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 INTRODUCTION  

Worldwide, at least two million deaths 

are attributable to liver diseases such as 

cirrhosis, viral hepatitis, and liver 

cancer (Devarbhavi et al., 2023). The 

latter is the fourth significant cause of 

cancer-related deaths globally (Borrello 

and Mann, 2022). One of the significant 

causes of liver diseases includes radical 

species, including reactive oxygen 

species (ROS), known as by-products of 

oxygen metabolism, and reactive 

nitrogen species (RNS) derived from 

nitric oxide and superoxide (Li et al., 

2015; Ramos-Tovar and Muriel, 2020). 

In normal physiological conditions, 

ROS are involved in destroying microorganisms and several signal transduction pathways, including 

gene expression (Li et al., 2015). However, high ROS/RNS levels can damage various biological 

molecules such as DNA, proteins, and lipids, resulting in disease (Li et al., 2015). Oxidative stress is an 

imbalance between ROS generation and elimination (Li et al., 2015; Sharifi-Rad et al., 2020), resulting 

in several disorders, including cancer, diabetes, and liver pathologies (Ramos-Tovar and Muriel, 2020). 

Antioxidants are molecules from endogenous or exogenous sources used to prevent or reduce the extent 
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of ROS damage (Ramos-Tovar and Muriel, 2020). Medicinal plants are a significant source of natural 

antioxidants that have been reported to have beneficial effects on many ailments, including liver 

diseases (Agbor et al., 2022; Li et al., 2015; Ramos-Tovar and Muriel, 2020). Therefore, studying plants 

or herbs susceptible to protecting the liver or other organs may help to treat liver ailments. Among 

medicinal plants with hepatoprotective effects are Balanites aegyptiaca (L.) Delile. (Zygophyllaceae), 

Calotropis procera (Aiton) Dryand. (Apocynaceae), Cochlospermum tinctorium Perrier ex. A.Rich. 

(Bixaceae), and Acanthospermum hispidum DC. (Asteraceae) (Figure 1). In Burkina Faso traditional 

medicine, these plants are used as depurative, diuretic, and to treat liver disorders (Nacoulma 

Ouedraogo, 1996).  

Commonly named "Desert date," B. aegyptiaca is a spiny shrub or tree belonging to the family of 

Zygophyllaceae (Chothani and Vaghasiya, 2011). Native to Africa, B. aegyptiaca is also found in parts 

of the Middle East, Western, and South Asia (Murthy et al., 2021). In African and Indian traditional 

medicine, different parts of this plant are used to treat several ailments, including jaundice, chronic 

hepatitis, malaria, edema, hemorrhoids, and helminthiasis (Murthy et al., 2021; Traore et al., 2018). 

B. aegyptiaca contains various phytochemicals: saponins, polyphenols, coumarins, and alkaloids 

(Murthy et al., 2021). Several published papers have reported some of its biological activities, 

including antioxidant, antimicrobial, hepatoprotective, and anticancer (Traore et al., 2020; Murthy et 

al., 2021).  

C. procera is a shrub that belongs to the family of Apocynaceae. The plant is widespread worldwide 

and grows in various environments, including warm climates, landfills, roadside ditches, and 

wastelands (Dogara, 2023). Known as Sodom's apple, C. procera is widely used in folk medicines to 

treat many diseases like rheumatism, asthma, fever, eczema, diabetes, and malaria (Wadhwani et al., 

2021; Dogara, 2023). The pharmacological studies have demonstrated its several biological 

properties, including antioxidant, anticancer, antibacterial, antiulcer, anti-inflammatory, 

antidiabetic, and hepatoprotective (Al-Rowaily et al., 2020; Wadhwani et al., 2021; Dogara, 2023). 

Numerous phytochemicals, such as terpenoids, flavonoids, tannins, steroids, alkaloids, and saponins, 

have been found in different plant parts (Al-Rowaily et al., 2020).  

In several parts of African countries, C. tinctorium is widely used in traditional medicine. Roots, 

rhizomes, leaves, and flowers are used to cure many ailments, such as convulsion, inflammation, 

diabetes, ulcers, and liver diseases (Ahmad et al., 2021). C. tinctorium contains alkaloids, flavonoids, 

tannins, glycosides, lignans, peptides, and proteins. The demonstrated pharmacological activities of 

this sub-shrub include antioxidant, antihelminthic, antiplasmodial, antimicrobial, anti-inflammatory, 

hepatoprotective, and anticonvulsant (Ahmad et al., 2021). Native to Northern South America, A. 

hispidum is present in other parts of the world, such as Africa, India, Hawaii, and Brazil (Dos Santos et 

al., 2022; Patel et al., 2022). Leaves, roots, and the whole plant are used to alleviate various diseases, 

including bronchitis, arthritis, jaundice, malaria, and liver diseases (Patel et al., 2022). The biological 

activities of A. hispidum have been well described; among these are antimicrobial, antioxidant, 

anticholinesterase, and hepatoprotective (Dos Santos et al., 2022). Various phytochemicals have been 

detected in A. hispidum: terpenes, steroids, tannins, and flavonoids (Dos Santos et al., 2022).  

