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A B S T R A C T   

Herbal medications are gaining popularity due to their long history of use in traditional medicine. They serve as a reservoir for a diverse array of 
phytocompounds linked to amelioration of oxidative stress. Oxidative stress is a disturbance in the balance between generation and elimination of 
reactive species in human body. Moreover, reactive species are implicated in the onset and progression of chronic disorders. The current therapeutic 
approaches despite showing efficacy are characterized by several limitations such as adverse effects and prohibitive costs. This drives the need to 
explore alternatives that can inhibit, ameliorate or reverse conditions caused by oxidative stress. Several studies have evaluated antioxidant effects 
of diverse plant extracts. C. edulis and P. capensis are used as traditional therapy among the African communities to manage oxidative stress-related 
ailments. However, there is limited research on the antioxidant effects of these medicinal plants. The current study, therefore, sought to evaluate the 
antioxidant and phytochemical profile, of C. edulis and P. capensis extracts. Samples were collected from Embu County, Kenya. In vitro antioxidant 
properties of the extracts were evaluated through ferric reduction, Iron chelating, hydroxyl radical, and DPPH radical scavenging activities. Ac
tivities of catalase, superoxide dismutase and glutathione reductases of the extracts were further determined. Phytochemical profiles were deter
mined using Liquid Chromatography Mass Spectrophotometer (LC-MS) and Gas Chromatography Mass Spectrophotometer (GC-MS) analyses. The 
extracts displayed concentration dependent antioxidant activities. Phytochemical analyses revealed presence compounds which are associated with 
antioxidant activities including flavonoids, phenolics, tocopherols and terpenoids. The findings provide a scientific validation for the folklore use of 
C. edulis and P. capensis in management of oxidative stress. Nevertheless, there is a need for further purification and characterization of phyto
chemicals associated with antioxidant activities.   

1. Introduction 

Herbal medications are gaining popularity due to their long history of use in traditional medicine [1]. Medicinal plants serve as a 
reservoir for a diverse array of phytocompounds linked to diverse pharmacological effects. Their bioactive components and metab
olites, including phenolics, terpenoid and flavonoids, as well as their modified forms, found in the leaves, roots, barks and stems have 
shown substantial antioxidant potential [2]. Although the toxicity effects of a vast variety of medicinal plants has not been thoroughly 
explored, it is generally accepted that products from herb plants are safer compared to their synthetic counterparts [1]. 

Current studies link oxidative stress to onset and progression of chronic disorders including rheumatoid, cancer and diabetes [3,4]. 
Oxidative stress reflects a disturbance in the balance between generation and elimination of reactive species in human body [3]. ROS 
are the most significant free radicals in human body. They are unstable, reactive and partially reduced products of oxygen including 
superoxide anion and hydroxyl radical. Other reactive molecules in human body include reactive sulfide species and reactive nitrogen 
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species [5]. Sources of free radicals can either be endogenous or exogenous [6]. Processes including mitochondrial respiratory chain, 
inflammation and cell-medicated immune activation are responsible for endogenous free radicals production. Exogenous reactive 
species production occurs due to exposure to radiation, heavy metals, environmental pollutants, cigarette smoke, pesticides and 
automobile exhaust fumes, among others [6]. 

As normal products of cellular metabolism, ROS are involved in cellular signaling and immune defence mechanisms. However, 
under a sustained environmental stress and failure of redox homeostasis, high levels of free radicals are generated and lead to oxidative 
alterations of proteins, lipids and nucleic acids. Cells deploy antioxidant ROS-scavenging systems mainly based on enzymatic com
ponents, including catalase, glutathione, superoxide dismutase (SOD). Further, small molecules viz. glutathione alpha-tocopherol, 
phenols and ascorbate acid, are part of the antioxidative defense systems [5]. However, intrinsic antioxidant defense systems may 
be overwhelmed by environmental and pathological factors [7]. Therefore, it is important to enhance body’s natural antioxidant 
system. 

Synthetic antioxidants including tertbutylhydroquinone (THQ) and butylated hydroxytoluene (BHT)) are used to remediate 
oxidative stressors. However, intake of synthetic antioxidants is challenged by their toxicity and potential health risks [7]. On the 
contrarily, plant based antioxidants continue to receive prominence since they are considered less expensive and abundant in several 
plant sources [8]. Antioxidant effects of plants extracts have been extensively investigated, with Clerodendrum cyrtophyllum [9], Acacia 
catechu, Cinnamomum cassia as well as Citrus limon extracts [10], Calamintha officinalis, [11] Momordica charantia and Syzygium cumini 
[12] exhibiting antioxidant activities. 

Carissa edulis belongs to the Apocynaceae whereas Pappea capensis, the Sapindaceae family [13,14]. Diverse species in the Apoc
ynaceae and Sapindaceae families have antioxidant activities. Among the Apocynaceae, Yadang et al. [15] demonstrated FRAP ac
tivities of aqueous, methanol and hydroethanol extracts of C. edulis. These effects were associated with phytocompounds including 
quercetin in the extracts. Similarly, reducing power activities, hydrogen peroxide and DPPH radical scavenging activities of Carrisa 
carandas have been documented [16]. Similarly, Ghagane et al. [17] documented that Allophylus cobbe, which belongs to the 
Sapindaceae family, has significant antioxidant activities that are attributed to presence of phenolics. 

As medicinal plants, one of the hypothesized mechanistic approaches is through their antioxidant effect [18]. However, little 
information is available on the antioxidant effects of C. edulis and P. capensis. This study, therefore, focused on evaluating in vitro 
antioxidant activities of C. edulis and P. capensis extracts. 

2. Materials and methodology 

2.1. Collection and preparation of plant materials 

The plant samples were collected from Embu County, Kenya with the assistance of a local herbalist. The plants were identified and 
authenticated by an acknowledged taxonomist, assigned voucher specimen’s number and deposited at the Plant Science Departmental 
Herbarium, Kenyatta University. C. edulis was assigned voucher specimen number CM1 whereas P. capensis was assigned CM2. For the 
in vitro antioxidant activity assays, the plant material were sorted, cleaned and air dried in a shade for up to 20 days at room tem
perature. The dried samples were ground, powdered and stored awaiting extraction. 

2.2. Extraction 

For in vitro antioxidant activities aqueous and organic extraction was done. For aqueous extraction, a mass of 300 g of each of the 
pulverized plant samples was each soaked separately in 1 L of double distilled water. Extraction was carried out for 2hr in a water bath 
at 60 ◦C. The samples were set to cool, decanted, re-soaked and extracted for a further 2 h s in a water bath at 60 ◦C. The extracts were 
filtered and freeze-dried. The extracts were stored at 4 ◦C until use. 

For organic extraction, three hundred grams of each powdered plant materials was soaked separately in 1 L of different solvents of 
EtOAc and DCM in a 2 L conical flask. The flasks were shaken regularly and left to stand for 48 h s. This was followed by filtration using 
Whatman filter paper No.1 and concentrated under a vacuum rotary evaporator at 400C. Each extract was stored until use at 4 ◦C. 

For antioxidant enzyme activities, a mass 0.5 g of each plant material was separately homogenized with 5.0 ml of 100 mM po
tassium buffer (pH 7.0). This was performed under ice cold conditions. The mixture was then subjected to centrifugation for 20 min at 
15,000 and supernatant was used for protein content and enzymes assays, including catalase, glutathione reductases and SOD. 

2.3. Determination of antioxidant activities 

2.3.1. Ferric reducing antioxidant power 
A modified procedure to evaluate FRAP activity of C. edulis and P. capensis was adapted from El Jemli et al. [19]. One ml of the 

sample was added to a mixture consisting of equal volume of phosphate buffer and potassium ferricyanide (2.5 ml) before incubation at 
50 ◦C for 20 min. Thereafter, 2.5 ml (0.6 M) trichloroacetic acid (TCA) was added centrifuged (10min) at 3000 rpm. Finally, 2.5 ml of 
dH2O and 0.5 ml of ferric chloride were added to the supernatant and absorbance was read at 700 nm. Vitamin C was the reference 
compound whereas the control comprised of all reagents without extracts or standard. The experiment was undertaken in triplicate. 

