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CHEMICAL PROFILE, QUANTIFICATION OF PHENOLIC COMPOUNDS, AND DPPH TEST OF NELSONIA CANESCENS (LAM.) SPRENG (ACANTHACEAE), A PLANT HARVESTED IN MALI.


Abstract
Nelsonia canescens (Lam.) Spreng. (Acanthaceae) is used in traditional medicine, but information on the phytochemical composition and antioxidant properties of plants collected in Mali remains limited. This study aimed to characterise the chemical groups present in the whole plant, determine its total phenolic and flavonoid contents, and assess its free-radical-scavenging activity. Whole plants were harvested in July 2025 from Manankoro, Koulikoro Region, Mali, and processed to obtain an aqueous extract. Phytochemical screening was performed using colour and precipitation reactions, supplemented by thin-layer chromatography. Total phenolic content was determined by the Folin–Ciocalteu assay, and total flavonoid content was measured by a colourimetric method. Antioxidant activity was assessed using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, with ascorbic acid as the positive control. Screening identified alkaloids, tannins, flavonoids, sterols and triterpenes, free quinones, reducing sugars, amines, mucilage and cardiac glycosides. Chromatographic observations also indicated alkaloids, tannins, flavonoids and anthocyanins. The aqueous extract contained 16.250 ± 0.899 mg gallic acid equivalents per gram of extract of total phenolics and 1.280 ± 0.014 mg catechin equivalents per gram of extract of total flavonoids. Its DPPH inhibitory concentration (IC₅₀) was 192.95 ± 3.91 µg/mL, compared with 9.85 ± 0.85 µg/mL for ascorbic acid. These findings establish a preliminary phytochemical profile and indicate measurable but comparatively weak DPPH radical-scavenging activity under the conditions studied.
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1. Introduction
In developing countries, traditional medicine remains a widely accessible, inexpensive, and therapeutic alternative perceived as natural. For several decades, African traditional healers have used medicinal plants as an essential resource for managing numerous diseases, including certain potentially serious conditions. To this day, many practitioners of traditional medicine continue to use the properties of these plants and their derivatives to treat various conditions (Badiaga et al., 2026). Plant phenolics, terpenes, and alkaloids have been investigated for their potential biological activities (Hilal et al., 2024). Among these plants, Nelsonia canescens (Acanthaceae) plays an important role in traditional therapeutic practices. However, scientific data regarding its phytochemical and biological properties remain limited. In other studies of medicinal plants, phytochemical profiling has been combined with in vitro antioxidant assessment using the DPPH assay (Noudamadjo et al., 2025; Alugbuo et al., 2025). According to herbal medicine practitioners, the extract of this plant is generally prepared as a beverage and administered to patients, particularly children, to relieve fever, pain, and chickenpox, and to alleviate the effects of ulcers. The plant’s root is also believed to possess anti-inflammatory properties (Acharya et al., 2012). Similarly, the alcoholic extract of N. canescens leaves has demonstrated anti-inflammatory and analgesic activities in rats (Owoyele et al., 2005). In Mali, N. canescens is used to treat a serious condition affecting newborns, characterized by the collapse and darkening of blood vessels, traditionally known as “black threads” (Traoré, n.d.). The plant is also used to manage malaria, stomachaches, and gastrointestinal infections (Fané et al., 2025). Furthermore, Dalziel (1937) reported that Nelsonia campestris, a species related to N. canescens, was used to treat yellow fever and eye inflammation. Recent methodological reviews emphasize the importance of extraction and characterization procedures for plant phenolics and indicate that differences in Folin–Ciocalteu assay conditions can limit comparisons of total phenolic measurements (Ahmad et al., 2025; Raposo et al., 2024). Despite these varied traditional uses, the available ethnobotanical and phytochemical data on N. canescens in Mali remain insufficient. This situation highlights the need for further investigation of this species and of the relationship between its documented ethnobotanical uses and secondary-metabolite composition. In this context, the present study was conducted to determine the phytochemical profile of N. canescens and to evaluate its antioxidant activity.
2. Materials and Methods 
2.1. Materials
Plant Material
The plant material consisted of the whole plant, harvested in July 2025 in Manankoro, Koulikoro Region. Taxonomic identification of the specimens was performed at the National Institute for Research in Traditional Medicine and Pharmacopoeia (INRMPT) in Bamako under herbarium number 16/DMT. After harvesting, the samples were dried in the shade at a laboratory temperature (25 °C) for one month until completely dry. The dried samples were then ground and pulverized to obtain a homogeneous powder, which was stored away from light and moisture until analysis.
2.2. Methods
[bookmark: _Toc236659545][bookmark: _Toc234241748]2.2.1. Preparation of the Powder and Aqueous Extracts 
Preparation of Powder for Chemical Characterization
The dried samples were crushed and finely ground to produce a fine powder. 
Aqueous extract for chemical characterization
A 50 g portion of powdered plant material was added to 500 mL of water. The mixture was heated under reflux with stirring for 15 minutes. After cooling, the mixture was filtered and then concentrated under reduced pressure and evaporated at 104 °C for 24 hours. After evaporation, a dry extract was obtained. The dry extract was freeze-dried for the determination of total phenolic compounds and the DPPH radical scavenging assay.

