascorbic acid exhibited an IC₅₀ of 37.4 µg/mL, 

suggesting that α-tomatine possesses moderate H₂O₂ 

neutralizing potential compared to the standard. These 

findings indicate that α-tomatine can effectively 

attenuate hydrogen peroxide-induced oxidative stress in 

a dose-dependent manner. 

 

 

Fig. 6. Hydrogen peroxide (H₂O₂) scavenging activity of 

α-tomatine compared with standard ascorbic acid 

Data are expressed as mean ± SD (n = 3). Statistical 

significance was analyzed using one-way ANOVA, 

followed by appropriate post-hoc tests; p < 0.05 was 

considered significant. 

 

Evaluation of reducing power of α-tomatine 

The reducing ability of α-tomatine was evidenced by its 

capacity to convert ferric ions (Fe³⁺) to ferrous ions 

(Fe²⁺), as measured by absorbance at 700 nm. The assay 

revealed a concentration-dependent increase in reducing 

potential between 20–100 µg/mL. At 20 µg/mL, α-

tomatine showed an absorbance of 0.21 ± 0.01, which 

progressively increased to 0.82 ± 0.02 at 100 µg/mL. In 

comparison, the standard antioxidant ascorbic acid 

demonstrated greater activity, with absorbance 

values rising from 0.34 ± 0.01 at 20 µg/mL to 1.16 ± 

0.03 at 100 µg/mL (Fig. 7). The IC50 values of α-

tomatine and ascorbic acid was found to be 61.14 

and 40.2 µg/mL respectively. Although less potent 

than ascorbic acid, α-tomatine exhibited notable 

electron-donating capacity, suggesting its potential 

role in preventing free radical chain reactions. The 

IC50 values of antioxidant activity of α-tomatine 

determined by various in vitro free radical 

scavenging assays in comparison with the standard 

antioxidant ascorbic acid is summarized in Table 1. 

 

 

Fig. 7. Reducing power assay of α-tomatine compared 

with ascorbic acid 

Ascorbic acid was used as the standard antioxidant for 

comparison. Data are expressed as mean ± SEM (n = 3), 

and statistical significance was considered at p < 0.05. 

 

Table 1. Various IC50 values of antioxidant activity of 

α-tomatine in various in vitro assays 

Antioxidant assay α-tomatine 
IC₅₀ (µg/mL) 

Ascorbic acid 
IC₅₀ (µg/mL) 

DPPH radical 
scavenging assay 

57.64 22.73 

ABTS radical 
scavenging assay 

63.38 28.86 

Superoxide radical 
scavenging assay 

56.75 32.80 

Hydroxyl radical 
scavenging assay 

66.40 35.60 

Nitric oxide scavenging 
assay 

70.70 38.50 

Hydrogen peroxide 
scavenging assay 

59.30 37.40 

Reducing power assay 61.14 40.20 
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DISCUSSION 

Phytochemicals constitute a varied array of bioactive 

compounds that exist in fruits, vegetables, herbs, and 

spices, which are essential for reducing oxidative 

stress and preventing several chronic and 

degenerative diseases (Zhang et al., 2015). The basic 

principle involves their ability to neutralize free 

radicals, regulate cellular antioxidant defenses, and 

interfere with fundamental biochemical pathways 

associated with inflammation and tissue injury (Forni 

et al., 2019). 

 

The DPPH assay is a widely used method for 

evaluating the antioxidant activity of phytochemical 

compounds. This method is rapid, easy, cost-effective, 

and extensively utilized to assess the capacity of 

substances to function as free radical scavengers or 

hydrogen donors, as well as to determine the 

antioxidant activity of food sources (Abd Rahman et 

al., 2018; Waqas et al., 2013). Previous research has 

found comparable antioxidant characteristics in 

plant-based glycoalkaloids and saponins in the 

reduction of oxidative damage through radical 

scavenging and metal-chelating mechanisms (Lee et 

al., 2016; Milner et al., 2011). In the present study α-

tomatine showed an IC₅₀ value (57.64 µg/mL) was 

higher than that of ascorbic acid (22.73 µg/mL), 

indicating lower potency. However, the progressive 

rise in scavenging ability highlights α-tomatine as a 

promising natural antioxidant. 