2.3.2. DPPH free radical scavenging activity 
DPPH scavenging activity was estimated based on the procedure described by Sahin et al. [20] with slight adjustments. In 
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methanol, a solution (0.1 mM) of DPPH was prepared. An aliquot of 0.5 ml was added to 1 ml of sample at varying concentration (0.05, 
0.1, 0.5, 1.0, 2.0, 5.0 mg/ml). A mixture of DPPH and methanol was used as control whereas ascorbic acid was the reference standard. 
A decrease in absorbance was read at 517 nm after incubation in the dark for 20 min. The experiments were run three times. Percentage 
scavenging activity was computed as follows (Sahin et al., 2004); 

% RSA=
(Abs control − Abs sample)

Abs control
× 100  

Where, 
% RSA = Radical Scavenging Activity. 
Abs control = absorbance of DPPH radical + methanol; 
Abs sample = absorbance of DPPH radical + plant extract/DPPH radical + ascorbic acid. 
The IC50 values of the samples were also determined. 

2.3.3. Iron (Fe2+) chelating activity 
A slight modified protocol by Adjimani and Asare [21] was adopted in determining chelating activity on ferrous ions by C. edulis 

and P. capensis. One ml of the test compound was added to 2.5 ml of ferrous sulphate solution (0.125 mM) followed by an equal volume 
of ferrozine (0.3125 mM) before incubation for 10 min. The tests were done in triplicate whereas absorbance was read at 562 nm. 
EDTA was considered as the standard. A mixture of reagents without the sample or reference standard was used as control. Percentage 
chelating effect was computed using the equation previously described by Adjimani and Asare [21]; 

Chelating effect (%)=
Ac − As

Ac
× 100  

Where, 
Ac = Absorbance of control. 
As = Absorbance of sample. 

2.3.4. Hydroxyl radical scavenging activity 
A modified method by Rahman et al. [4] was used to evaluate the ability of C. edulis and P. capensis to scavenge hydroxyl radical. A 

final reaction mixture (1.0 ml) contained 200 μl of 15 mM of D-ribose in 200 μl of 100 KH2PO4–KOH potassium phosphate buffer (pH 
7.4), 100 μl of extract or reference compound (gallic acid), 100 μl of EDTA and 200 μl of 500 mM FeCl3 ferric chloride, 100 μl of 1 mM 
ascorbic acid and 100 μl of H2O2. The mixture was incubated for 1 h, 1 ml each of thiobarbituric acid and trichloroacetic acid was 
thereafter added. This was followed by incubation for another 10 min at 100 ◦C. The mixture was cooled and absorbance was read at 
700 nm. The experiment was performed three times. Scavenging activity was expressed in percentage using a formula by Rahman et al. 
(2015); 

% Hydroxyl radical scavenging activity=
Abs Control –Abs Sample

Abs Control
× 100  

Where; 
Abs Control = Control absorbance. 
Abs Sample = extract or standard absorbance. 

2.4. Determination of antioxidant enzyme activity 

2.4.1. Protein estimation 

2.4.1.1. Reagents. Reagent A- 500 ml of alkaline solution (2.86 g NAOH, 14.31 g Na2CO3). 
Reagent B-100 ml (1.42 g CuSO4. 5(H2O), 2.85 g C4H4Na2O6. 2(H2O). 
Reagent C-50ml of reagent A and 1.0 ml of reagent B. 
Reagent D- FC reagent protein solution. 
Protein solution (stock standard) - 50 ml (50 mg of bovine serum (BSA) dissolved in dH20 to a final volume of 50 ml. 

2.4.1.2. Procedure. Total protein estimation was done using conventional Lowry’s method as previously described by Sarkar et al. 
[22]. Volumes of 0.1 ml of the extracts and standard were separately pipetted into a series of test tubes (10–100 mg/ml). Thereafter, to 
each test tube, 5.0 ml of reagent C and 0.5 ml of reagent D were added, followed by incubation for 30 min. Absorbance was recorded at 
590 nm. The experiment was run in triplicate. A graph of absorbance versus concentration was plotted for standard solution. Con
centrations of proteins in C. edulis and P. capensis extracts were estimated from the graph. Protein concentration extracts was expressed 
as mg/g FW (Sarkar et al., 2020). 

2.4.2. Catalase activity 
A protocol by Sharma et al. [23] was employed to establish catalase activity of the plant extracts. To a reaction mixture consisting of 
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1.5 ml phosphate buffer and 300 μl plant extracts, 1.2 ml of hydrogen peroxide was added. The rate of H2O2 decomposition was 
indicated by a decrease in absorbance at 240 nm. Triplicate experiments were carried out and activity of the enzyme was computed by 
the following formula; 

Enzyme activity (units /min / gfw)=
Change in abs/min X total volume (ml)

Ext.coefficient X volume of sample taken (ml)

Where, extinction coefficient = 6.93 × 10-3 mM− 1cm− 1 

Abs/min = absorbance per minute 

Specific activity (mmol UA /mg protein)=
Enzyme activity

(
unit

minute

/
gFW

)

Protein content
(

mg
g FW

)

2.4.3. Superoxide dismutase (SOD) activity 
Activity of SOD was conducted spectrophotometrically by a method adapted from Shama et al. (2007). Hydroxylamine hydro

chloride (100 μl) was added to a mixture containing 1.3 ml sodium carbonate buffer, 100 μl TritonX-100 and 500 μl NBT. After 2min, 
70 μl of the enzyme extract was then added. Absorbance was measured spectrophotometically at 540 nm. A control reaction was 
carried out using all reagents without the plant extracts. The experiment was carried out in triplicate. Inhibition of NBT reduction was 
computed using a formula described by Sharma et al. (2007); 

Y=
Change in abs/min(blank) − change in abs/min(sample)

Change in absorbance/min (blank)

Where; 
Abs/min = absorbance per minute. 
Y = % inhibition produced by 70 μl of sample. 
Hence, 50% inhibition is produced by 50 × 70/y = z μl of sample. 
To calculate number of enzymes per unit as formulated as follows; 

Enzyme activity (units /min / gfw)=
Change in abs/min × total volume (ml)

Ext.coefficient × volume of sample taken (ml)

Where, extinction coefficient = 6.22mM− 1cm− 1 

Abs/min = absorbance/minute 

Specific activity (mmol UA /mg protein)=
Enzyme activity

(
unit

minute

/
gFW

)

Protein content
(

mg
g FW

)

2.4.4. Glutathione reductase assay 
Glutathione reductase activity was done following a protocol previously described by Sharma et al. [23]. Reductase activity was 

determined by measuring oxidation of NADPH in a mixture containing 300 μl each of NADPH, enzyme extract, and oxidized gluta
thione (GSSG) and 1.8 ml phosphate buffer. All tests were done in triplicate. Decrease in absorbance per minute was recorded at 340 
nm. The enzyme activity was computed according to the following equation; 

Enzyme activity (units /min / gfw)=
Change in abs/min × total volume (ml)

Ext.coefficient × volume of sample taken (ml)

Where, extinction coefficient = 6.22mM− 1cm− 1 

Abs/min = absorbance per minute 

Specific activity (mmol UA /mg protein)=
Enzyme activity

(
unit

minute

/
gFW

)

Protein content
(

mg
g FW

)

2.5. Quantitative phytochemical profile 

2.5.1. Gas chromatography mass spectrophotometry 
GC-MS analyses of the extracts were carried out using GC-MS instrument equipped with a BPX5 non-polar capillary column, 30 m; 

0.25 mm ID; 0.25 μm film thickness. Carrier gas (pure Helium) was at a constant flow rate of at a flow rate of 1.25 ml/min in split mode. 
For spectral detection, ionization energy of 70 electron Volts was employed with mass fragment range from 50 to 600 m/z, and scan 
speed, 1666 μm/s. The column oven temperature was set at at 35 ◦C (5 min); for 10.5 min, the temperatures were increased (10 ◦C/min 
to 250 ◦C). This was followed by a further increase for 29.9 min at 285 ◦C. 
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2.5.2. Liquid chromatography mass spectrophotometry 
LC-MS analysis separation of C. edulis and P. capensis extracts was done using an ACQUITY UPLC BEH C18 column (Waters Corp., 

Wexford, Ireland). The mobile phase consisted of deionized water with 0.01% formic acid (A) and methanol (B). Gradient elution flow 
was set at 0.2 ml/min whereas the solvent gradient system initiated at as initiated at 5% B and a final 100% held for 20 min. The mass 
spectrometric conditions were follows; m/z range 40–2,000, desolvation temperature of 150 ◦C and 120 ◦C and the drying gas (ni
trogen) flow rate was set at 800 L/h. 