Based on the scientific data and the traditional uses of these four plants, mostly against liver diseases, 

it was hypothesized that a recipe with a combination of these plants would be more powerful at 
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protecting the liver than each plant. Therefore, the present report aimed to assess the antioxidant and 

antiproliferative potentials and determine the polyphenol contents of a recipe made of B. aegyptiaca, 

C. procera, C. tinctorium, and A. hispidum. To our knowledge, this is the first report investigating the 

biological activities of Burkina Faso’s plant mixture composed of these four plants. The results could 

serve to develop a potent plant formulation against liver diseases sulfoxide (DMSO), Folin and Ciocalteu 

Reagent (FCR), sodium carbonate ascorbic acid, gallic acid, quercetin, trolox, 2-aminoethyl 

diphenylborinate, aluminium trichloride (AlCl3), 2,2’-azino-bis (3ethylbenzothiazoline-6-sulfonic acid 

(ABTS) radical, and 2, 2diphenyl-1-picrylhydrazyl (DPPH) radical were supplied by SigmaAldrich 

(USA). Dulbecco's Modified Eagle's Medium (DMEM, 10013-CV) and trypsin EDTA 1X, and 0.05% (25-

051-CI) were purchased at Corning GmbH (Germany). All other chemicals and reagents were either 

from analytical or technical grade.  

Sterile 96-well microplates treated for cell culture were obtained from Falcon, 353072, USA, and the 

ATPlite luminescent assay system (6016947) was from PerkinElmer (France). Thin-layer 

chromatographic (TLC) plates from Merck (Germany) were used to assess the phytochemical 

composition of the recipe. Three spectrophotometers were used to measure absorbances: Agilent 8453 

UV-visible (USA), Model 680 microplate reader (BIO-RAD, Belgium), and a Fluoroskan FL 

(ThermoFisher Scientific, France).  

MATERIALS AND METHODS  

 Solvents, reagents and equipment  

  

 
Figure 1. Representative pictures of the four plants used in the 

mixture.  

 Plant: Collection and extraction  

 The whole plant of A. hispidum was collected at Dedougou (N0441167, W1364395), a city in western 

Burkina Faso. The stem barks of C. procera were harvested at Gampela (N1225282, W1280060), a peri-

urban area around Ouagadougou. Root barks of B. aegyptiaca were from Boromo (N0510253, 

W1268027), a city of the Boucle du Mouhoun region located between Ouagadougou and Bobo-

Dioulasso, the two major cities of Burkina Faso. Root barks of C. tinctorium were obtained at Farako-

1.       2.   Calotropis  procera   

3.   Acanthospermum hispidum     4.   Cochlospermum tinctorium   
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ba (N0354870, W1227579), a peri-urban area of Bobo-Dioulasso. Plant names were confirmed using 

the website http://www.worldfloraonline.org. A botanist (Dr. Compaore Souleymane) authenticated 

the collected parts by comparing them to specimen vouchers deposited at the herbariums of the 

University Joseph Ki-Zerbo (N°6916 for B. aegyptiaca; N°6980 for C. tinctorium; N°16875 for A. 

hispidum) and National Center for Scientific and Technological Research (CNRST) (N°HB 8716 for C. 

procera).  

The plant parts were shade-dried for at least two weeks. After that, they were powdered using a grinder. 

To prepare the medicinal recipe, 100 g of each powdered plant part was placed in a container, and 1 L 

of 96% ethanol was added. The mixture was left to macerate under mechanical agitation for 24 h at 

room temperature. Then, it was filtrated, concentrated, and lyophilized (BIOBASE, China). The 

extraction's yield was determined by applying the following equation:  

   
 Phytochemical analysis  

 Qualitative and quantitative methods were used to assess the phytochemical composition of the recipe. 

A modified methodology was used to perform the qualitative phytochemical content of the recipe 

(Ciulei, 1982). Tannins, flavonoids, alkaloids, saponins, sterols, triterpenes, anthocyanins, coumarins, 

and reducing sugars were researched in the recipe. Thin-layer chromatography was used to confirm the 

presence of the phytoconstituents using specific revelators.  

The quantitative method consists of estimating the total phenolic and flavonoid contents in the recipe. 

The total phenolic content (TPC) was estimated according to the method described by Singleton et al. 

(1999) with some modifications. In brief, 0.25 ml of a 10 mg/ml ethanolic extract was mixed with 0.25 

ml of 2 N Folin and Ciocalteu's phenol reagent. After 3 to 10 min at room temperature, 0.75 ml of 20% 

sodium carbonate was added. The mixture was allowed to stand for 40 min; after that, absorbance was 

recorded at 760 nm (Agilent 8453 UV-visible spectrophotometer). In the control tube, the recipe was 

replaced with distilled water. TPC was expressed as milligrams of gallic acid equivalent (GAE) per gram 

of dry extract (mg GAE/g).  

The total flavonoid content (TFC) was determined using a modified method described by Abdel-

Hameed (2009). To 0.6 ml of a 1 mg/ml ethanolic extract, 0.6 ml of 2% aluminium trichloride was 

added. The mixture was well homogenized and incubated at room temperature for 40 min. Then, 

absorbance was read at 415 nm using the Agilent 8453 UV-visible spectrophotometer. The blank was 

performed with 0.6 ml of AlCl3 and 0.6 ml of methanol. Quercetin served as standard, and TFC was 

expressed as milligrams of quercetin equivalent (QE) per g of dry extract (mg QE/g).  

