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Abstract 

Solanum nigrum L. belongs to family Solanaceae and commonly used for analgesic, antispasmodic, anti-

inflammatory, antidiabetic, vasodilator emollient, diuretic and laxative. The objective of the present study was to 

establish in-vitro antioxidant activity of ethanolic stem and leaf extract of Solanum nigrum in different in-vitro 

experimental methods like scavenging DPPH radical, H2O2 radical, Deoxy ribose radical, ABTS radical, SO (O2
-) 

radical, Lipid peroxidization and SOD radicals using appropriate assay systems compared to natural and synthetic 

antioxidants. Total phenolic and flavonoid contents were evaluated using the Folin-Ciocalteu method and AlCl3 test, 

respectively. The results showed that leaf extracts accumulated significantly higher phenolic and flavanoid contents. 

The strong inhibitions of free radicals were caused by the ethanolic leaf extract of Solanum nigrum followed by stem 

possess significant antioxidant effect in dose dependent manner. Thus, Solanum nigrum could be considered as a 

potential source of natural antioxidants  
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Introduction 

Free radicals, often called reactive oxygen species (ROS), are fundamental to any biochemical process 

and represent an essential part of aerobic life and metabolism1. During normal physiologic condition, 

ROS are continuously produced in the aerobic cells and removed by endogenous antioxidant defense 

mechanism of the cell. But, under pathologic condition the balance between ROS and antioxidant defense 

mechanism is lost. When ROS production is greater than the detoxification capacity of the cell, 

excessively generated ROS causes extensive damage to DNA, proteins, lipids etc. and acts as a mediator 

of pro-inflammatory and carcinogenic events such as liver cirrhosis, inflammation,atherosclerosis, 

diabetes, cancer, neurodegenerative disease, nephrotoxicity and also the aging process 2,3  

 

Antioxidants are necessary to supplement the natural antioxidant defences of the body to cure these 

diseases. However, the synthetic antioxidants might be unsafe; therefore, more attention is being paid to 

searching for natural antioxidants from plants to prevent oxidative damage4. Now a days, there is an 

increasing attention in finding antioxidant phytochemicals, because they can inhibit the propagation of 

free radical reactions and protect the human body from disorders. The most efficient components seem to 

be flavonoids and phenolic compounds of several plant raw materials, particularly in herbs, seeds, and 

fruits. The metal-chelating capabilities and radical- scavenging properties of plant parts have enabled 

phenolic compounds to be thought of as effective free radical scavengers and inhibitors of lipid 

peroxidation5. Vegetables and fruits are rich sources of antioxidants, such as vitamin A, C, E, carotenoids, 

polyphenolic compounds and flavonoids, which prevent free radical damage, reducing risk of chronic 

diseases such as cardiovascular diseases, especially atherosclerosis  and cancer6.  
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Solanum nigrum Linn. (Solanaceae) commonly known as “black nightshade” has been extensively used in 

traditional medicine in India. It is a short lived perennial shrub that usually grows in moist habitats. 

Extracts of the plant are used as analgesic, antispasmodic, anti-inflammatory, antidiabetic, vasodilator 

emollient, diuretic and laxative7,8. In India, its roots are boiled with a little sugar to increase fertility in 

women, the root juice is also used to treat asthma and whooping cough and leaf paste is used to treat 

rabies and for wound healing. The major active components of this plant are glycoalkaloids, 

glycoproteins, and polysaccharides. It also contains polyphenolic compounds such as gallic acid, catechin, 

protocatechuic acid (PCA), caffeic acid, epicatechin, rutin, and naringenin9. In view of the immense 

medicinal importance of the plant, the present investigatigation focused onto exploration of free radical 

scavenging activity of the stem and leaves of this plant to determine and establish its role in various 

oxidative stress conditions generated by various reactive oxygen species 

 

Materials and methods 

The fresh stem and leaves of  S. nigrum were collected locally and shade dried. The plant parts were 

powdered mechanically and stored in an air tight container. The extraction was carried out by hot 

percolation method using Soxhlet apparatus. The solvent used was ethanol. About 40 gm of powder was 

extracted with 200 ml of ethanol. The extract was concentrated to dryness under controlled temperature 

40-50°C. The extract was preserved in refrigerator till further use. 

 

Collection and Extraction of Samples 

The Solanum nigrum were purchased from local market and washed thoroughly under running tap water 

in order to remove dirt and other contaminants from the plants and then the sample was air dried in shade, 

powdered and stored for further use.  