 

In ABTS assay, the ABTS radical cation (ABTS⁺•), a 

stable blue-green chromophore, is generated by 

oxidizing ABTS (2,2′-azino-bis (3-

ethylbenzothiazoline-6-sulfonic acid)) with an agent 

such as potassium persulfate. Because of its high 

sensitivity, cost-effectiveness, and suitability for 

evaluating both hydrophilic and lipophilic 

antioxidants, the ABTS assay is considered a versatile 

and reliable tool in antioxidant research (Zampini et 

al., 2010). In this study, The ABTS assay 

demonstrated that α-tomatine exhibits an IC₅₀ value 

(63.38 μg/mL) indicates lower potency than ascorbic 

acid, α-tomatine still showed substantial free-radical 

neutralizing ability, supporting its role as a promising 

natural antioxidant candidate. Research on 

glycoalkaloids extracted from Solanum nigrum 

reveals moderate but significant ABTS radical 

inhibition, consistent with their established 

antioxidant characteristics that enhance the plant's 

therapeutic efficacy (Herqash et al., 2024). In 

addition, saponins derived from Polygonum 

hydropiper have similar ABTS scavenging 

capabilities, highlighting that these glycosidic 

substances function through electron or hydrogen 

transfer mechanisms (Aouadi et al., 2024). 

 

The superoxide radical (O₂⁻) is an essential and 

highly reactive oxygen species (ROS) in biological 

processes. The ability of steroidal glycoalkaloids to 

scavenge superoxide radicals has been shown to be an 

important antioxidant mechanism for reducing 

oxidative damage in these compounds. It neutralizes 

superoxide anions mostly by donating electrons or 

hydrogen atoms, breaking the radical chain events 

that cause cellular damage. Prior research on 

Solanum nigrum L. and its related species has 

indicated that glycoalkaloids demonstrate significant 

superoxide radical scavenging activity in a dose-

dependent way. The antioxidant property is 

attributed to their unique steroidal fundamental 

structure, which undergoes structural alterations that 

facilitate effective involvement in redox processes (Q. 

Zhang et al., 2024). In the current study, α-tomatine 

exhibited moderate superoxide scavenging activity 

with an IC₅₀ value of 56.75 µg/mL, which was higher 

than that of ascorbic acid (IC₅₀ = 32.8 µg/mL), 

indicating its comparatively lower antioxidant 

potency. 

 

The hydroxyl radical (·OH) is one of the most reactive 

ROS, mainly generated through the Fenton reaction 

between hydrogen peroxide and transition metal ions 

like Fe²⁺. Due to its short lifespan and strong 

oxidative potential, ·OH rapidly damages lipids, 

proteins, and DNA, contributing to aging and various 

diseases. Therefore, evaluating ·OH scavenging 

capacity is essential to determine the antioxidant 

potential of bioactive compounds and their ability to 

protect cells from oxidative stress–induced damage 
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(Ahemad et al., 2021; Munteanu and Apetrei, 2021). 

In our investigations, α-tomatine demonstrated 

hydroxyl radical scavenging activity, though with 

lower potency than the standard antioxidant. Its IC₅₀ 

value was 66.4 µg/mL, compared to 35.6 µg/mL for 

ascorbic acid, indicating that higher concentrations of 

α-tomatine are required to achieve comparable 

antioxidant effects. 