 Evaluation of antioxidant potential  

 The antioxidant potential of the recipe made of the four plants was assessed using four methods: radical 

scavenging (DPPH and ABTS assays), ferric-reducing antioxidant power (FRAP), and lipid 

peroxidation (LPO).  

 DPPH radical scavenging effect  

 The radical scavenging activity of the recipe was assayed on DPPH radicals using the method of Kim et 

al. (2007) with some modifications. 20 µL of the recipe and Trolox at different concentrations were 

mixed with 200 µL of DPPH solution at 0.04 mg/ml in a 96-well plate. The plates were left to incubate 

http://www.worldfloraonline.org/
http://www.worldfloraonline.org/
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in the dark at room temperature for 30 min. The absorbance was read at 490 nm using the BIO-RAD 

spectrophotometer. In the control wells, the sample was replaced by methanol.  

The DPPH radical scavenging effect was calculated from the following equation:  

  
 ABTS radical scavenging activity  

 A modified method from Re et al. (1999) was used to determine the recipe's and Trolox's scavenging 

effect on ABTS radicals. The ABTS radicals were produced by reacting the ABTS (7 mM) salt with 

potassium persulfate (2.45 mM). The mixture was allowed to incubate in the dark for 12 to 16 h at room 

temperature. For the experiment, 20 μL of different concentrations of the recipe and Trolox, prepared 

from a 1 mg/ml stock solution, were added to 200 μl of ABTS solution in a 96-well microplate. The 

control consists of 20 μl of ethanol and 200 μl of ABTS solution. Then, the plates were incubated in the 

dark at room temperature for 30 min. The absorbance was measured at 415 nm (BIO-RAD 

spectrophotometer). The ABTS scavenging activity was obtained using the following equation:  

   
Ferric-reducing antioxidant power (FRAP) assay  

 The reducing power of the recipe was evaluated according to the method of Hinneburg et al. (2006). 

Briefly, 0.5 ml of a 1 mg/ml recipe was mixed with 1.25 ml phosphate buffer (0.2 M, pH 6.6) and 1.25 

ml of 1% potassium ferricyanide. The mixture was incubated at 50°C for 30 min, then mixed with 1.25 

ml of 10% trichloroacetic acid and centrifuged for 10 min at 3000 rpm. In a glass tube, 0.625 ml of the 

supernatant, 0.625 ml of distilled water, and 0.125 ml of 1% ferric chloride were mixed. Afterward, the 

absorbance was taken at 700 nm. Ascorbic acid was used as the standard, and the reducing power was 

expressed as mol ascorbic acid equivalent (AAE) per g of recipe (mol AAE/g).  

 Lipid peroxidase inhibition (LPO)  

The capability of the recipe to inhibit lipid peroxidation was performed using a rat liver homogenate 

according to a previous method (Sombie et al., 2011). The Trolox was used as a control. The reaction 

mixture comprised 72 µl of the recipe (1 mg/ml) and 360 µl of liver homogenate. Then, 18 µl of 0.5 mM 

ferrous chloride and 18 µl of 0.5 mM hydrogen peroxide were added. The mixture was incubated at 

37°C for 1 h, followed by the addition of 360 µl of 15% trichloroacetic acid and 360 µl of 0.67% 

thiobarbituric acid. After 15 min in a boiling water bath, the absorbance was measured at 550 nm using 

the BIO-RAD spectrophotometer. The following formula determined the percentage of the inhibition 

(I%) of lipid peroxidation:  

   
 where Ac represents the absorbance of the control (liver homogenate and reagents without sample), 

A1 is the absorbance of the sample, and A2 is the absorbance without the liver homogenate.  

Evaluation of the antiproliferative activity  

 The antiproliferative effect of the recipe was assessed using the chemoresistant human 

hepatocarcinoma cell line Hep3B. Hep3B cells (HB-8064TM, ATCC, USA) were cultured in a DMEM 

medium containing 10% fetal bovine serum, non-essential amino acids, and sodium pyruvate. The cells 

were maintained at 37°C in a humidified atmosphere with 5% CO2. When reaching 70 to 90% 

confluence, the Hep3B cells were washed with phosphate-buffered saline (PBS 1X), trypsinized, and 
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subcultured. Hep3B cells were seeded at 5,000 cells per well in a 96-well plate 24 h before adding the 

recipe. The recipe was tested at 0.1, 1, 2.5, 5, 10, 25, and 50 µg/ml concentrations containing 0.1% of 

DMSO as the vehicle. The antiproliferative activity was measured 48 h after using an ATPbased 

luminescence assay (ATPliteTMkit, Perkin-Elmer, France) according to the method of Carraz et al. 

(2015). The results were compared with controls at 0.1% DMSO. Experiments were performed in 

triplicate.  

 Hep3B cells morphological analysis  

 Hep3B cells were seeded into six-well culture plates (Falcon, USA) at a density of 5 × 104 cells. After 

24 h, cells were treated with fresh medium containing either the IC50 value for the recipe (1.1 µg/ml) 

or approximately half or twice the IC50 (0.5 or 2 µg/mL, respectively). The untreated cells (Control) 

received an equal medium volume with 0.1% DMSO. The cells (treated and untreated) were examined 

at 24 and 48 h. Cell images were obtained using an inverted phase contrast microscope (Zeiss, USA) at 

400 × magnification. 

 

Table 1. Qualitative and polyphenol contents of the recipe.  