 

The powder was carefully sieved through muslin cloth. The powder was used to prepare hot extracts of 

Solanum nigrum using Soxhlet extraction method using ethanol as a solvent. The extracts were 

evaporated on the rotary evaporator to remove the solvents completely and reduce the volume. The 

resultant dark mass was then stored in airtight bottles and kept at 4ºC.  

 

Total phenolic content  

100 μl of aliquot sample was mixed with 2.0 ml of 2% Na2CO3 and allowed to stand for 2 min at room 

temperature. After incubation, 100 μl of 50% Folin Ciocalteau’s phenol reagent was added and the 

reaction mixture was mixed thoroughly and allowed to stand for 30 min at room temperature in the dark. 

Absorbance of all the sample solutions was measured at 720 nm using spectrophotometer. All the 

experiment was conducted in three replicates10. 

 

Total flavonoid content  

250 μl of 5% NaNO2 solution was added to 0.5 ml of the stock sample along with 150 μl of 10% 

AlCl3.H2O solution. After 5 min, 0.5 ml of 1M NaOH solution was added and then the total volume was 

made up of 2.5 ml with ionized distilled water and the absorbance was read   510 nm11.  

 

Total antioxidant activity  

Total Antioxidant Capacity (TAC) reagent consist of 7.45 ml of sulphuric acid (0.6 mM solution), 0.9942 

g of sodium sulphate (28 mM solution) and 1.2359 g of ammonium molybdate (4 mM solution) were 
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mixed together in 250 ml distilled water. 300 μl of extract was dissolved in 3 ml of TAC reagent. Blank 

was maintained with distilled water replacing the TAC reagent. Absorbance of all sample mixtures was 

measured at 695 nm. Total antioxidant activity is expressed as the number of equivalents of ascorbic 

acid12.  

 

Total DPPH assay  

2.0 ml of aliquot of test samples was added to 2.0 ml of 0.16 mM DPPH methanolic solution. The mixture 

was vortexed for 1 min and then left to stand at room temperature for 30 min in the dark. The absorbance 

of all the sample solutions was measured at 517 nm. The scavenging effect (%) was calculated by using 

the formula13.  

Scavenging effect (%) = [1-(A sample -A sample blank)/A control] × 100  

 

Hydrogen peroxide radical scavenging assay 

Hydrogen peroxide 10 mM solution was prepared in the phosphate buffer saline of 0.1 M, pH 7.4, 1 ml 

(0.25 mg) of the extract was rapidly mixed with 2 ml of hydrogen peroxide solution. The absorbance was 

measured at 230 nm in the UV spectrophotometer against a blank (without hydrogen peroxide) after 10 

min of incubation at 37ºC14.  

 

Deoxyribose Radical Scavenging Assay  

The reaction mixture containing FeCl3 (100 μM), EDTA (104 μM), H2O2 (1 mM) and 2-deoxy- D-ribose 

(2.8 mM) were mixed with or without sample at various concentrations (10-250 μg) in 1 ml final reaction 

volume made with potassium phosphate buffer (20 mM, pH 7.4) and incubated for 1 hr at 37ºC. The 

mixture was heated at 95 0C in water bath for 15 min followed by the addition of 1 ml each of TCA 

(2.8%) and TBA (0.5% TBA in 0.025 M NaOH containing 0.02% BHA). Finally the reaction mixture 

was cooled on ice and centrifuged at 5000 rpm for 15 min. Absorbance of supernatant was measured at 

532 nm. All readings were corrected for any interference from brown colour of the extract or antioxidant 

by including appropriate controls. The negative control without any antioxidant or sample was considered 

100% Deoxyribose oxidation. The % hydroxyl radical scavenging activity of test sample was determined 

accordingly in comparison with negative control. Ascorbic acid was taken as the positive                       

control15.  

 

ABTS radical scavenging  

The ABTS scavenging capacity of the extract was compared with that of BHT and/or ascorbic acid and 

percentage inhibition calculated as For ABTS assay, the procedure followed with some modifications. 