 

Nitric oxide (NO) is an important signaling 

molecule that supports functions such as 

vasodilation, neurotransmission, and immune 

defense. However, excess NO can generate reactive 

nitrogen species, leading to oxidative stress and 

cellular damage. Compounds that can lower NO 

levels help prevent the formation of harmful 

intermediates. In this study, nitric oxide 

scavenging was evaluated using sodium 

nitroprusside to induce NO production, followed by 

the Griess reaction to measure nitrite formation. A 

decrease in nitrite levels confirms the ability of the 

test compound to neutralize NO and protect 

against nitrogen-mediated oxidative damage 

(Hottinger et al., 2014). The nitric oxide 

scavenging assay showed that α-tomatine exhibited 

a IC₅₀ value (70.7 µg/mL) was higher than that of 

ascorbic acid (38.5 µg/mL). This suggests that 

although α-tomatine exhibits notable nitric oxide 

(NO) scavenging activity, its potency is 

comparatively lower than that of the standard 

antioxidant.  

 

Consistent with these findings, previous studies have 

reported that a novel synthetic flavonoid, a hydroxy 

thiophene derivative, demonstrated dose-dependent 

nitric oxide radical scavenging activity, thereby 

confirming its antioxidant potential (Bhixavatimath 

et al., 2020). 

 

Hydrogen peroxide serves as an important 

indicator of antioxidant potential, as it can easily 

diffuse across cellular membranes and promote 

oxidative damage through the generation of highly 

reactive hydroxyl radicals via the Fenton reaction. 

The glycoalkaloid structure, consisting of sterol 

backbones linked to sugar moieties, likely 

facilitates electron or hydrogen donation, enabling 

the conversion of H₂O₂ into less reactive species. 

Consistent with previous reports, glycoalkaloid-

containing extracts demonstrate notable, dose-

dependent H₂O₂ neutralization, a response that is 

often associated with elevated phenolic and 

flavonoid content, further supporting their role in 

mitigating oxidative stress (Asif et al., 2024; 

Humbare et al., 2021). In our investigation 

hydrogen peroxide scavenging assay revealed that 

α-tomatine exhibits IC₅₀ value (59.3 µg/mL) was 

higher than that of ascorbic acid (37.4 µg/mL), 

indicating moderate H₂O₂ neutralizing potential. 

The electron-donating capacity of the 

glycoalkaloids interrupts the hydrogen peroxide 

induced oxidative chain reactions, making these 

compounds promising natural antioxidants. 

 

In this assay, the reducing capacity of the sample was 

evaluated based on its ability to donate electrons and 

convert Fe³⁺ to Fe²⁺, resulting in the formation of a 

Prussian blue complex detected spectrophotometrically. 

An increase in absorbance corresponds to greater 

reducing power, reflecting enhanced antioxidant 

potential. Strong reducing activity is widely 

recognized as a key mechanism in antioxidant 

defense, protecting biomolecules from oxidative 

damage (Choi et al., 2020; Hechaichi et al., 2023). 

Experimental results showed that α-tomatine 

exhibited a distinct concentration-dependent 

enhancement in reducing ability, reflecting its strong 

electron-donating potential. Although its activity was 

lower than that of ascorbic acid, α-tomatine still 

demonstrated notable antioxidant capacity, 

highlighting its potential role in mitigating oxidative 

stress. 

 

CONCLUSION 

The findings from the free radical scavenging assays 

demonstrate that α-tomatine possesses significant 

antioxidant potential, effectively neutralizing reactive 

oxygen species in a concentration-dependent manner. 

Although its activity was comparatively lower than 

the standard antioxidant ascorbic acid, α-tomatine 
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exhibited strong radical-quenching and electron-

donating capabilities, reflecting its role in mitigating 

oxidative stress. These results suggest that α-tomatine 

may serve as a promising natural antioxidant 

compound with potential applications in preventing 

oxidative-stress-mediated cellular damage and 

related pathological conditions. 

 

ACKNOWLEDGEMENTS 

The authors gratefully acknowledge the Rashtriya 

Uchchatar Shiksha Abhiyan (RUSA), Government of 

India, for financial supporting to Dr. K. Suresh under 

Rashtriya Uchchatar Shiksha Abhiyan (RUSA) Scheme 

[File Ref. No. 306]. This work was done by Mr. A. Nihal 

Ahamed is the project fellow in this project. 