The content of phytocompounds in the test samples were identified by comparing their retention time, peak height, peak area and 
mass spectral patterns with those of authentic compound found in the National Institute of Standards and Technology (NIST) library. 

3. Statistical analysis 

Absorbance measures on antioxidant activities of C. edulis and P. capensis were entered and organized in Microsoft Excel spread
sheet and exported to Graph Pad Prism 5 for analysis. Descriptive statistics were then undertaken and values expressed as mean ±
SEM. One Way ANOVA was done to compare percentage radical scavenging activity among the extracts followed by a post hoc test 
(Tukey’s) at 95% level of significance for pairwise comparison. Unpaired t-test was used to compare antioxidant activities of similar 
extracts. IC50 values were computed using linear regression analysis. 

4. Results 

4.1. Ferric reducing antioxidant power of C. edulis and P. capensis extracts 

The ferric reducing capacity of C. edulis extracts showed an exponential reduction of ferric ions from the least to the highest extracts 
concentration (Fig. 5.1). Further, the ferric reducing capacities were significantly different across the five tested concentrations (p <
0.05; Fig. 1). The ability of ethylacetate and dichloromethane extracts to reduce ferric ions were comparable across all the tested 
concentrations (p > 0.05; Fig. 1). By contrast, the aqueous extract showed the least ferric reducing ability at all the tested concen
tration. The ability to reduce ferric ions by ascorbic acid (standard) was significantly higher compared to those of C. edulis extracts at 
all tested concentrations (p < 0.05; Fig. 1). 

Similarly, the ferric reducing powers of P. capensis extracts were concentration dependent (Fig. 2). Further, the ferric reducing 
activity of P. capensis extracts was statistically different among the five extracts concentrations (p < 0.05; Fig. 2). Moreover, at all the 
concentrations, the ferric reducing effects of ethylacetate extract were statistically comparable to those of the dichloromethane extract 
of P. capensis (p > 0.05). However, the ferric reducing effects of the standard, were significantly higher compared to those of P. capensis 
extracts across the tested concentrations (p < 0.05; Fig. 2). 

4.2. Metal ions chelating activities of C. edulis and P. capensis extracts 

Extracts of C. edulis displayed potent chelating activity on ferrous ions. The ability by C. edulis extracts to chelate ferrous ions was 
concentration-dependent (Fig. 3). Among the five tested extracts concentrations the chelating activities were incomparable from each 
other (p < 0.05; Fig. 3). 

As Fig. 3 shows, at all the tested concentrations, ferrous ions chelating effects of ethylacetate C. edulis extract were comparable to 
those of EDTA, a chelator (p > 0.05). Further analysis showed that the aqueous extract exhibited the lowest capacity to chelate ferrous 
ions (Fig. 3). 

Fig. 1. In vitro FRAP activity of leaf extracts of C. edulis. Bars with different lowercase are statistically significant (p < 0.05). Within the same 
concentration, bars with asterisk (*) are not statistically significantly (p > 0.05) by one way ANOVA followed by Tukey’s post hoc test. 
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As shown in Table 1, the concentration of ethylacetate extract of C. edulis that inhibited ferrozine-Fe2+ complexes formation by 50% 
was 134.07 ± 0.47 μg/ml. On the other hand, the IC50 values of the effect of the dichloromethane and aqueous extracts were 151.77 ±
0.38 μg/ml and 183.30 ± 1.11 μg/ml, respectively. EDTA had an IC50 value of 132.23 ± 1.48 μg/ml (Table 1). 

Similarly, the capacity to chelate ferrous ions by aqueous, ethylacetate and dichloromethane extracts of P. capensis increased with 
the increase of extract concentration (Fig. 4). 

In the five tested concentrations, the ethylacetate extract of P. capensis had statistically similar chelating effects with those of the 
dichloromethane extract. (p > 0.05) Moreover, EDTA exhibited significantly higher chelating activities compared to those of 
P. capensis extracts (p < 0.05; Fig. 4). 

The IC50 values of P. capensis extracts were higher compared to that of EDTA (132.23 ± 1.48 μg/ml). The IC50 values of aqueous, 

Fig. 2. In vitro FRAP activity of stem bark extracts of P. capensis. Bars with different lowercase are statistically significant (p < 0.05). Within the 
same concentration, bars with asterisk (*) are not statistically significantly (p > 0.05) by one way ANOVA followed by Tukey’s post hoc test. 

Fig. 3. In vitro iron-chelating activity of leaf extracts of C. edulis. Bars with different lowercase are statistically significant (p < 0.05). Within the 
same concentration, bars with asterisk (*) are not statistically significantly (p > 0.05) by one way ANOVA followed by Tukey’s post hoc test. 

Table 1 
The concentrations of C. edulis extracts needed to inhibit 50% of the radical  

Radical Formed Sample IC50 (μg/ml) 

Iron (II ferrozine complex) C. edulis Aqueous 134.07 ± 0.47a  

C. edulis EtoAc 183.30 ± 1.11c  

C. edulis DCM 151.77 ± 0.38b  

EDTA 132.23 ± 1.48a 

Results are expressed as mean ± SEM. Means with identical superscript are not statistically different at p > 0.05 
by one way ANOVA followed by Tukey’s post hoc test. 
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ethylacetate and dichloromethane were 144.57 ± 3.60 μg/ml, 194.83 ± 3.49 μg/ml and 235.03 ± 0.33 μg/ml, respectively (Table 2). 

4.3. Hydroxyl scavenging radical activities of C. edulis and P. capensis extracts 

The hydroxyl radical scavenging activity of C. edulis extracts is shown in Fig. 5. In each extract, maximum scavenging activity was 
observed at the highest extract concentration (Fig. 5). Hydroxyl scavenging potency of ethylacetate and dichloromethane leaf extracts 
of C. edulis were statistically comparable across in all the five extracts concentrations (p > 0.05) but statistically higher compared to 
those of the aqueous extract (p < 0.05; Fig. 5). 

From the analysis, the least amount of the ethylacetate extract of C. edulis required to elicit hydroxyl scavenging activity was 0.16 
± 0.02 mg/ml, whereas those of dichloromethane and aqueous extracts were 0.23 ± 0.05 mg/ml and 0.25 ± 0.04 mg/ml, respectively. 
Gallic acid showed the lowest IC50 value (0.13 ± 0.03 mg/ml) (Table 3). As shown in Fig. 6, the hydroxyl radical scavenging abilities of 
P. capensis extracts were concentration-dependent (Fig. 6). The highest extract concentration was more potent compared to the lower 
extract concentrations (Fig. 6). 

As shown in Fig. 6, in the five tested extract concentrations, the hydroxyl radical scavenging activities of ethylacetate and 
dichloromethane extracts were comparable (p > 0.05). However, the aqueous extracts of P. capensis showed the least activities, 
whereas gallic acid exhibited the highest hydroxyl radical scavenging activities at all concentrations (Fig. 6). 