2.2.2. Phytochemical Screening
 The detection of each chemical group was performed using specific reagents, either through colorimetric assays or precipitation assays in test tubes.
Characterization of Chemical Groups
- Flavonoids: 1 mL of extract was placed in a test tube, and 4 drops of HCl and 3 magnesium shavings were added. The presence of flavonoids is indicated by the appearance of an orange-red or pink colour (Badiaga et al., 2026 ; Somboro et al., 2025 ;  Cissé et al., 2025).
- Tannins: 1 mL of extract was placed in a test tube, 3 drops of a 1% FeCl₃ solution were added, and the mixture was incubated for 5 to 10 minutes. A positive test is indicated by the appearance of a blue or dark green colour (Badiaga et al., 2026; Somboro et al., 2025;  Cissé et al., 2025).
- Alkaloids: 5 mL of 1% HCl was added to 2 mL of extract; the solution was incubated in a water bath and divided into two equal parts; Mayer’s reagent was added to the first part and Wagner’s reagent to the second. The appearance of a white or brown precipitate indicates the presence of alkaloids (Badiaga et al., 2026 ; Somboro et al., 2025 ; Cissé et al., 2025 ; Bentabet-Lasgaa, 2015). 
- Sterols and Triterpenes: To 1 mL of extract, 1 mL of acetic anhydride and 4 drops of H₂SO₄ were added. A colour ranging from green to purple or a reddish-to-brown hue in the interface layer indicates the presence of sterols and triterpenes (Badiaga et al., 2026 ; Somboro et al., 2025 ; Cissé et al., 2025).
- Free quinones: 1 mL of extract was placed in a tube, and 5 drops of 1% NaOH were added. A colour change to yellow, red, or purple indicates the presence of free quinones (Badiaga et al., 2026 ; Somboro et al., 2025 ;  Cissé et al., 2025). 
- Terpenoids: 0.4 mL of chloroform followed by 0.6 mL of H₂SO₄ were added to 1 mL of extract. The appearance of two phases and a brown colour in the interphase indicates the presence of terpenoids (Badiaga et al., 2026 ; Somboro et al., 2025 ;  Cissé et al., 2025).
- Anthraquinones: 1 mL of extract was mixed with 0.5 mL of 10% NH₄OH and then shaken. The appearance of a violet colour indicates a positive test (Badiaga et al., 2026 ; Somboro et al., 2025 ; Cissé et al., 2025).
- Reducing sugars: A 5 mL portion of aqueous extract was placed in a test tube, followed by 2 mL of Fehling’s solution (A+B). The mixture was heated in a water bath for 5 minutes. The formation of a brick-red precipitate indicates the presence of reducing compounds (Badiaga et al., 2026 ; Somboro et al., 2025 ; Cissé et al., 2025 ; Bentabet-Lasgaa, 2015). 
- Amines: A drop of extract was placed on filter paper, and then dried at 80 °C in an oven; a drop of ninhydrin was added, and the paper was dried at 110 °C for 5 minutes. The appearance of a purple spot indicates the presence of amines (Badiaga et al., 2026 ; Somboro et al., 2025).
- Saponins: To 1 mL of extract, 2 mL of hot water were added over a period of 15 seconds, and the solution was allowed to stand for 15 minutes. A persistent foam more than 1 cm high indicates the presence of saponins (Badiaga et al., 2026 ; Somboro et al., 2025 ; Bentabet-Lasgaa, 2015).
- Mucilage: A 1% decoction of the powder was prepared, and 2 mL of ethyl alcohol was added to 1 mL of the decoction. The appearance of a viscous or sticky substance indicates the presence of mucilage (Badiaga et al., 2026 ; Somboro et al., 2025 ; Sofowora, 1993)
- Cardiac glycosides: 1 mL of extract was added to 2 mL of CHCl₃, and 4 drops of H₂SO₄ were added. The appearance of a reddish-brown color indicates a positive test (Somboro et al., 2025 ; Evans, 2009).
- Coumarins: 5 mL of ether extract, evaporated in a capsule, was dissolved in 2 mL of hot water. The solution was divided into two equal parts; 0.5 mL of 25% NH₄OH was added to the first part, and the second part served as a control. Under UV light at 366 nm, intense fluorescence was observed in the part containing NH₄OH, revealing the presence of coumarins (Somboro et al., 2025).
2.2.3. Qualitative Analysis by Thin-Layer Chromatography (TLC)
- Identification of alkaloids: Samples were spotted onto the TLC plate using chloroform extracts of the whole N. canescens plant. The elution system consisted of: n-butanol/glacial acetic acid/water (50/10/40). After elution, the TLC plate was sprayed with Dragendorff’s reagent.
- Identification of flavonoids: Samples were spotted onto the TLC plate using the aqueous extract. The elution system consisted of: ethyl acetate/methanol/water (81/11/8). Development was performed using AlCl₃.