 Phytochemical tests  Recipe  

Extraction yield (%)  

  

7.56  

Qualitative analysis    

Tannins  

  

+  

Alkaloids  -  

 Saponins  +  

Anthocyanins  -  

 Flavonoids  +  

 Sterols  +  

Triterpenes  +  

Coumarins  +  

Cardenolides  -  

Reducing sugars  +  

  

Quantitative analysis  

TPC (mg of GAE/g of 

extract)  

  

  

208.81 ± 

1.13  

TFC (mg of QE/g of extract)  10.74 ± 

1.44  

  

Signs (+) and (-) indicate the presence or 

absence of a phytochemical. TPC: Total 
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Data presentation and statistical analysis  

 Using DPPH and ABTS radicals, the radical scavenging effect was expressed as IC50 values, 

representing the inhibitory concentration that scavenges 50% of radicals. Similarly, the ability of the 

recipe to inhibit the proliferative activity of the recipe was expressed as an IC50 value. IC50 values were 

estimated using GraphPad Prism (version 8.0). The experiments were repeated thrice, and the data 

were presented as means ± standard deviation (SD). An unpaired ttest was used to compare the recipe 

to the standard. Statistical differences were considered significant when p-value < 0.05.  

The Pearson coefficient (r) (Ratner, 2009) was used to evaluate the relationships between the in vitro 

activities and the polyphenol content. The coefficients were obtained using GraphPad Prism 8.  

 RESULTS  

 Qualitative and quantitative phytochemical analysis  

 The results of the extraction yield, qualitative, and quantitative phytochemical analysis of the recipe 

are shown in Table 1. Using the standards protocols and the TLC analysis, the following phytochemicals 

are revealed in the recipe: tannins, saponins, sterols, triterpenes, flavonoids, coumarins, and reducing 

sugars. However, alkaloids, anthocyanins, and cardenolides were absent. Moreover, the quantitative 

estimation of polyphenols indicates that the recipe is rich in these compounds, although phenolics seem 

more abundant than flavonoids.  

Antioxidant and antiproliferative effects of the recipe  

 Table 2 shows the results of the effect of the recipe on the different antioxidant models. The antioxidant 

activity of the recipe was measured through IC50 values, FRAP values (in mol AAE/g), and the 

percentage of inhibition for the lipid peroxidation assay. Considering the radical scavenging assays, the 

recipe was more potent on ABTS than DPPH radicals. However, the radical scavenging ability was lesser 

than Trolox. The FRAP assay indicates that the recipe has a high-reducing power. In the lipid 

peroxidation assay, the recipe significantly inhibited the malondialdehyde levels compared to the 

Trolox.  

The ATPlite assay was used to measure the antiproliferative effect of the recipe. The recipe significantly 

inhibits the proliferation of Hep3B cells compared to the control cells 48 h after incubation. The IC50 

phenolic content; TFC: total flavonoid 

content.  
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value was 1.1 ± 0.75 µg/ml. To confirm the ATPlite data, the Hep3B cells were treated for 48 h with the 

recipe at 0.5, 1.1 (IC50 value), and 2 µg/ml. Figure 2A and B shows the images of untreated and treated 

Hep3B cells at 24 and 48 h, respectively. Compared to the untreated cells, it can be noticed that the 

recipe provokes significant changes in the Hep3B cells in a dose-dependent manner.  

 The effect was noticeable 24 h after treatment, and 48 h after, there were more dead cells. The results 

confirm the cytotoxicity potency of the recipe. Almost 90 to 95% of the cells were destroyed at 1.1 and 

 Table 2. Effect of the recipe on the different antioxidant models.  

  Sample  IC50 (µg/mL)  FRAP values  Lipid peroxidation (%)  

 DPPH  ABTS  

 Trolox  0.006 ± 0.0001 0.003 ± 0.0002  -  48.11 ± 3.88  

 Recipe  328.31 ± 0.08**** 11.61 ± 0.0006**** 133.06 ± 2.09 56.39 ± 2.55*  

Values are mean ± standard deviation of three measurements. ****p < 0.0001, *p < 0.05 vs. 

Trolox.  

  

  
Figure 2. Hep3B cell images (A) 24 h and (B) 48 h after treatment or not with the recipe. The 

treated cells received the recipe at 0.5, 1.1 (IC50), and 2 µg/ml.  

 Table 3. Correlation matrix between polyphenol contents (TFC and TPC) and the antioxidant 

and antiproliferative effects.  

 Test  FRAP  DPPH  ABTS  LPO  TFC  TPC  ATPlite  

FRAP  1              

DPPH  0.738  1            

ABTS  -0.997  -0.791  1          

LPO  0.875  0.972  -0.912  1        

TFC  0.441  -0.281  -0.365  -0.049  1      

TPC  -0.796  -0.178  0.743  -0.403  -0.894  1    

ATPlite  -0.636  0.052  0.570  -0.183  -0.973  0.973  1  
 

  

2  µg/mL    µg/mL 1.1   

 µg/mL 0.5   Untreated   

  

  

1.1  µg/mL   

 µg/mL 0.5   

2   µg/mL   

Untreated   

  
  A  B     
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2 µg/ml concentrations 48 h after treatment. The remaining live Hep3B cells at 0.5 µg/ml concentration 

were almost altered 72 h after treatment (data not shown).  