The current study also showed that the concentration required to inhibit formation of hydroxyl radical by 50% (IC50) by the 
ethylacetate extract of P. capensis was 0.20 ± 0.21 mg/ml, whereas those of dichloromethane and aqueous extracts were 0.21 ± 0.20 
and 0.32 ± 0.19 mg/ml, respectively. Gallic acid showed the highest scavenging effect with an IC50 value of 0.13 ± 0.03 mg/ml 
(Table 4). 

4.4. DPPH radical scavenging activities of C. edulis and P. capensis extracts 

The C. edulis extracts revealed a concentration-dependent DPPH free radical scavenging activity. Fig. 7 shows that the highest 
scavenging effect was observed at the highest extract concentration. Albeit the five extract concentrations revealed potent efficacy 
against DPPH radicals, the scavenging activity significantly differed from each other (p < 0.05). The DPPH radical scavenging ac
tivities of dichloromethane and ethylacetate of C. edulis extracts were statistically comparable to those ascorbic acid (p > 0.05; Fig. 7). 

Furthermore, IC50 values the ethylacetate extract of C. edulis was 0.22 ± 0.06 mg/ml, whereas those of dichloromethane and 
aqueous extracts, 0.23 ± 0.20 and 0.43 ± 0.16 mg/ml, respectively Ascorbic acid had an IC50 value of 0.20 ± 0.01 mg/ml (Table 5). 

The current study also revealed that the DPPH radical scavenging activities of aqueous, ethylacetate and dichloromethane stem 

Fig. 4. In vitro iron-chelating activity of stem bark extracts of P. capensis. 
Bars with different lowercase are statistically significant (p < 0.05). Within the same concentration, bars with asterisk (*) are not statistically 
significantly (p > 0.05) by one way ANOVA followed by Tukey’s post hoc test. 

Table 2 
The concentrations of P. capensis extracts needed to inhibit 50% of the radical  

Radical Formed Sample IC50 (μg/ml) 

Iron (II ferrozine complex) P. capensis Aqueous 144.57 ± 3.60b  

P. capensis EtoAc 194.83 ± 3.49c  

P. capensis DCM 235.03 ± 0.33d  

EDTA 132.23 ± 1.48a 

Results are expressed as mean ± SEM for replicate measurements n = 3. Values with the identical superscript are 
not statistically different from each other at p > 0.05 by one way ANOVA followed by Tukey’s post hoc test. 
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bark extracts of P. capensis were concentration-dependent (Fig. 8). In comparison, the DPPH radical scavenging effects of the ethyl
acetate extract of P. capensis were statistically similar to those of dichloromethane extract in all the five concentrations (p > 0.05; 
Fig. 8). However, ascorbic acid had a significantly higher activity compared to P. capensis extracts (p < 0.05; Fig. 8). 

In terms of IC50, the ethylacetate extract P. capensis extract had an IC50 value of 0.43 ± 0.06 mg/ml whereas the dichloromethane 
and aqueous extracts scavenged DPPH radical with half maximal inhibitory concentration values of 0.43 ± 0.02 mg/ml and 0.46 ±
0.03 mg/ml, respectively (Table 6). 

Fig. 5. In vitro hydroxyl radical scavenging activity of leaf extracts C. edulis. Bars with different lowercase are statistically significant (p < 0.05). 
Within the same concentration, bars with asterisk (*) are not statistically significantly (p > 0.05) by one way ANOVA followed by Tukey’s post 
hoc test. 

Table 3 
The concentrations of C. edulis extracts needed to inhibit 50% of the radical formed  

Radical Formed Sample IC50 (μg/ml) 

Hydroxyl radical C. edulis Aqueous 250 ± 0.04c  

C. edulis EtoAc 160 ± 0.02b  

C. edulis DCM 230 ± 0.05c  

Gallic acid 130 ± 0.03a 

Results are expressed as mean ± SEM. Means with the identical superscript are not statistically 
different at p > 0.05 by one way ANOVA followed by Tukey’s post hoc test. 

Fig. 6. In vitro hydroxyl radical scavenging activity of stem bark extracts of P. capensis. Bars with different lowercase are statistically significant (p 
< 0.05). Within the same concentration, bars with asterisk (*) are not statistically significantly (p > 0.05) by one way ANOVA followed by Tukey’s 
post hoc test. 
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4.4.1. Total protein content antioxidant enzyme activities of P. capensis and C. edulis extracts 
In the present study, C. edulis and P. capensis extracts exhibited varying protein contents as shown in Table 7. The total protein 

content in the leaf extract of C. edulis extract was statistically higher compared to that of the P. capensis extract (p < 0.05). Additionally, 
the catalase activity of C. edulis extract was significantly higher compared to that of P. capensis extract (p < 0.05), whereby the leaf 
extract of C. edulis had catalase activity of 26.66 unit/m proteins, whereas that of the stem bark extract of P. capensis had catalase 
activity of 49.36 unit/mg proteins (Table 7). 

On other hand, a significant difference was observed in superoxide dismutase activities between C. edulis and P. capensis extracts (p 
< 0.05; Table 7). As shown in Table 7, the leaf extract of C. edulis had SOD activity of 7.89 ± 0.87 unit/mg protein whereas that stem 
bark extract of P. capensis had SOD activity of 12.72 unit/mg protein. As depicted in Table 7, the leaf extract of C. edulis had a 
glutathione reductase activity of 0.17 unit/mg protein, whereas the stem bark extract of P. capensis exhibited a glutathione activity of 
0.45 mg/ml. 

4.5. Identification of phytocompounds in aqueous, EtOAC and DCM extracts of C. edulis and P. capensis 

LC-MS and GC-MS analyses of aqueous, EtOAc and DCM extracts of C. edulis and P. capensis revealed presence of phytoactive 
compounds that have been associated with antioxidant and radical scavenging activities (Tables 8–13). LC-MS spectra for aqueous 
extracts of C. edulis and P. capensis are shown in Figs. 9 and 10 whereas GC MS spectra of ethylacetate and dichloromethane extracts are 
illustrated in Figs. 11–14. 

Table 4 
The concentrations of P. capensis extracts needed to inhibit 50% of the radical  

Radical Formed Sample IC50 (μg/ml) 

Hydroxyl radical P. capensis Aqueous 320 ± 0.19c  

P. capensis EtoAc 200 ± 0.21b  

P. capensis DCM 210 ± 0.20b  

Gallic acid 130 ± 0.03a 

Results are expressed as mean ± SEM. Means with the identical superscript are not statistically sig
nificant at p > 0.05 by one way ANOVA followed by Tukey’s post hoc test. 

Fig. 7. In vitro DPPH scavenging activity of leaf extract of C. edulis. Bars with different lowercase are statistically significant (p < 0.05). Within the 
same concentration, bars with asterisk (*) are not statistically significantly (p > 0.05) by one way ANOVA followed by Tukey’s post hoc test. 

Table 5 
The concentrations of C. edulis extracts needed to inhibit 50% of the radical  

Radical Formed Sample IC50 (μg/ml) 

DPPH radical C. edulis Aqueous 430 ± 0.16b  

C. edulis EtoAc 220 ± 0.06a  

C. edulis DCM 230 ± 0.20a  

Ascorbic acid 200 ± 0.01a 

Results are expressed as mean ± SEM. Means with the identical superscript are not statistically 
significant at p > 0.05 by one way ANOVA followed by Tukey’s post hoc test. 
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Fig. 8. In vitro DPPH scavenging activity of stem bark extracts P. capensis. Bars with different lowercase are statistically significant (p < 0.05). 
Within the same concentration, bars with asterisk (*) are not statistically significantly (p > 0.05) by one way ANOVA followed by Tukey’s post 
hoc test. 

Table 6 
The concentrations of P. capensis extracts needed to inhibit 50% of the radical  

Radical Formed Sample IC50 (μg/ml) 

DPPH radical P. capensis Aqueous 460 ± 0.16c  

P. capensis EtoAc 430 ± 0.06b  

P. capensis DCM 430 ± 0.02b  

Ascorbic acid 200 ± 0.01a 

Results are expressed as mean ± SEM. Means with the identical superscript are not statistically sig
nificant at p > 0.05 by one way ANOVA followed by Tukey’s post hoc test. 