 

REFERENCES 

Abd Rahman N, Ibrahim F, Aeinehvand M, 

Yusof R, Madou M. 2018. A microfluidic lab-on-a-

disc (LOD) for antioxidant activities of plant extracts. 

Micromachines 9(4), 140. 

https://doi.org/10.3390/mi9040140 

 

Ahemad AIAT, Aejazuddin QMA, Khan GJ. 

2021. Phytochemical screening and in-vitro free 

radical scavenging activity of Unani formulation 

Habb-e-Asgand. Journal of Pharmaceutical Research 

International 33(59B), 1–7. 

https://doi.org/10.9734/jpri/2021/v33i59B34344 

 

Aouadi A, Saoud DH, Rebiai A, Ibrahim MH, 

Messaoudi M, Alia K, Zidane H, Atoki AV, Abd 

El-Mordy FM. 2024. Chemical composition’s effect 

on Solanum nigrum Linn.’s antioxidant capacity and 

erythrocyte protection: Bioactive components and 

molecular docking analysis. Open Life Sciences 19(1), 

20220944. https://doi.org/10.1515/biol-2022-0944 

 

Ashraf MV, Khan S, Misri S, Gaira KS, Rawat 

S, Rawat B, Khan MAH, Shah AA, Asgher M, 

Ahmad S. 2024. High-altitude medicinal plants as 

promising source of phytochemical antioxidants to 

combat lifestyle-associated oxidative stress-induced 

disorders. Pharmaceuticals 17(8), 975. 

https://doi.org/10.3390/ph17080975 

Asif Sk, Deepthi N, Sai Deepika L, Bhavani K, 

Hyma A, Sailaja B, Udaya J, Jagadeesh P, Swathi 

P. 2024. Phytochemical screening and evaluation of 

antioxidant activity of Callisia repens and Crassula 

ovata: An in-vitro study. World Journal of Biology 

Pharmacy and Health Sciences 19(1), 024–033. 

https://doi.org/10.30574/wjbphs.2024.19.1.0377 

 

Bhixavatimath P, Maniyar Y, Naikwadi A. 2020. 

Synthesis, characterization and evaluation of potential 

antioxidant free radical scavenging activity of novel 

synthetic flavonoid. BLDE University Journal of Health 

Sciences 5(3), 50. 

https://doi.org/10.4103/2468-838X.303820 

 

Boora F, Chirisa E, Mukanganyama S. 2014. 

Evaluation of nitrite radical scavenging properties of 

selected Zimbabwean plant extracts and their 

phytoconstituents. Journal of Food Processing 2014, 1–

7. https://doi.org/10.1155/2014/918018 

 

Chatgilialoglu C. 2024. Biomarkers of oxidative and 

radical stress. Biomolecules 14(2), 194. 

https://doi.org/10.3390/biom14020194 

 

Choi Y-E, Choi S-I, Han X, Men X, Jang G-W, 

Kwon H-Y, Kang S-R, Han J-S, Lee O-H. 2020. 

Radical scavenging-linked anti-adipogenic activity of 

Aster scaber ethanolic extract and its bioactive 

compound. Antioxidants 9(12), 1290. 

https://doi.org/10.3390/antiox9121290 

 

Fn U, Ai U, Ao O, Rn N. 2015. Isolation of bioactive 

phytochemicals in leaves of Combretum 

dolichopentalum and their hydrogen peroxide 

scavenging potentials. Pharmaceutica Analytica Acta 

6(11). https://doi.org/10.4172/2153-2435.1000444 

 

Forni C, Facchiano F, Bartoli M, Pieretti S, 

Facchiano A, D’Arcangelo D, Norelli S, Valle G, 

Nisini R, Beninati S, Tabolacci C, Jadeja R N. 