 Correlations between the polyphenols contents and antioxidant and antiproliferative 

activities of the recipe  

 The results showed a weak to moderate correlation between the different tests and total flavonoid 

content (Table 3). The correlation was negatively high between TPC and FRAP assay; however, the 

recipe presents a high positive correlation between the TPC and their potential to scavenge ABTS 

radicals (r = 0.743) and inhibit the proliferation of Hep3B cells (r = 0.973).  

 

 

 DISCUSSION  

 The liver plays a key role in the body; therefore, studies aiming to protect it from hepatotoxins are 

beneficial. B. aegyptiaca, C. procera, C. tinctorium, and A. hispidum are four plants used in traditional 

medicine against various ailments, including hepatic diseases. The present study examined the 

qualitative phytochemical and polyphenol content, the antioxidant and antiproliferative effects of a 

recipe made of four medicinal plants, including B. aegyptiaca, C. procera, C. tinctorium, and A. 

hispidum. By using maceration, the extraction yield was 7.56%. This extraction method was preferred 

based on the unknown nature, labile or thermolabile, of the compounds in the mixture. Furthermore, 

this method has been used to extract various phytoconstituents, including phenolics (Hidayat and 

Wulandari, 2021). The qualitative phytochemical analysis of the recipe showed the presence of various 

secondary metabolites such as tannins, saponins, flavonoids, sterols, triterpenes, and coumarins. 

Alkaloids, anthocyanins, and cardenolides were absent. The phytochemical investigation indicated 

approximately a similar composition of phytochemicals in each plant. Indeed, it was reported that 

various saponins and steroids were isolated from the root extracts of B. aegyptiaca; moreover, tannins, 

triterpenes, flavonoids, coumarins, and steroids were present in different parts of the plants: C. 

procera, C. tinctorium, and A. hispidum (Ahmad et al., 2021; Al-Rowaily et al., 2020; Wadhwani et al., 

2021; Dofuor et al., 2022; Dos Santos et al., 2022; Murthy et al., 2021). Alkaloids were detected in the 

aqueous methanol extract of the root bark of C. tinctorium (Ahmad et al., 2021) but not in the present 

study, suggesting that other compounds in the plant's mixture may be present but at lower levels, so 

undetectable with the current phytochemical analysis. The quantitative content analysis indicated that 

the plant's mixture was rich in polyphenol compounds, confirming that the mixture with the four plants 

did not affect the polyphenol contents. Indeed, each plant contains variable quantities of polyphenol 

compounds (Ahmad et al., 2021; Dogara, 2023; Murthy et al., 2021; N’do et al., 2018).  

Numerous compounds, including phenolic acids, flavonoids, tannins, saponins, steroids, and 

coumarins, have displayed antioxidant activity (El-Lateef et al., 2023; Murthy et al., 2021). It is well-

reported that using two or more antioxidant test methods provides more comprehensible details on a 

sample's antioxidant potential than a single one (Genskowsky et al., 2016). In the current study, four 

antioxidant methods, including radical scavenging, lipid peroxidation, and ferric-reducing assays, 

were used to assess the antioxidant potential of the plant's mixture. The mixture displayed a poor 

radical scavenging effect compared to the trolox. A more potent effect on the ABTS•+ radicals than 
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DPPH ones has been observed. Interestingly, compared to trolox, the plant's mixture was more active 

on malondialdehyde (MDA), indicating an interesting antioxidant capacity for lipid peroxidation.  

Similarly, the plant's mixture was potent in reducing ferric iron to ferrous iron, showing that the 

ethanolic extract possesses high concentrations of reducer compounds. Previous reports on the four 

plants composing the mixture have demonstrated the antioxidant potential of each plant (Dogara, 

2023; Murthy et al., 2021; N’do et al., 2018; Ndouyang et al., 2018). However, this effect may be lesser 

or higher than an individual plant's antioxidant effect. For instance, the ethanolic effect of A. hispidum 

was more potent on the DPPH,  

ABTS, and FRAP assays (N’do et al., 2018) than the plant's mixture. The differences between individual 

plants and the mixture may be related to their phytochemical nature and contents. In fact, herbal 

mixtures contain various compounds with synergistic, additive, and antagonistic activity (Caesar and 

Cech, 2019). Therefore, these results suggest that some compounds may act as inhibitors of other 

compounds, leading to poor bioactivity. Various phytochemicals, including polyphenols, coumarins, 

and saponins, may explain the antioxidant potential of the mixture. The correlation study indicates that 

total flavonoids were not correlated with any antioxidant assay, suggesting that other phytochemicals 

may account for the observed antioxidant activity. The correlation between the ABTS test and total 

phenolic was highly positive, suggesting that the phenolics are presumably responsible for the ABTS 

radical scavenging effect. However, phenolics were negatively correlated with the FRAP assay. This 

result suggests that the high ferric iron-reducing power may be due to other compounds, such as 

saponins, coumarins, and steroids, that can act as antioxidants (El-Lateef et al., 2023; Murthy et al., 

2021). Since free radicals are implicated in liver disorders, the results of the present study show that 

the mixture can, to some extent, protect the liver by inhibiting ROS production. Therefore, further 

studies regarding inhibiting intracellular ROS on various liver cell lines will be helpful.  