Table 7 
Total protein estimation and enzymatic activities of C. edulis and P. capensis extracts.  

Plant Total Protein Estimation 
(mg/ml) 

Catalase Activity (Unit/mg 
Protein) 

Superoxide Dismutase (SOD) Activity 
(Unit/mg protein) 

Glutathione Reductase Activity (Unit/ 
mg protein) 

C. edulis 0.80 ± 0.02a 26.66 ± 0.22a 1.81 ± 0.87a 0.17 ± 0.03a 

P. capensis 0.41 ± 0.10b 49.36 ± 0.03b 3.28 ± 0.13b 0.45 ± 0.04b 

Results are expressed as mean ± SEM. Means with the same superscript along the column are not significant at p > 0.05 by one way ANOVA followed 
by Tukey’s post hoc test. 

Table 8 
LMCS analysis of quantitative phytochemical composition of aqueous leaf extract of C. edulis  

Retention Time (min) Compound Name Conc. (μg/mg) % Abundance 

1.31 Catechin 0.007 0.34 
1.44 Epichatechin 0.066 3.18 
1.54 4-hydroxycinnamonic acid 0.006 0.29 
1.58 Citric acid 0.120 5.78 
2.04 P-coumaric acid 0.012 0.58 
4.94 Rutin 0.006 0.29 
6.28 Dicaffeoylquinic acid 0.113 5.44 
6.53 Quercetin-3-O-glycosyl-xyloside 0.100 4.8 
9.13 Quercetin-3-O-Rhamnoside 0.024 1.16 
9.39 Apigenin 0.071 3.42 
9.42 Luteolin 0.091 4.38 
9.48 Quercetin 0.002 0.1  
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5. Discussion 

The human body ensures a cellular redox state by maintaining a balance between free radical formation and elimination. However, 
an imbalance that favors pro-oxidant production results in oxidative stress, which is pivotal in progression of chronic ailments. An
tioxidants have the ability to react with and eliminate oxidizing free radicals, which inhibit cellular damage [24]. Synthetic antiox
idants can improve the capacity to ameliorate oxidative stress in the human body. However, their applications are limited by adverse 
effects and relatively prohibitive costs. Therefore, studies are being undertaken aimed at assessing the efficacies and safety of naturally 

Table 9 
LCMS analysis of quantitative phytochemical composition of aqueous stem bark extract of P. capensis  

Retention Time (min) Compound Name Conc. μg/mg) % Abundance 

1.30 Catechin 0.021 5.95 
1.40 Epichatechin 0.020 5.67 
1.51 4-hydroxycinnamonic acid 0.014 4.00 
1.69 Quercetin 0.038 10.76 
4.70 Rutin 0.093 26.03 
8.61 Quercetin-3-O-rhamnoside 0.038 10.76     

9.14 Kaempferol 0.005 1.42 
9.33 Lutelion 0.014 4.00 
9.45 Apigenin 0.011 3.12 
9.57 Ellagic acid 0.001 0.28 
20.18 P-coumaric acid 0.098 27.76  

Table 10 
GCMS analysis of quantitative Phytochemical Profiles of the EtOAc Extracts of C. edulis  

Retention Time (min) Compound Name Conc. (μg/mg) % Abundance 

0.44 Stigmasterol 0.44 1.56 
7.36 Limonene 0.1 0.35 
16.85 Menthol 0.2 0.71 
21.82 Tetradecanoic acid 0.07 0.25 
23.71 Hexadecanoic acid orpalmitic acid 2.66 9.43 
25.14 Phytol 0.46 1.63 
25.38 Oleic acid 1.15 4.08 
25.61 Octadecanoic acid or stearic acid 0.92 3.26 
31.07 Squalene 4.0 14.10 
33.56 β-Tocopherol 0.15 0.53 
35.56 α-Tocopherol 2.97 10.53 
36.81 Campesterol 0.68 2.41 
38.74 β –Sitosterol 3.23 11.46 
39.33 α-Amyrin 1.5 5.43 
40.61 β-Amyrin 9.14 32.10  

Table 11 
GCMS analysis of quantitative phytochemical composition of the EtOAc Extract of P. capensis  

Retention Time (min) Compound Name Conc. (μg/mg) % Abundance 

12.87 p-Cymene 0.2 0.38 
13.75 Camphor 0.1 0.19 
17.17 Copaene 0.44 0.84 
22.45 Phytol 0.6 1.15 
23.79 Hexadecanoic acid or palmitic acid 21.54 41.4 
24.26 Oleic acid 0.70 1.35 
25.42 6-Octadecanoic acid 11.66 22.40 
25.58 Octadecanoic acid or stearic acid 3.70 7.11 
33.54 β-Tocopherol 0.27 0.52 
34.89 γ –Tocopherol 0.25 0.48 
35.02 α-Tocopherol 0.80 1.53 
36.80 Campesterol 0.40 0.77 
37.46 Stigmasterol 2.00 0.38 
38.73 Stigmast-7-en-3-ol 1.96 3.77 
39.53 β-Amyrin 1.7 3,27 
39.37 α-Amyrin 0.38 0.73 
41.90 Stigmast-4-en-3-one 0.42 0.81 
45.94 Betulin 0.61 1.17  
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occurring plant-based antioxidant compounds [25]In this study, it was established that C. edulis and P. capensis extracts have 
remarkable in vitro antioxidant activities. 

In vitro assays of the extracts were assessed through ferric reducing activity (FRAP), iron chelating capacity, hydroxyl and DPPH 
radical scavenging activities. Moreover, the enzymatic activities of catalase, glutathione reductases and SOD were assessed. It was 
established that DPPH and hydroxyl radical scavenging activities, FRAP and chelation effects of C. edulis and P. capensis extracts were 
concentration dependent. This could be attributed to increasing concentrations of phytocompounds with antioxidants activities in the 
extracts. The findings are in tandem with those demonstrated by Adebiyi et al. [26], whereby ethanol stem and leaf extracts of Grewia 
carpinifolia showed concentration-dependent ferric reducing activities of. Iron chelating activities of organic extracts of Pandanus 
pygmaeus were also shown to occur in a similar manner [27]. Concentration-depedent DPPH radical scavenging and FRAP activities of 
Vernonia lasiopus have also been reported by Guchu et al. [28]. 

With regards to free radical scavenging activities, IC50 values for majority of C. edulis and P. capensis extracts were found to be 
between 101 and 150 μg/ml, thereby implying radical scavenging activities [29]. Nevertheless, there were variations in antioxidant 
activities of the plants extracts, whereby the leaf extracts of C. edulis had more pronounced antioxidant activities, compared to stem 
bark extracts of P. capensis. Perhaps this could be because of the complex compositions and synergistic interactions of individual 
phytocompounds present in each extract [30]. 

Antioxidants exert their function through diverse mechanisms viz. reducing power, chelating transition metal, radical scavenging 
activities, and disintegrating radicals [31]. Reducing effects of C. edulis and P. capensis extracts were evaluated using FRAP assay. This 
was done by directly determining the abilities of the extracts to reduce ferric to ferrous ion (FRAP), accompanied by the formation of an 
intense blue-coloured Fe2+ (Perl’s Prussian blue ferric ferrocyanide) [32]. Reduction of ferric ions occurs through donation of electron 
or hydrogen atoms [33]. Therefore, the reducing property of C. edulis and P. capensis extracts suggests presence of reductants, which 
facilitated interruptions of the radical chain. The FRAP assay is significant because in biological systems, antioxidants with reducing 
powers are able to neutralize lipid peroxyl radicals, thereby converting the radicals into stable molecules [24,34]. 