The antioxidant effect of the leaf extracts was studied using ABTS (2,2'-azino-bis- 3-ethyl benzthiazoline-

6-sulphonic acid) radical cation decolourisation assay according to the method16. ABTS radical cations 

(ABTS+) were produced by reacting ABTS solution (7mM) with 2.45mM ammonium per sulphate. The 

mixture was allowed to stand in the dark at room temperature for 12-16 hours before use. Aliquots 

(0.5ml) of the different extracts were added to 0.3ml of ABTS solution and the final volume was made up 

to 1ml with ethanol. The absorbance was read at 745nm in a spectrophotometer and the per cent inhibition 

was calculated using the formula  

% ABTS radical scavenging activity = control - test/ control x 100  
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Scavenging of superoxide radical  

Assay tubes contained 0.2 ml of the extract (corresponding to 20 mg extract) with 0.2 ml EDTA, 0.1 ml 

Nitro blue tetrazolium, 0.05 ml riboflavin and 2.64 ml phosphate buffer. The control tubes were set up 

with DMSO (Dimethyl sulfoxide) solution instead of the extracts. The initial optical densities of the 

solutions were recorded at 560 nm and the tubes were illuminated uniformly with the fluorescent lamp for 

30 mins. A 560 was measured again and the difference in O.D was taken as the quantum of superoxide 

production. The percentage of inhibition by the sample was calculated by comparing with O.D of the 

control tubes17  

 

Lipid Peroxidation by Egg Yolk Method  

Thiobarbituric acidreactive species (TBARS) as- say as previously described. Egg homogenate (0.5 ml, 

10% in dis- tilled water, v/v) and 0.1 ml of each fraction were mixed separately in a test tube and the 

volume was made up to 1 ml, by adding distilled water. Finally, 0.05 ml FeSO4 (0.07 M) was added to 

the above mixture and incubated for 30 min, to induce lipid peroxidation. Thereafter, 1.5 ml of 20% 

acetic acid and 1.5 ml of 0.8% TBA (w/v) in 1.1% sodium18 

 

Superoxide dismutase radical scavenging activity  

Superoxide anions were generated using PMS / NADH system. The superoxide anions are subsequently 

made to reduce nitro blue tetrazolium (NBT) which yields a chromogenic product, which is measured at 

560 nm. Test solution (20100 mg/ml) in 0.1M phosphate buffer pH 7.4, 625 μl of 468 μM NADH 

solution, 625 μl of 150 μM NBT solution and 625μl of 60 μM PMS solution were added to a test tube and 

incubated at room temperature for 5 min. The absorbance was read at 560 nm.The percentage of 

inhibition by the sample was calculated19  

% Superoxide dismutase radical scavenging activity = control- test/ control X 100  

 

Results and Discussion 
Total Phenolic Content  

Total phenolic content of the stem and leaf extracts of Solanum nigrum were determined by using the 

Folin-Ciocalteu reagent. The total phenolic contents of the test were calculated using the standard curve 

of gallic acid. Stem extract of Solanum nigrum was found to contain the highest amount of phenols (Fig 

1). The Folin- Ciocalteu assay was used for this study, which is fast and simple method to determine the 

amount of phenolic content in the desired extracts20. Phenolic compounds are known as powerful chain 

breaking antioxidant due to their redox properties, hydrogen donors and singlet oxygen quencher21. 

  

Fig 1: Total phenol content 
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Total Flavonoid Content  

The total flavonoid content of the stem and leaf extracts of Solanum nigrum were calculated 

using the standard curve of quercetin. The ethanolic leaf extract of Solanum nigrum was found to 

contain the highest amount of flavonoid (Fig 2). Flavonoids are capable of effectively 

scavenging the reactive O2 species because of their phenolic hydroxyl groups and so they are 

potent antioxidants22. 

Fig 2: Total Flavonoid content 

 
 

 
Total Antioxidant Capacity  

Total antioxidant capacity of the test samples was calculated using the standard curve of ascorbic acid. 

The ethanolic leaf extract of Solanum nigrum was found to possess the highest total antioxidant capacity 

(Fig 3). This results reveal that there is a significant linear relationship between the total phenolic content 

and total antioxidant activity and thus it is evident that antioxidant properties of phenolic compounds the 

resultants of its reducing agents, hydrogen donors, and free radical scavengers23 

Fig 3: Total antioxidant activity 

 

Free Radical Scavenging Assays  

Total DPPH Assay  

The DPPH radical scavenging effect of stem and leaf extracts of Solanum nigrum were determined. The 

percentage inhibition was calculated and the ethanolic leaf extract shows the maximum anti scavenging 

activity (Fig 4) when compared to ethanolic stem extract. Antioxidants can transfer either an electron or a 

hydrogen atom to DPPH, thus neutralizing its free radical character24. DPPH test, which is based on the 

ability of DPPH, a stable free radical, to decolorize in the presence of antioxidants, is a direct and reliable 

method for determining radical scavenging action25. 
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Fig 4: Total DPPH Assay 

 

 
Hydrogen Peroxide Radical Scavenging Assay  

Hydrogen peroxide scavenging abilities of the Solanum nigrum imported stem and leaf extracts are shown 

in Figure 5. The ethanolic leaf extract possesses higher scavenging activity compared to the stem extract 

(94% and 76% at 500 µl, respectively) (Fig 5).  Scavenging of H2O2 by the plant extract could be 

attributed to its phenolics which donate electron to H2O2, thus reducing it to water. The extract was 

capable of scavenging H2O2 in a concentration dependent manner23. Recently, Ramalingam et al., 2012 

reported report that the methanolic extract of Withania somnifera root shows high degree of H2O2 

scavenging activity26. 