2019. Beneficial role of phytochemicals on oxidative 

stress and age-related diseases. BioMed Research 

International 2019, 1–16. 

https://doi.org/10.1155/2019/8748253 

https://www.innspub.net/


 

 

133  Azad et al. International Journal of Biosciences | IJB 

Website: https://www.innspub.net 

 

Vol. 27, Issue: 5, p. 123-135, 2025 

 
Int. J. Biosci. 

 
González-Palma I, Escalona-Buendía HB, 

Ponce-Alquicira E, Téllez-Téllez M, Gupta VK, 

Díaz-Godínez G, Soriano-Santos J. 2016. 

Evaluation of the antioxidant activity of aqueous and 

methanol extracts of Pleurotus ostreatus in different 

growth stages. Frontiers in Microbiology 7, 1099. 

https://doi.org/10.3389/fmicb.2016.01099 

 

Guo J, Li Z, Yao Y, Fang L, Yu M, Wang Z. 

2024. Curcumin in the treatment of inflammation 

and oxidative stress responses in traumatic brain 

injury: A systematic review and meta-analysis. 

Frontiers in Neurology 15, 1380353.  

https://doi.org/10.3389/fneur.2024.1380353 

 

Gupta N, Gupta S, Kumar M, Guarve K, 

Dhanawat M, Sharma V. 2023. Therapeutic 

potential of genistein and its derivatives as a target for 

anticancer agents. ChemistrySelect 8(21), e202204924. 

https://doi.org/10.1002/slct.202204924 

 

Hazra B, Biswas S, Mandal N. 2008. Antioxidant 

and free radical scavenging activity of Spondias 

pinnata. BMC Complementary and Alternative 

Medicine 8(1), 63. 

7https://doi.org/10.1186/1472-6882-8-63 

 

Hechaichi FZ, Bendif H, Bensouici C, 

Alsalamah SA, Zaidi B, Bouhenna MM, 

Souilah N, Alghonaim MI, Benslama A, 

Medjekal S, Qurtam AA, Miara MD, Boufahja 

F. 2023. Phytochemicals, antioxidant and 

antimicrobial potentials and LC-MS analysis of 

Centaurea parviflora Desf. extracts. Molecules 

28(5), 2263. 

https://doi.org/10.3390/molecules28052263 

 

Herqash RN, Fantoukh OI, Alqahtani AS, 

Shahat AA, Ahamad S, Alqahtani AM. 2024. GC-

MS and RP-HPLC analysis reveals phytochemical 

compositions and antioxidant potential in Solanum 

schimperianum, Solanum cordatum, and Solanum 

nigrum extracts from Saudi Arabia. Egyptian Journal of 

Chemistry. 

https://doi.org/10.21608/ejchem.2024.283184.9599 

Hottinger D, Beebe D, Kozhimannil T, 

Prielipp R, Belani K. 2014. Sodium 

nitroprusside in 2014: A clinical concepts review. 

Journal of Anaesthesiology Clinical Pharmacology 

30(4), 462. 

https://doi.org/10.4103/0970-9185.142799 

 

Humbare R, Sarkar J, Kulkarni A, Kamble 

S. 2021. Evaluation of free radical scavenging with 

in vitro antiproliferative properties of different 

extracts of Pluchea lanceolata (dc.) oliv. and hiern 

in cancer cell lines. Pharmacognosy Magazine 

17(76), 886. 

https://doi.org/10.4103/pm.pm_252_21 

 

Iakovou E, Kourti M. 2022. A comprehensive 

overview of the complex role of oxidative stress in 

aging, the contributing environmental stressors 

and emerging antioxidant therapeutic 

interventions. Frontiers in Aging Neuroscience 14, 

827900. 

https://doi.org/10.3389/fnagi.2022.827900 

 

Jomova K, Alomar SY, Alwasel SH, 

Nepovimova E, Kuca K, Valko M. 2024. 