The plant's mixture was evaluated on the human hepatocarcinoma Hep3B cells to determine its 

antiproliferative effect. Results showed a significant and dose-dependent inhibition of the proliferation 

of this cell line. The microscopic images of Hep3B cells treated at the IC50 value and 2 µg/ml 

concentrations confirmed the high cytotoxicity potential of the recipe. Based on the US National Cancer 

Institute (NCI), the mixture may be seen as a potent cytotoxic product since the IC50 value was below 

30 µg/ml (Alonso-Castro et al., 2011). The anticancer or antiproliferative effects of B. aegyptiaca, C. 

procera, C. tinctorium, and A. hispidum have already been reported (Ahmad et al., 2021; Hassan et al., 

2016; Bou Malhab et al., 2023; Ibrahim et al., 2022; Mathur et al., 2009; Rajendran and Deepa, 2007). 

Consequently, the mixture of these four plants did not affect their antiproliferative activity. To our 

knowledge, no anticancer or antiproliferative effect of each plant on the Hep3B cells has been reported. 

At least 40% of anticancer drugs discovered from 1940 to 2014 were derived from natural products 

(Choudhari et al., 2019). According to these authors, various phytochemicals, including phenolics, 

flavonoids, triterpenes, saponins, and steroids, are involved in the anticancer effects of medicinal plants  

(Choudhari et al., 2019; Ibrahim et al., 2022). A high positive correlation (r = 0.973) was obtained 

between the ATPlite assay and total phenolic content, suggesting that these compounds account for the 

antiproliferative potential of the mixture. The anticancer mechanisms of phytochemicals are various 

and involve (i) free radicals scavenging, (ii) suppression of survival and proliferation of cancerous cells, 

and (iii) inhibition of multiple molecular targets and signal transduction pathways involved in 
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tumorigenesis (Choudhari et al., 2019; Ranjan et al., 2019). Free radicals are involved in developing 

several diseases, including cancer. Results of the present study suggest that the mixture may be 

considered as a chemoprotective product. Many preclinical reports have been dedicated to the 

chemopreventive effect of phytochemical compounds. Phytochemicals such as resveratrol and 

curcumin have been investigated for their potential as chemoprotective agents (Boretti, 2022; Xiao et 

al., 2018). However, most studies were preclinical since clinical trials gave negative or null results 

(Boretti, 2022). Findings of the present study pave the way for future inquiries to increase our 

understanding of this plant mixture's chemoprotective mechanism of action. Further detailed 

investigations will lay the foundations for a robust clinical trial with the plant’s mixture.  

 Conclusion  

 There is strong evidence that synergistic combinations of two or more compounds or herbal extracts 

may improve efficacy. These studies have gathered the attention of various scientific research teams, 

including ours. In this paper, we report for the first time, to the best of our knowledge, the antioxidant 

and antiproliferative properties of a recipe composed of B. aegyptiaca, C. procera, C. tinctorium, and 

A. hispidum medicinal plants used in traditional medicine to treat liver disorders. The plant's recipe 

contains various phytochemicals, including polyphenols, steroids, saponins, and triterpenes. The 

mixture developed potent in vitro antioxidant and antiproliferative activities. These significant effects 

may be due to the total phenolic content. Findings of the this study demonstrate that the mixture of 

four plants with hepatoprotective potential can help to protect the liver and inhibit the proliferation of 

the human hepatocarcinoma cell line Hep3B. Thus, these results encourage us to continue investigating 

this plant recipe combination's antioxidant and antiproliferative mechanisms of action.  

 CONFLICT OF INTERESTS  

 The authors have not declared any conflict of interests.  

  

  

ACKNOWLEDGEMENTS  

The authors are grateful for the funding from the National Fund for Research and Innovation for 

Development (FONRID) under grant agreement N° AAP_Rapide  

Covid19_mala infect_1-13. They are grateful to the head of the institute, Dr. Sylvin Ouédraogo, for his 

support and encouragement.  

 REFERENCES  

 Abdel-Hameed ESS (2009). Total phenolic contents and free radical scavenging activity of certain 

Egyptian Ficus species leaf samples. Food Chemistry 114(4):1271-1277.  

Agbor GA, Dell’Agli M, Kuiate JR., Ojo O (2022). Editorial: The role of medicinal plants and natural 

products in modulating oxidative stress and inflammatory related disorders. Frontiers in 

Pharmacology 13:957296.  

Ahmad MH, Jatau AI, Khalid GM, Alshargi OY (2021). Traditional uses, phytochemistry, and 

pharmacological activities of Cochlospermum tinctorium A. Rich (Cochlospermaceae): A review. 

Future Journal of Pharmaceutical Sciences 7:20.  



 Journal of Advanced Nursing and Healthcare Research 
Vol. 11 No. 1 | Imp. Factor: 5.879 

 

Copyright: © 2023 Continental Publication 

 
50 

Alonso-Castro AJ, Villarreal ML, Salazar LA, Gomez-Sanchez M, Dominguez F, Garcia-Carranca A 

(2011). Mexican medicinal plants used for cancer treatment: Pharmacological, phytochemical 

and ethnobotanical studies. Journal of Ethnopharmacology 133(3):945972.  

Al-Rowaily SL, Abd-ElGawad AM, Assaeed AM, Elgamal AM, El Gendy AEN, Mohamed TM, Dar BA, 

Mohamed TK, Elshamy AI (2020). Essential oil of Calotropis procera: Comparative chemical 

profiles, antimicrobial activity, and allelopathic potential on weeds. Molecules 25(21):5203.  