Table 12 
GCMS analysis of quantitative Phytochemical Composition of the DCM Extract of C. edulis  

Retention Time (min) Compound Name Conc. 
μg/mg 

% Abundance 

17.17 Copaene 0.1 0.12 
17.78 Caryophyllene 0.1 0.12 
23.75 Hexadecanoic acid or palmitic acid 10.3 18.74 
25.13 Phytol 2.1 3.82 
25.40 Oleic acid 6.6 12.00 
31.08 Squalene 9.9 18.01 
33.55 β-Tocopherol 0.7 1.27 
33.75 γ –Tocopherol 0.4 0.73 
35.05 α-Tocopherol 9.6 17.46 
36.81 Campesterol 1.5 2.73 
37.46 Stigmasterol 1.0 1.81 
38.77 Stigmast-8(14)-en-3.beta.-ol 6.5 11.82 
39.35 α-Amyrin 0.9 1.75 
39.57 β-Amyrin 7.00 12.73 
40.66 Taraxasterol 12.7 23.01 
45.97 Betulin 0.6 1.09  

Table 13 
GCMS analysis of quantitative Phytochemical Composition of the DCM Extract of P. capensis  

Retention Time (min) Compound Name Conc. 
μg/mg 

% Abundance 

13.77 Bornanone or camphor 0.10 0.10 
17.16 A-copaene 0.25 0.25 
22.45 Phytol 1.85 1.85 
23.91 Hexadecanoic acid 42.9 42.48 
25.01 6-0ctadecenoic acid 31.97 31.65 
25.64 Octadecanoic acid or stearic acid 6.16 6.10 
31.07 Squalene 2.09 2.07 
33.55 ὃ-Tocopherol 1.65 1.63 
35.05 α-Tocopherol 1.22 1.20 
36.84 Campesterol 0.39 0.39 
37.54 Stigmasterol 1.31 1.30 
38.58 β-Sitosterol 0.21 0.21 
39.62 β-Amyrin 4.65 4.60 
40.70 А-Amyrin 5.09 0.50 
41.93 Stigmast-4-en-3-one 1.71 1.69 
46.01 Betulin 0.42 0.42  
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Extracts of C. edulis and P. capensis extracts managed to chelate ferrous ions, as shown by the reduction in the red-coloured Fe2+- 
ferrozin complex, suggesting that the compounds captured the ferrous ions before ferrozine. Excess Fe2+ ions accelerate ROS for
mation, leading to cellular injury. Mechanistically, through Fenton chemistry, Fe2+ reacts with H2O2 to generate hydroxyl radicals 
[34]. In addition, Fe2+ accelerates formation of alkoyl and peroxy radicals. Therefore, by binding metal ions, effective iron chelators 
stabilize transition metals, thereby inhibiting lipid peroxidation and the subsequent iron-mediated oxidative stress [35]. 

Radical quenching abilities of C. edulis and P. capensis were assessed by evaluating their effects on hydroxyl and DPPH radicals. The 
scavenging capacity of extracts towards hydroxyl radicals was based on degradation of D-ribose by hydroxyl radicals in a Fenton 
reaction. Scavenging activities were indicated by a decrease of the pink chromogen [4]. Hydroxyl radicals, which are the most reactive 
reduced forms of dioxygen, are directly implicated in irreversible DNA damage. They oxidize guanosine to 8-hydroxyl-2-deoxyguano
sine, which modifies DNA, leading to carcinogenesis [36]. Moreover, they cause damage to lipids and proteins, resulting in oxidative 
stress-related diseases, including cancer [4]. 

As a proof that the plant extracts can scavenge different free radicals in various systems, C. edulis and P. capensis extracts caused 
neutralization of DPPH radicals that are stoichiometrically associated with the presence of proton radical scavengers. DPPH, a stable 
radical, accepts hydrogen atoms or electrons to form a diamagnetic molecule [17]. The reaction is accompanied by a colour change, 
from deep violet to yellow. Therefore, it can be postulated that the C. edulis and P. capensis extracts exerted their DPPH scavenging 
effects by reducing the DPPH radical to the corresponding hydrazine compound, perhaps by their hydrogen donating abilities. In 
biological systems, compounds with DPPH radical scavenging activities donate hydrogen atoms to the radicals, more so the hydro
peroxide and lipid peroxides radicals that are propagators of radical chain autoxidations of lipids [31]. 

Through further assessments, C. edulis and P. capensis extracts showed potent catalase, SOD and glutathione reductase activities, 
proving their ability to disintegrate and eliminate free radicals. Such antioxidant enzymes serve as intrinsic defense tools against 
oxidative damage. Catalase, a porphyrin containing enzyme, dismutases H2O2 to water and oxygen molecules [37]. H2O2 is a pro
tonated form of superoxide radical that is generated by dismutation of superoxide anions by SOD [38]. Hydrogen peroxides cause DNA 
modification by inducing strand breaks and DNA cross links. In addition, they cause the modification of pyrimidines, purines and 
deoxyribose [39]. In Fenton reactions, Fe2+, ion of transition metal can donate an electron to H2O2 resulting in its decomposition, 
consequently producing hydroxyl radicals. The resultant hydroxyl radical has the ability to react with DNA, lipids and other molecular 
targets, promoting cellular damage [38]. 

Upon exposure to P. capensis and C. edulis extracts, the superoxide dismutase (SOD) activities were demonstrated by a reduction in 

Fig. 9. LC-MS chromatogram of aqueous leaf extract of C. edulis. Retention times of compounds are shown above peaks.  
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blue coloured formazan, which was due to inhibition of nitroblue tetrazolium (NBT). The enzyme catalyzes the breakdown of su
peroxide radicals to H2O2 and oxygen. During aerobic metabolism, superoxide radicals are constantly produced and are incapable of 
directly inducing DNA damage. However, superoxide anions can generate hydroxyl radicals that mediate DNA damage [40]. In their 
prooxidative states, ions of transition metals can catalyze the formation of DNA oxidants, resulting in further DNA damage. In addition, 
superoxide acts on lipid membranes, initiating the release of lipid radicals that result in membrane lipid peroxidation [40,41]. 
Therefore, SOD plays a role in cellular antioxidant defense systems. 

Glutathione activities of C. edulis and P. capensis extracts were indicated by a decrease in absorbance, a reflection of reduction of 
GSSG during coupled with NADPH oxidation by GR in the extracts [10]. Glutathione reductase (GR), a ubiquitous enzyme, maintains a 
pool of reduced cellular glutathione, a non-enzymatic antioxidant, through the glutathione redox cycle. In addition, GSH maintainsis 
involved redox homeostasis thereby, protecting cells from toxicity of xenobiotic electrophiles and oxidative damage by reacting with 
organic peroxides and free radicals. 

Preceding research has reported antioxidant enzymatic activities of plants have. For instance, a Kumar et al. [10] reported sig
nificant SOD activities in Acacia catechu, Cinnamomum cassia and Citrus limon extracts, whereas Shams et al. [11] demonstrated that 
Calamintha officinalis, an aromatic herb, had SOD activities. Kumar et al. [10] reported catalase activities of C. fistula, A. catechu, 
C. cassia and C. limon extracts. A study on antioxidant and free radical scavenging capacities reported specific catalase activities of 
Caralluma flava extract [42]. Furthermore, Rajan and Pushpa [12] reported high glutathione reductase activities in methanol leaf and 
seed extracts of Momordica charantia and Syzygium cumini. Additionally, assessment of GR activities revealed that they were signifi
cantly high in C. fistula and C. limon extracts [10]. 

The antioxidant activities of C. edulis and P. capensis extracts can be ascribed to a repertoire of secondary metabolites present in the 
extracts. Flavonoids including apigenin, quercetin, rutin, lutelion, catechin and kaempferol were found present in C. edulis and 
P. capensis extracts. Flavonoids have been reported to have antioxidant properties. In vitro iron (II) chelating activities of bark and fruit 
extracts of Tetrapleura tetraptera were largely associated with the presence of quercetin and apigenin, which have dihydroxyl groups 
that donate electrons to ferrous ions thereby, stabilizing Fe2+ [43]. Moreover, the DPPH radical scavenging activities of quercetin, 
catechin, kaempferol, lutelion, catechin and rutin in Lepidium sativum and Raphanus sativus have been reported. These studies 
concluded that the effects of flavonoids on DPPH radicals were due to their proton donating abilities [44,45]. Lalhminghlui et al. [46] 
elucidated the hydroxyl radical scavenging activities of flavonoids, including catechins which are attributed to their proton donating 
abilities. 