Several lines of antioxidant defense against 

oxidative stress: Antioxidant enzymes, 

nanomaterials with multiple enzyme-mimicking 

activities, and low-molecular-weight antioxidants. 

Archives of Toxicology 98(5), 1323–1367. 

https://doi.org/10.1007/s00204-024-03696-4 

 

Jomova K, Raptova R, Alomar SY, Alwasel S 

H, Nepovimova E, Kuca K, Valko M. 2023. 

Reactive oxygen species, toxicity, oxidative stress, 

and antioxidants: Chronic diseases and aging. 

Archives of Toxicology 97(10), 2499–2574. 

https://doi.org/10.1007/s00204-023-03562-9 

 

Khan A, Khan A, Khan MA, Malik Z, Massey 

S, Parveen R, Mustafa S, Shamsi A, Husain S 

A. 2024. Phytocompounds targeting epigenetic 

modulations: An assessment in cancer. Frontiers in 

Pharmacology 14, 1273993. 

https://doi.org/10.3389/fphar.2023.1273993 

https://www.innspub.net/


 

 

134  Azad et al. International Journal of Biosciences | IJB 

Website: https://www.innspub.net 

 

Vol. 27, Issue: 5, p. 123-135, 2025 

 
Int. J. Biosci. 

 
Kolgi RR, Karigar CS, Patil S. 2021. Antioxidant 

studies, in vitro cytotoxic and cell viability assay of 

flavonoids and alkaloids of Leucas aspera (Wild.) 

Linn leaves. Asian Journal of Biological and Life 

Sciences 10(1), 165–171. 

https://doi.org/10.5530/ajbls.2021.10.24 

 

Kurutas EB. 2015. The importance of antioxidants 

which play the role in cellular response against 

oxidative/nitrosative stress: Current state. Nutrition 

Journal 15(1), 71. 

https://doi.org/10.1186/s12937-016-0186-5 

 

Lee KJ, Lee G-A, Ma K-H, Raveendar S, Cho Y-

H, Lee J-R, Chung J-W. 2016. Chemical 

constitutions and antioxidant activities of tomato leaf 

extracts. Plant Breeding and Biotechnology 4(3), 

362–372. https://doi.org/10.9787/PBB.2016.4.3.362 

 

Liu Y, Hu H, Yang R, Zhu Z, Cheng K. 2023. 

Current advances in the biosynthesis, metabolism, 

and transcriptional regulation of α-tomatine in 

tomato. Plants 12(18), 3289. 

https://doi.org/10.3390/plants12183289 

 

Mathew S, Abraham TE, Zakaria ZA. 2015. 

Reactivity of phenolic compounds towards free 

radicals under in vitro conditions. Journal of Food 

Science and Technology 52(9), 5790–5798. 

https://doi.org/10.1007/s13197-014-1704-0 

 

Milner SE, Brunton NP, Jones PW, O’Brien N 

M, Collins SG, Maguire AR. 2011. Bioactivities of 

glycoalkaloids and their aglycones from Solanum 

species. Journal of Agricultural and Food Chemistry 

59(8), 3454–3484. 

https://doi.org/10.1021/jf200439q 

 

Munteanu IG, Apetrei C. 2021. Analytical 

methods used in determining antioxidant activity: A 

review. International Journal of Molecular Sciences 

22(7), 3380. https://doi.org/10.3390/ijms22073380 

 

Nakayasu M, Ohno K, Takamatsu K, Aoki Y, 

Yamazaki S, Takase H, Shoji T, Yazaki K, 

Sugiyama A. 2021. Tomato roots secrete tomatine to 

modulate the bacterial assemblage of the rhizosphere. 

Plant Physiology 186(1), 270–284. 

https://doi.org/10.1093/plphys/kiab069 

 

Phaniendra A, Jestadi DB, Periyasamy L. 2015. 