2.2.4. Determination of Total Polyphenol Content 
Principle of the Folin-Ciocalteu method 
The Folin–Ciocalteu method is a rapid colorimetric technique used to quantify total polyphenols in an extract. This method is based on the reaction of polyphenols with the Folin-Ciocalteu reagent (Djamilatou et al., 2021; Cicco et al., 2009; Singleton et al., 1999), which is a solution containing tungsten and molybdenum ions. When polyphenols, which act as reducing agents, react with this reagent, they reduce the ions in the reagent (causing them to change from blue to green), resulting in a colour change in the solution. The intensity of the green colour is proportional to the concentration of total polyphenols in the sample. This intensity can be measured by spectrophotometry, typically at a wavelength of 725 nm (Vougat Ngom, 2022).
Experimental Section
The Folin–Ciocalteu method, described by Singleton and Rossi (1965) and used here with a slight modification, was applied to determine the polyphenol content of the aqueous extract of N. canescens. To 200 µL of extract, 1.5 mL of water was added, followed by 2.5 mL of tenfold-diluted Folin’s reagent and 2 mL of 7.5% sodium carbonate (Na₂CO₃), respectively. In an alkaline medium (Na₂CO₃), phenolic compounds reduce this reagent. A blue-coloured molybdenum-tungsten complex was formed. The solution was incubated for 90 minutes in the dark at 25 °C. Absorbance was measured using a spectrophotometer at 725 nm against a blank (cuvette containing 0.5 mL of water). The calibration curve for gallic acid was prepared using different concentrations (20, 40, 60, 80, and 100 µg/mL). The assays were performed five times for each concentration, and three values were selected. These values are expressed in milligrams of gallic acid equivalents per gram of extract (mg GAE/g).
2.2.5. Determination of Total Flavonoid Content 
Principle of the colorimetric method using aluminum salts 
The total flavonoid content is primarily determined by a spectrophotometric colorimetric method using aluminium trichloride (AlCl₃). AlCl₃ reacts with the hydroxyl groups of the flavonoids to form a stable, yellow-colored complex. This reaction allows the flavonoid concentration in a sample to be determined by measuring the intensity of the yellow colour, with results expressed in milligrams of catechin equivalents per gram of extract (mg Ct/g)  (Vougat Ngom, 2022).
Experimental Section 
The flavonoid content of the aqueous extracts was determined using a colorimetric assay with AlCl₃ (Dirar et al., 2019; Jia et al., 1999) and expressed in milligrams of catechin equivalents per gram of extract (mg ECt/g). A 1 mL aliquot of diluted extract was placed in a 10-mL flask; 4 mL of water and 0.3 mL of 5% NaNO₂ solution were added after 5 minutes at 25 °C, followed by 0.3 mL of 10% AlCl₃ solution. The mixture was vigorously shaken for 6 minutes, then 2 mL of 1 M NaOH solution was added. The reaction mixture was made up to 10 mL with water and then shaken. The absorbance of the mixture was measured on a spectrophotometer at 510 nm against a blank (cuvette containing 0.5 mL of water). The assays were performed five times.
2.2.5. Evaluation of Antioxidant Activity (DPPH Assay) 
The DPPH assay is a rapid spectrophotometric method that measures an extract’s ability to scavenge free radicals. Antioxidants are chemical substances, whether natural or synthetic, capable of slowing or preventing the oxidation of other molecules. Oxidation is a chemical reaction that produces free radicals, unstable molecules that can cause damage to cells and contribute to ageing and various chronic diseases such as cardiovascular disease, cancer, and neurodegenerative disorders (Ripolles-Avila, 2020).
Experimental Section 
Antioxidant activity was assessed using the DPPH assay. A volume of 0.2 mL of extract or the standard (ascorbic acid) at concentrations of 25, 75, 100, and 125 µg/mL was added to 7.8 mL of the methanolic DPPH solution (100 µM). The mixture was shaken vigorously and then incubated for 30 minutes in the dark at 25 °C. The decrease in absorbance was measured at 515 nm against a blank (0.5 mL cuvette of methanol) using a spectrophotometer (Biomate 3S UV-Visible). The inhibition percentages were calculated using the following equation:

The IC₅₀ values were calculated by linear regression of the plots (inhibition percentages as a function of different concentrations of the test samples).

3. Results and Discussion 
3.1. Results
3.1.1. Phytochemical Screening
3.1.1.1. Characterization of Chemical Groups
The identification of each chemical group was performed using specific reagents, either in colourimetric or precipitation tests in test tubes in the aqueous extract of N. canescens.
The various chemical groups identified in the aqueous extract of the whole N. canescens plant are listed in Table 1.
The phytochemical screening identified several chemical groups: alkaloids, flavonoids, tannins, sterols and triterpenes, free quinones, amines, cardiac glycosides, oses, and mucilages. The presence of these secondary metabolites in the aqueous extract of the whole plant may help to explain its traditional medicinal use. Flavonoids are associated with antioxidant properties; tannins with antimicrobial and anti-inflammatory activities; alkaloids with various pharmacological activities; and terpenes with wound-healing and hepatoprotective properties. 




[bookmark: _Toc236661325]Table 1: Chemical profile of the aqueous extract of N. canescens
	Chemical groups
	Whole plant

	Alkaloids
	+

	Flavonoids
	+

	Tannins
	+

	Sterols and terpenes
	+

	Free quinones
	+

	Reducing sugars
	+

	Amines
	+

	Mucilage
	+

	Cardiac glycosides
	+

	Coumarins
	-

	Terpenoids
	-

	Anthraquinones
	-

	Saponins
	-



+ : present ; - : absent
Phytochemical screening of the aqueous extract of the whole N. canescens plant revealed the presence of several groups of potentially bioactive secondary metabolites. Although these compounds are not nutrients, they contribute to the plant’s organoleptic properties, particularly its colour, flavour, and odour. However, the tests did not detect any terpenoids, anthraquinones, saponosides, or coumarins.