Fig. 10. LC-MS chromatogram of aqueous stem bark extract of P. capensis. Retention times of compounds are shown above peaks.  
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Fig. 11. GC-MS chromatogram of ethylacetate leaf extract of C. edulis. Retention times of compounds are shown above peaks.  

Fig. 12. GC-MS chromatogram of ethylacetate stem bark extract of P. capensis. Retention times of compounds are shown above peaks.  
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Fig. 13. GC-MS chromatogram of dichloromethane leaf extract of C. edulis. Retention times of compounds are shown above peaks.  

Fig. 14. GC-MS chromatogram dichloromethane stem bark extract of P. capensis. Retention times of compounds are shown above peaks.  
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Terpenes, including squalene, phytol, α and β amyrin may also be associated with the observed antioxidant activities of C. edulis and 
P. capensis extracts. Amarowicz [47] reported that squalene had DPPH radical scavenging activities, which was attributed to its ability 
to donate hydrogens or electrons. In addition, its hydrogen donating capacity has been demonstrated in generation of GSH from its 
oxidized form, GSSG. 

With regards to phytol, Santos et al. [48] reported scavenging activities of phytol for hydroxyl radicals as well as nitric oxide. Phytol 
has a high scavenging capacity for ABTS and DPPH radicals, which are attributed to its hydrogen-atom donating ability. Similarly, α 
and β amyrin are associated with antioxidant activities. For example, α and β amyrin isolated from dichloromethane extracts of 
Myricianthes pungens donated protons to DPPH radicals, thereby neutralizing them [49]. 

Limonene may also have been involved in the antioxidant activities of C. edulis extracts [50]. Limonene exerts its free radical 
scavenging activities by donating hydrogen or electrons, thereby breaking radical chain reactions [50,51]. Moreover, limonene en
hances SOD and catalase expression [52]. In rat models, limonene upregulated glutathione S-transferase and induced the activities of 
glutathione peroxidase in the oesophagus [51]. This may have been attributed to limonene-mediated increase in expressions of genes 
encoding SOD and CAT enzymes [53] Research on antioxidant activities of Mentha piperita extracts revealed the main compound was 
menthol, which conferred hydrogen donating abilities to the extract [54]. 

This study postulates that tocopherols contributed to the antioxidant activities of C. edulis and P. capensis extracts. Vitamin E exerts 
inhibits lipid peroxidation chains by intercepting peroxyl radicals (LOO.) by donating a hydrogen atom [55]. Upon hydrogen atom 
donation, the compound becomes unreactive since the unpaired electron on the oxygen is primarily delocalized into the aromatic 
structure, increasing its stability. Still, it can further be oxidized into α-tocopheryl quinine [56]. 

Phytosterols, including β-sitosterol, may also have been involved in the antioxidant activities of C. edulis and P. capensis extracts. As 
a modest ROS scavenger, β-sitosterol was shown to reverse glutathione/reduced glutathione ratio impairment in Phorbolmyristate 
acetate stimulated RAW 264.7 macrophages cells [57]. This effect was correlated with increased glutathione peroxidase and man
ganese SOD activities. In addition, Manish et al. [58] validated the antioxidant potential of β-sitosterol based on their in vitro expe
riemental study of Eulophiaochreta and Eulophiaherbacea. This compound has reducing properties and DPPH free radical scavenging 
activities whereby it readily donates protons to radicals. Stigmasterol from B. monosperma enhanced the activities of SOD, catalase and 
glutathione and suppressed hepatic lipid peroxidation, suggesting that it exerts its effect by upregulating the expression levels of 
enzymatic antioxidants [53,59]. 

6. Conclusion 

In this study it was established that the extracts of C. edulis and P. capensis antioxidant activities. The activities are attributable to 
presence of phytocompounds, which have the ability to donate hydrogen atoms or electrons, thereby quenching the radicals. 
Furthermore, the phytocompounds are associated with increased expression levels of enzymatic antioxidants. From the findings, 
antioxidant properties of C. edulis and P. capensis extracts could be one of the underlying mechanisms of their therapeutic activities. 
Nevertheless, there is a need for further purification and characterization of phytochemicals associated with anticancer and antiox
idant activities. 

Author contribution statement 

Carolyn Wanjira Muruthi: Conceived and designed the experiments; Performed the experiments; Analyzed and interpreted the 
data; Wrote the paper. 

Mathew Piero Ngugi: Analyzed and interpreted the data. 
Steven Runo, Peter Mwitari: Contributed reagents, materials and analysis tools. 

Funding statement 

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors. 

Data availability statement 

Data will be made available on request. 

Declaration of interest’s statement 

The authors declare no competing interests. 

References 

[1] N. Saeed, M. Khan, M. Shabbir, Antioxidant activity, total phenolic and total flavonoid contents of whole plant extracts Torilis leptophylla L, BMC Compl. 
Alternative Med. 16 (12) (2012) 221, https://doi.org/10.1186/1472-6882-12-221. 

[2] S. Singh, B. Sharma, S. Kanwar, A. Kumar, Lead phytochemicals for anticancer drug development, Front. Plant Sci. 7 (2016) 1667. 
[3] S. Reuter, S.C. Gupta, M.M. Chaturvedi, B.B. Aggarwal, Oxidative stress, inflammation, and cancer: how are they linked? Free Radic. Biol. Med. 49 (2010) 

1603–1616. 

C.W. Muruthi et al.                                                                                                                                                                                                    

https://doi.org/10.1186/1472-6882-12-221
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref2
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref3
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref3


Heliyon 9 (2023) e12965

18

[4] M. Rahman, B. Islam, M. Biswas, M. Alam, In vitro antioxidant and free radical scavenging activity of different parts of tabebuia pallida growing in Bangladesh, 
BMC Res. Notes 8 (2015) 621. 

[5] H. Yang, R. Villani, H. Wang, J. Simpson, S. Roberts, M. Tang, X. Liang, The role of cellular reactive oxygen species in cancer chemotherapy, J. Exp. Clin. Cancer 
Res. 37 (2018) 266. 

[6] G. Pizzino, N. Irrera, M. Cucinotta, G. Pallio, F. Mannino, V. Arcoraci, A. Bitto, Oxidative stress: harms and benefits for human health, Oxid. Med. Cell. Longev. 
(2017) 1–10, 2017. 

[7] B. Poljsak, Strategies for reducing or preventing the generation of oxidative stress, Oxid. Med. Cell. Longev. (2011) 15, 2011. 
[8] A.S. Ravipati, L. Zhang, S.R. Koyyalamudi, S.C. Jeong, N. Reddy, J. Bartlett, B. Vysetti, Antioxidant and anti-inflammatory activities of selected Chinese 

medicinal plants and their relation with antioxidant content, BMC Compl. Alternative Med. 12 (1) (2012) 1192. 
[9] J. Zhou, Q. Yang, X. Zhu, T. Lin, D. Hao, J. Xu Id, Antioxidant activities of Clerodendrum cyrtophyllum Turcz leaf extracts and their major components, PLoS One 

15 (6) (2020), e0234435. 
[10] U. Kumar, M. Mishra, V. Prakash, Assessment of antioxidant enzymes and free radical scavenging activity of selected medicinal plants, Free Radic. Antioxidants 

2 (2012) 58–63. 
[11] F. Shams Moattar, R. Sariri, P. Yaghmaee, M. Giahi, Enzymatic and non-enzymatic antioxidants of Calamintha officinalis moench extracts, J. Appl. Biotechnol. 

Rep. 3 (2016). 
[12] S. Rajan, D.A. Pushpa, In vitro evaluation of enzymic antioxidants in the seed and leaf samples of Syzygium cumini and Momordica charantia, Int. J. Scient. Res. 