 

Fig 5: Hydrogen peroxide scavenging assay 

 

 

Deoxyribose radical scavenging assay 

The hydroxyl radical scavenging activity in an aqueous medium was determined accordingly in 

comparison with negative control. Ascorbic acid was taken as the positive control. Eethanolic extract 

shows the activity of deoxyribose radical scavenging when compared to the stem extracts (Fig 6). The 

antiradical and scavenging activity of the extract in this study is expected due to flavonoids which usually 

contain the high metal chelating activity27,28. 
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Fig 6: Deoxyribose radical scavenging Assay 

 

ABTS Radical Scavenging  

The ABTS scavenging capacity of the extract was compared with that of BHT and/or ascorbic acid and 

percentage inhibition was calculated. This study reports that the ethanolic leaf extract of S. nigrum has 

highest antioxidant activity (92%) than that of its stem counterpart (75%) (Fig 7). The presence of 

phenolic compounds in the extracts of S. nigrum may inhibit the potassium persulfate activity and hence 

reduced the production of ABTS29. 

 

Fig 7: ABTS Radical Scavenging assay 

 

Scavenging of superoxide radical  

Scavenging of superoxide radical was studied and the percentage of inhibition was calculated by 

comparing with O.D of the control tubes. This study reports that the ethanolic leaf extract of S. nigrum 

registered the maximum scavenging activity against Superoxide radical (91%) than that of its stem 

counterpart (78%) (Fig 8). Likewise, Raja et al., 2012 reported the same tendency in superoxide 

scavenging activities by Phyllanthus acidus leaf extracts30.  
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Fig 8: Superoxide radical scavenging assay 

 

Lipid per oxidation by egg yolk method 

Lipid peroxidation is one of the oxidative conversion processes of polyunsaturated fatty acids to lipid 

peroxides and various carbonyl products such as malondialdehyde (MDA), which are highly cytotoxic31. 

The TBARS assay has been used to measure the degree of lipid peroxidation. TBA reacts specifically 

with (MDA), a secondary product of lipid peroxidation to give a red chromogen, which may then be 

determined spectrophotometrically32. In this study, both stem and leaf extracts were capable of preventing 

the formation of MDA in a dose dependent manner (93% and 78% at 500µl conc) (Fig 9). But the highest 

anti-lipid peroxidation activity was revealed by the leaf extract of S. nigrum than the stem extract. This 

assay revealed that the extracts might prevent reactive radical species from damaging biomolecules such 

as lipoprotein, DNA, amino acids, sugar and proteins in biological and food systems 33. 

 

Fig 9: Lipid per oxidation assay 

 

Superoxide dismutase radical scavenging activity  

The Superoxide Dismutase Radical Scavenging Activity was measured and percentage inhibition of the 

extracts was calculated. Ethanol extracts shows the maximum activity of antioxidant when compare 

methanol extract, diethyl ether extract and ethyl acetate extracts (Fig 10). Superoxide dismutase is an 

important enzyme in an antioxidant defense system (12). SOD converts the superoxide anion into 

hydrogen peroxide and thus reduces the toxic effect. The percentage of inhibition of superoxide by SOD 

due to the polyphenols presents them and may reduce the cellular damages34. The present study proves 

that the increasing concentration of the extract have a maximum inhibitory activity of SOD. 
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Fig 10: Superoxide dismutase radical scavenging activity 

 

 

Conclusion 

 
All the conducted experiments in the present study are based on crude extract and are considered to be 

preliminary and more sophisticate research is necessary to reach a concrete conclusion about the findings 

of the present study. To sum up, these findings together demonstrate that Solanum nigrum is an excellent 

plant source for further investigation of individual phenolic compounds, in vivo antioxidant activity of 

them and the different antioxidant mechanisms and also appears to be a most promising candidate from 

which specific antioxidant bioactive products could be developed. Therefore, in depth extensive study 

should be an urgency to sort out bioactive compounds 
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