3.1.1.2. TLC Chromatographic Profile (λ=365 nm)
[bookmark: _Ref234610771][bookmark: _Toc236661326]Phytochemical analysis revealed the presence of several secondary metabolites, including alkaloids, anthocyanins, flavonoids, and tannins. Furthermore, the retention factors (Rf) were determined to characterize the various separated fractions. The values obtained are listed in Table 2.
 Table 2: Determination of front ratios (Rf) for certain chemical groups
	Chemical groups
	Eluent 
	Developers  
	Spot color
	FR  (cm)

	Alkaloids
	n-butanol/Glacial acetic acid/Water (50/10/40)
	Dragendorff's reagent
	Brown, orange
	0.825

	Flavonoids
	Ethyl acetate/methanol/water (81/11/8)
	AlCl₃
	Yellow
	0.83

	Tannins
	Ethyl acetate/methanol/water (81/11/8) 
	FeCl₃ /H₂O (UV-visible) 
	Dark blue (gallic tannins)
	0.775

	Anthocyanins
	Ethyl acetate/methanol/water (81/11/8)
	UV-Visible 
	Red
 Blue-violet
	0.9375
0.325



 CCM Plate Analysis 
- Alkaloids: Brown and orange spots indicates the presence of total alkaloids;
- Tannins: The dark blue colour indicates the presence of gallic tannins;
- Flavonoids: The observed yellow colour indicates the presence of total flavonoids.
- Anthocyanins: The red and blue-violet colours indicate the presence of anthocyanins.

3.1.1.3. Determination of Total Polyphenols and Total Flavonoids 
The results of the determination of total polyphenols and total flavonoids are presented in Table 3.

[bookmark: _Toc210227601]Table 3: Results for total polyphenols and flavonoids s in the aqueous extract of N. canescens
	
	Total polyphenols (mg GAE/g)
	Total flavonoids (mg CtE/g)

	Extract
	Whole plant
	Whole plant

	Aqueous
	16.250 ± 0.899
	1.280 ± 0.014



This analysis quantified the total polyphenols and flavonoids contained in the aqueous extract of the whole N. canescens plant. The total polyphenol content of the extract was 16.250 ± 0.899 mg GAE/g, while the total flavonoid content was 1.280 ± 0.014 mg CtE/g. The approximate proportion of flavonoids in the total polyphenols is 7.88%. Approximately 92 % of the polyphenols may be attributed to phenolic acids, tannins, and phenolic derivatives. These results indicated that the extract contained phenolic compounds in appreciable quantities. However, the low flavonoid content suggests that flavonoids constituted only a minority of the phenolic compounds. The high polyphenol content could therefore be attributed largely to other phenolic compounds, such as phenolic acids or tannins. These findings suggest antioxidant potential, which must be confirmed by the DPPH assay to evaluate the antioxidant activity of N. canescens.
3.1.2. DPPH Assay
The results of the DPPH test are listed in Table 4.
[bookmark: _Toc236661328]Table 4: Results of the DPPH test
	Extract
	IC₅₀  (μg/mL)

	Aqueous extract of the whole plant 
	192.95 ± 3.91

	Vitamin C
	9.85 ± 0.85



The results of the DPPH assay, presented in Table 4, indicate that the aqueous extract of the whole plant exhibited DPPH radical scavenging activity with an IC₅₀ of 192.95 ± 3.91 µg/mL. This value was higher than that of vitamin C (9.85 ± 0.85 µg/mL), which was used as a positive control. Consequently, the aqueous extract showed antioxidant activity, but its IC₅₀ was approximately 19.58 times that of vitamin C. This activity may be attributed to the presence of phenolic compounds or other secondary metabolites capable of donating hydrogen atoms or electrons to the DPPH radical.