Boretti A (2022). Natural products as cancer chemo preventive agents: Where we stand. Natural 

Product Communications 17(12):1-8.  

Borrello MT, Mann D (2022). Chronic liver diseases: From development to novel pharmacological 

therapies: IUPHAR Review 37. British Journal of Pharmacology pp. 1-18.  

Bou Malhab LJ, Bajbouj K, Shehab NG, Elayoty SM, Sinoj J, Adra S, Taneera J, Saleh AM, Abdel-

Rahman WM, Semreen MH, Alzoubi KH, Bustanji Y, El-Huneidi W, Abu-Gharbieh E (2023). 

Potential anticancer properties of Calotropis procera: An investigation on breast and colon 

cancer cells. Heliyon 9(6):e16706.  

Caesar LK, Cech NB (2019). Synergy and antagonism in natural product extracts: When 1 + 1 does not 

equal 2. Natural Product Reports 36(6):869-888.  

Carraz M, Lavergne C, Jullian V, Wright M, Gairin J, Gonzales de la Cruz M, Bourdy G (2015). 

Antiproliferative activity and phenotypic modification induced by selected Peruvian medicinal 

plants on human hepatocellular carcinoma Hep3B cells. Journal of Ethnopharmacology 

166:185-199.  

Chothani DL, Vaghasiya HU (2011). A review on Balanites aegyptiaca Del (desert date): Phytochemical 

constituents, traditional uses, and pharmacological activity. Pharmacognosy Reviews 5(9):55-

62.  

Choudhari AS, Mandave PC, Deshpande M, Ranjekar P, Prakash O (2019). Phytochemicals in cancer 

treatment: From preclinical studies to clinical practice-PMC. Frontiers in Pharmacology 10:1614.  

Ciulei I (1982). Practical manuals on the industrial utilization of medicinal and aromatic plants. 

Methodology for Analysis of Vegetable Drugs. (1st). Ministry of Chemical Industry, Bucarest, 

Romania:1-62.  

Devarbhavi H, Asrani SK, Arab JP, Nartey YA, Pose E, Kamath PS (2023). Global burden of liver 

disease: 2023 Update. Journal of Hepatology 79(2):516-537.  

Dofuor AK, Ademolue TS, Kuampah KNA, Ayertey F, Gwira TM (2022). In vitro mechanism of action 

of Acanthospermum hispidum in Trypanosoma brucei. Advances in Pharmacological and  



 Journal of Advanced Nursing and Healthcare Research 
Vol. 11 No. 1 | Imp. Factor: 5.879 

 

Copyright: © 2023 Continental Publication 

 
51 

Pharmaceutical Sciences 2022:1645653.  

Dogara AM (2023). A systematic review on the biological evaluation of Calotropis procera (Aiton) 

Dryand. Future Journal of Pharmaceutical Sciences 9:16.  

Dos Santos ECF, Machado JCB, Ferreira MRA, Soares LAL (2022). Acanthospermum hispidum DC: 

An updated review on phytochemistry and biological activities. Mini Reviews in Medicinal 

Chemistry 22(5):684-700.  

 El-Lateef HMA, El Dabea T, Khalaf MM, Abu-Dief AM (2023). Recent overview of potent antioxidant 

activity of coordination compounds. Antioxidants 12(2):213.  

Genskowsky E, Puente LA, Pérez-Álvarez JA, Fernandez-López J, Muñoz LA, Viuda-Martos M 

(2016). Determination of polyphenolic profile, antioxidant activity and antibacterial 

properties of maqui [Aristotelia chilensis (Molina) Stuntz] a Chilean blackberry. Journal of 

the Science of Food and Agriculture 96(12):4235-4242.  

Hassan LEA, Dahham SS, Saghir SAM, Mohammed AMA, Eltayeb NM, Majid AMSA, Majid ASA 

(2016). Chemotherapeutic potentials of the stem bark of Balanites aegyptiaca (L.) Delile: An 

antiangiogenic, antitumor and antioxidant agent. BMC Complementary and  

Alternative Medicine 16(1):396.  

Hidayat R, Wulandari P (2021). Methods of extraction: Maceration, percolation and decoction. Eureka 

Herba Indonesia 2(1):68-74.  

Hinneburg I, Dorman Damien HJ, Hiltunen R (2006). Antioxidant activities of extracts from selected 

culinary herbs and spices. Food Chemistry 97(1):122-129.  

Ibrahim OHM, Al-Qurashi AD, Asiry KA, Mousa MAA, Alhakamy NA, Abo-Elyousr KAM (2022). 

Investigation of potential in vitro anticancer and antimicrobial activities of Balanites 

aegyptiaca (L.) Delile fruit extract and its phytochemical components. Plants (Basel, 

Switzerland) 11(19):2621.  

Kim JL, Kang YH, Kang JS (2007). Study on antioxidant potency of green tea by DPPH Method. FASEB 

J 21(5):A726-A727.  

Li S, Tan HY, Wang N, Zhang ZJ, Lao L, Wong CW, Feng Y (2015). The role of oxidative stress and 

antioxidants in liver diseases. International Journal of Molecular Sciences 16(11):26087-

26124.  