Free radicals: Properties, sources, targets, and their 

implication in various diseases. Indian Journal of 

Clinical Biochemistry 30(1), 11–26. 

https://doi.org/10.1007/s12291-014-0446-0 

 

Sharmila A, Selvaraj CI. 2024. LC–MS/MS-QTOF 

analysis of Anodendron parviflorum (Roxb.) leaves 

extract and exploring its antioxidant, antimicrobial, and 

cytotoxic potential. Future Journal of Pharmaceutical 

Sciences 10(1), 122. 

https://doi.org/10.1186/s43094-024-00695-1 

 

Sikder MM, Li X, Akumwami S, Labony SA. 

2025. Reactive oxygen species: Role in pathophysiology, 

and mechanism of endogenous and dietary antioxidants 

during oxidative stress. Chonnam Medical Journal 

61(1), 32. https://doi.org/10.4068/cmj.2025.61.1.32 

 

Silva-Beltrán NP, Ruiz-Cruz S, Cira-Chávez LA, 

Estrada-Alvarado MI, Ornelas-Paz JDJ, López-

Mata MA, Del-Toro-Sánchez CL, Ayala-Zavala 

JF, Márquez-Ríos E. 2015. Total phenolic, flavonoid, 

tomatine, and tomatidine contents and antioxidant and 

antimicrobial activities of extracts of tomato plant. 

International Journal of Analytical Chemistry 2015, 1–

10. https://doi.org/10.1155/2015/284071 

 

Sonawane PD, Gharat SA, Jozwiak A, Barbole R, 

Heinicke S, Almekias-Siegl E, Meir S, Rogachev 

I, Connor SEO, Giri AP, Aharoni A. 2023. A 

BAHD-type acyltransferase concludes the biosynthetic 

pathway of non-bitter glycoalkaloids in ripe tomato fruit. 

Nature Communications 14(1), 4540. 

https://doi.org/10.1038/s41467-023-40092-5 

 

https://www.innspub.net/


 

 

135  Azad et al. International Journal of Biosciences | IJB 

Website: https://www.innspub.net 

 

Vol. 27, Issue: 5, p. 123-135, 2025 

 
Int. J. Biosci. 

 
Waqas M, Us-Saqib N, Ur-Rashid S, Shah A, 

Akhtar N, Murtaza G. 2013. Screening of 

various botanical extracts for antioxidant activity 

using DPPH free radical method. African Journal 

of Traditional, Complementary and Alternative 

Medicines 10(6), 452. 

https://doi.org/10.4314/ajtcam.v10i6.9 

 

Zampini IC, Ordoñez RM, Isla MI. 2010. 

Autographic assay for the rapid detection of 

antioxidant capacity of liquid and semi-solid 

pharmaceutical formulations using ABTS•+ 

immobilized by gel entrapment. AAPS 

PharmSciTech 11(3), 1159–1163. 

https://doi.org/10.1208/s12249-010-9484-y 

Zhang Q, Liu D, Cui Y, Xu T, Lu T, Liu X, Liu K, 

Wang Q, Li A, Zhao P, Cheng Z. 2024. Bioactivities 

and chemical profiling comparison and metabolomic 

variations of polyphenolics and steroidal glycoalkaloids 

in different parts of Solanum nigrum L. Phytochemical 

Analysis 35(2), 350–368. 

https://doi.org/10.1002/pca.3294 

 

Zhang YJ, Gan RY, Li S, Zhou Y, Li AN, Xu DP, 

Li HB. 2015. Antioxidant phytochemicals for the 

prevention and treatment of chronic diseases. Molecules 

20(12), 21138–21156.  

https://doi.org/10.3390/molecules201219753 

 

Zulaikhah ST. 2017. The role of antioxidant to prevent 

free radicals in the body. Sains Medika: Jurnal 

Kedokteran dan Kesehatan 8(1), 39. 

https://doi.org/10.30659/sainsmed.v8i1.1012 

 

https://www.innspub.net/