3.2. Discussion
Phytochemical analysis of the aqueous extract of N. canescens revealed the presence of a wide range of chemical groups, including alkaloids, tannins, flavonoids, sterols, triterpenes, cardiac glycosides, free quinones, mucilages, amines, and reducing sugars. The results were generally comparable to those of Jannat et al. (2025), who also detected the presence of alkaloids, flavonoids, and tannins in the aqueous extract of N. canescens. They are also consistent with those of Abdullahi et al. (2025), who characterized the alkaloids, tannins, flavonoids, and cardiac glycosides. However, those authors also reported the presence of saponins, which were not detected in the present study. In contrast, the presence of cardiac glycosides and sterols observed in this study differed from that reported by Isah et al. (2019) in the aqueous extract of N. canescens leaves. These variations could be explained by the nature of the extraction solvent, the plant part analyzed, as well as the harvesting and storage conditions of the plant. The extract’s richness in secondary metabolites could contribute to the biological properties observed in N. canescens. Regarding total phenolic compounds, our results are lower than those of Jannat et al. (2025), who reported higher levels of total polyphenols (540.45 ± 2.87 mg GAE/g) and total flavonoids (320.40 ± 3.94 mg QE/g), compared with 16.250 ± 0.899 mg GAE/g and 1.280 ± 0.014 mg CEt/g, respectively, in our study. Similarly, Isah et al. (2019) obtained higher levels of total polyphenols (144.60 ± 1.76 mg/100 g) and total flavonoids (72.50 ± 4.17 mg/100 g) in the aqueous leaf extract. These differences may result from methodological and biological factors, such as botanical variety, the plant’s stage of maturity, the nature of the extraction solvent, the harvest period and conditions, climatic factors, and the geographic origin of the plant material. The antioxidant activity of the aqueous extract of the whole plant was evaluated using the DPPH radical scavenging assay. This activity is of particular interest because oxidative stress is implicated in the onset and progression of several chronic diseases, including cardiovascular diseases, inflammatory diseases, and certain cancers (Badiaga et al., 2026). The DPPH assay indicated radical-scavenging activity in the aqueous extract of N. canescens. Although the IC₅₀ value obtained (192.95 ± 3.91 µg/mL) was higher than that of ascorbic acid, used as a positive control (9.85 ± 0.85 µg/mL), antioxidant activity was nevertheless observed. A lower IC₅₀ value indicates higher antioxidant activity. The results differ from those of Daniel et al. (2022), who reported a IC₅₀ of 41.04 ± 0.25 pg/mL for the chloroform extract, compared to 24.98 ± 0.16 pg/mL for ascorbic acid. This difference highlights the influence of the extraction solvent on the antioxidant activity of plant extracts. Furthermore, the DPPH radical-scavenging activity of ascorbic acid used in this study (IC₅₀ = 9.85 ± 0.85 µg/mL) is higher than that reported by Jannat et al. (2025) (IC₅₀ = 20.67 ± 2.48 µg/mL). This difference may be associated to the experimental conditions, particularly the initial concentration of the DPPH radical, the incubation time, the solvent used, and the method for calculating the IC₅₀.
4. Conclusion

The present investigation characterised the phytochemical groups, total phenolic and flavonoid contents, and DPPH radical-scavenging activity of an aqueous extract prepared from the whole plant of Nelsonia canescens collected in Mali. Qualitative screening identified alkaloids, flavonoids, tannins, sterols and triterpenes, free quinones, reducing sugars, amines, mucilage and cardiac glycosides. The thin-layer chromatographic findings provided additional qualitative evidence of selected chemical groups, including anthocyanins. The measured total phenolic and total flavonoid contents were 16.250 ± 0.899 mg GAE/g and 1.280 ± 0.014 mg CtE/g, respectively. In the DPPH assay, the extract had an IC₅₀ of 192.95 ± 3.91 µg/mL, whereas the value for ascorbic acid was 9.85 ± 0.85 µg/mL, indicating lower radical-scavenging activity than the positive control. These observations provide baseline evidence concerning the chemical characteristics of the sampled plant material and support further investigation of its constituents. However, identification of broad phytochemical groups and an in vitro antioxidant response should not be interpreted as evidence of clinical efficacy or as confirmation of its reported traditional therapeutic applications.
Limitations 
The findings relate to an aqueous extract of whole Nelsonia canescens plants harvested from one location during a single collection period. Phytochemical screening and thin-layer chromatography provided qualitative information on chemical groups, while the phenolic and flavonoid assays measured aggregate contents. Antioxidant activity was assessed using the DPPH assay. Consequently, the results describe the extract under the reported experimental conditions and do not establish the identity of individual active constituents or confirm therapeutic effectiveness. These boundaries should be considered when interpreting the traditional medicinal relevance of the findings.
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