Mathur R, Gupta SK, Mathur SR, Thirumurthy V (2009). Anti-tumor studies with extracts of 

Calotropis procera (Ait.) R.Br. Root employing Hep2 cells and their possible mechanism of 

action. Indian Journal of Experimental Biology 47(5):343-348.  



 Journal of Advanced Nursing and Healthcare Research 
Vol. 11 No. 1 | Imp. Factor: 5.879 

 

Copyright: © 2023 Continental Publication 

 
52 

Murthy HN, Yadav GG, Dewir YH, Ibrahim A (2021). Phytochemicals and biological activity of desert 

date (Balanites aegyptiaca (L.) Delile). Plants 10(1):32.  

Nacoulma Ouedraogo OG (1996). Medicinal plants and traditional medical practices in Burkina Faso: 

Case of the Central plateau [Doctorate in Natural Sciences]. University of Ouagadougou 285 

p. N’do YJ, Hilou A, Ouedraogo N, Sombié NE, Traore TK (2018). Phytochemistry, 

antioxidant, and hepatoprotective potential of Acanthospermum hispidum DC extracts 

against diethylnitrosamineinduced hepatotoxicity in rats. Medicines (Basel) 5(2):42.  

Ndouyang CJ, Kaptso G, Nguimbou RM, Scher J, Gaiani C, Facho B (2018). Relationship between 

secondary metabolites, antiradical activities, and colour characteristics of Cochlospermum 

tinctorium A. Rich. (Bixaceae) root. Ghana Journal of Science 59:79-92.  

Patel AM, Patel B, Pandya P (2022). A Review on ethnomedicinal claims of Acanthospermum 

Hispidum DC. International Research Journal of Ayurveda and Yoga 5(6):112-118.  

Rajendran NN, Deepa N (2007). Anti-tumor activity of Acanthospermum hispidum DC on Dalton 

Ascites lymphoma in mice. Natural Product Sciences 13(3):234-240.  

Ramos-Tovar E, Muriel P (2020). Free radicals, antioxidants, nuclear factor-E2-related factor-2 and 

liver damage. Journal of Applied Toxicology 40(1):151-168.  

Ranjan A, Ramachandran S, Gupta N, Kaushik I, Wright S, Srivastava S, Das H, Srivastava S, Prasad 

S, Srivastava SK (2019). Role of phytochemicals in cancer prevention. International Journal 

of Molecular Sciences 20(20):4981.  

Ratner B (2009). The correlation coefficient: Its values range between +1/−1, or do they? Journal of 

Targeting, Measurement and Analysis for Marketing 17(2):139-142.  

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C (1999). Antioxidant activity 

applying an improved ABTS radical cation decolorization assay. Free Radical Biology and 

Medicine 26(910):1231-1237.  

 Sharifi-Rad M, Anil Kumar NV, Zucca P, Varoni EM, Dini L, Panzarini E, Rajkovic J, Tsouh Fokou PV, 

Azzini E, Peluso I, Prakash Mishra A, Nigam M, El Rayess Y, Beyrouthy ME, Polito L, Iriti M, 

Martins N,  

Martorell M, Docea AO, … Sharifi-Rad J (2020). Lifestyle, oxidative stress, and antioxidants: Back and 

forth in the pathophysiology of chronic diseases. Frontiers in Physiology 11:694.  

Singleton VL, Orthofer R, Lamuela-Raventós RM (1999). Analysis of total phenols and other oxidation 

substrates and antioxidants by means of Folin-Ciocalteu reagent. In Methods in Enzymology 

299:152-178.  



 Journal of Advanced Nursing and Healthcare Research 
Vol. 11 No. 1 | Imp. Factor: 5.879 

 

Copyright: © 2023 Continental Publication 

 
53 

Sombie PAED, Hilou A, Mounier C, Coulibaly AY, Kiendrebeogo M, Millogo JF, Nacoulma OG (2011). 

Antioxidant and anti-inflammatory activities from galls of Guiera senegalensis J.F. Gmel 

(Combretaceae). Research Journal of Medicinal Plants 5:448-461. Traore TK, Tibiri A, 

Ouédraogo N, Sombie E, N’Do YJ, Guissou IP (2018). Ethnopharmacological plants used to treat 

hepatitis and their anti-oxidant activity of district of Bobo-Dioulasso (Burkina Faso). 

International Journal of Pharmacological Research 8(3):15.  

 Traore TK, Ouedraogo N, Ouedraogo GG, Boly GAL, Kabre LMEW, Sombie EN, N’do YJ, Ouedraogo 

S, Lompo M, Ouedraogo S, Tibiri A, Guissou I (2020). Hepatoprotective activity of aqueous 

extract of Balanites aegyptiaca L. Delile (Balanitaceae) roots bark. International Journal of 

Phytomedicine 12(3):54-59.  

 Wadhwani D, Mali B, Mali D, Vyas P, Nair R, Khandelwal P (2021). A review on phytochemical 

constituents and pharmacological potential of Calotropis procera. RSC Advances 11(57):35854-

35878.  

Xiao Q, Zhu W, Feng W, Lee SS, Leung AW, Shen J, Gao L, Xu C (2018). A review of Resveratrol as a 

potent chemoprotective and synergistic agent in cancer chemotherapy. Frontiers in 

Pharmacology 9:1534.  

  