Pub. 5 (12) (2014) 476. 
[13] S.A. Mng’omba, E.S. du Toit, F.K. Akinnifesi, H.M. Venter, Repeated exposure of jacket plum (Pappea capensis) micro-cuttings to indole-3-butyric acid (IBA) 

improved in vitro rooting capacity, South Afr. J. Bot. 73 (2) (2007) 230–235. 
[14] A. Fatima, P. Singh, P. Agarwal, R. Irchhaiya, S. Alok, A. Verma, Treatment of various diseases by Carissa spinarum L. - a promising shrub, Int. J. Pharma Sci. Res. 

4 (7) (2013) 2489–2495, https://doi.org/10.13040/IJPSR.0975-8232.4(7).2489-95. 
[15] A. Yadang, G. Sotoing, S. Ngatcha, A. Khan, A. Agbor, N. Ur-Rahman, E. Ngo, Quantification of bioactive compounds and evaluation of the antioxidant activity 

of Carissa edulis valh (Apocynaceae) leaves, Sci. World J. (2019) 1–9, 2019. 
[16] K. Verma, D. Shrivastava, G. Kumar, Antioxidant Activity and DNA Damage Inhibition In Vitro by a Methanolic Extract of Carissa carandas (Apocynaceae) 

Leaves 9, 2018, pp. 34–40, https://doi.org/10.1016/J.JTUSCI.2014.07.001, 1. 
[17] S. Ghagane, B. Puranik, B. Nerli, S.C. Hiremath, Evaluation of in Vitro Antioxidant and Anticancer Activity of Allophylus Cobbe Leaf Extracts on DU-145 and PC- 

3 Human Prostate Cancer Cell Lines, 2016, https://doi.org/10.1007/s10616-016-0048-1. 
[18] M. Deepa, T. Sureshkumar, P. Satheeshkumar, S. Priya, Antioxidant rich Morus alba leaf extract induces apoptosis in human colon and breast cancer cells by the 

downregulation of nitric oxide produced by inducible nitric oxide synthase, Nutr. Cancer 65 (2) (2013) 305–310, https://doi.org/10.1080/ 
01635581.2013.748924. PMID: 23441618. 

[19] M. El Jemli, R. Kamal, I. Marmouzi, A. Zerrouki, Y. Cherrah, K. Alaoui, Radical-Scavenging Activity and Ferric Reducing Ability of Juniperus Thurifera (L.), J. 
Oxycedrus (L.), J. Phoenicea (L.) and Tetraclinis Articulata (L.), Advances in Pharmacological Sciences, 2016, https://doi.org/10.1155/2016/6392656, 2016. 

[20] F. Sahin, M. Gulluce, D. Daferera, A. Sokmen, M. Sokmen, M. Polissiou, G. Agar, H. Ozer, Biological activities of the essential oils and methanol extracts of 
Origanum vulgare ssp. vulgare in the eastern anatolia region of Turkey, Food Control 15 (2004) 549–557. 

[21] J. Adjimani, P. Asare, Antioxidant and free radical scavenging activity of iron chelators, Toxicol Rep 2 (2015) 721–728, https://doi.org/10.1016/j. 
toxrep.2015.04.005. 

[22] S. Sarkar, M. Mondal, P. Ghosh, M. Saha, S. Chatterjee, Quantification of total protein content from some traditionally used edible plant leaves: a comparative 
study, J. Med. Plants Stud. 8 (4) (2020) 166–170, https://doi.org/10.22271/plants.2020.v8.i4c.1164. 

[23] P. Sharma, R. Bhardwaj, N. Arora, H.K. Arora, Effect of 28-homobrassinolide on growth , zinc metal uptake and antioxidative enzyme activities in Brassica 
juncea L . seedlings, Braz. J. Plant Physiol. 19 (3) (2007) 203–210. 

[24] S. Adusei, J.K. Otchere, P. Oteng, R.Q. Mensah, E. Tei-Mensah, Phytochemical analysis, antioxidant and metal chelating capacity of Tetrapleura tetraptera, 
Heliyon 5 (11) (2019), e02762, https://doi.org/10.1016/j.heliyon.2019.e02762. 

[25] S.B. Nimse, D. Pal, Free radicals, natural antioxidants, and their reaction mechanisms, RSC Adv. 5 (35) (2015) 27986–28006, https://doi.org/10.1039/ 
c4ra13315c. 

[26] O.E. Adebiyi, F.O. Olayemi, T. Ning-Hua, Z. Guang-Zhi, In vitro antioxidant activity, total phenolic and flavonoid contents of ethanol extract of stem and leaf of 
Grewia carpinifolia, Beni-Suef Univ. J. Basic Appl. Sci. 6 (1) (2017) 10–14, https://doi.org/10.1016/j.bjbas.2016.12.003. 

[27] M. Yusof, H. Hasan, A. Armayni, M. Sharil, B. Ahmad, A. Wahab, The ferrous ion chelating assay of Pandanus extracts, Open Conf. Proc. J. 4 (2013) 155–157. 
[28] B. Guchu, A.K.O. Machocho, S.K. Mwihia, M.P. Ngugi, in: Vitro Antioxidant Activities of Methanolic Extracts of Caesalpinia volkensii Harms., Vernonia lasiopus 

O. Hoffm., and Acacia hockii de Wild. Evidence-Based Complementary and Alternative Medicine, 2020, https://doi.org/10.1155/2020/3586268, 2020. 
[29] S. Fidrianny, R. Ramadhani, R. Komar, In vitro antioxidant capacities of three organs of bitter gourd (Momordica charantia L.) form west java-Indonesia using 

DPPH and FRAP assays, Int. J. Pharmacog. Phytochem. Res. 5 (2015) 1034–1041. 
[30] G. Zengin, G.O. Guler, A. Aktumsek, R. Ceylan, C.M.N. Picot, M.F. Mahomoodally, Enzyme inhibitory properties, antioxidant activities, and phytochemical 

profile of three medicinal plants from Turkey, Adv. Pharmacol. Sci. (2015), https://doi.org/10.1155/2015/410675, 2015. 
[31] Z. Huyut, Ş. Beydemir, I. Gülçin, Antioxidant and antiradical properties of selected flavonoids and phenolic compounds, Biochem. Res. Int. (2017), https://doi. 

org/10.1155/2017/7616791, 2017. 
[32] A.M. O’Sullivan, Y.C. O’Callaghan, M.N. O’Grady, B. Queguineur, D. Hanniffy, D.J. Troy, N.M. O’Brien, et al., In vitro and cellular antioxidant activities of 

seaweed extracts prepared from five brown seaweeds harvested in spring from the west coast of Ireland, Food Chem. 126 (3) (2011) 1064–1070, https://doi. 
org/10.1016/j.foodchem.2010.11.127. 

[33] N. Loganayaki, P. Siddhuraju, S. Manian, Antioxidant activity and free radical scavenging capacity of phenolic extracts from Helicteres isora L. and Ceiba 
pentandra L, J. Food Sci. Technol. 50 (4) (2013) 687, https://doi.org/10.1007/S13197-011-0389-X. 

[34] J.M. Lü, P.H. Lin, Q. Yao, C. Chen, Chemical and molecular mechanisms of antioxidants: experimental approaches and model systems, J. Cell Mol. Med. 14 (4) 
(2010) 840–860, https://doi.org/10.1111/j.1582-4934.2009.00897.x. 

[35] T.T. Chai, M. Mohan, H.C. Ong, F.C. Wong, Antioxidant, iron-chelating and anti-glucosidase activities of Typha domingensis pers (typhaceae), Trop. J. 
Pharmaceut. Res. 13 (1) (2014) 67–72, https://doi.org/10.4314/tjpr.v13i1.10. 

[36] J. Olugbami, M. Gbadegesin, O. Odunola, In vitro free radical scavenging and antioxidant properties of ethanol extract of Terminalia glaucescens, Pharmacogn. 
Res. 7 (1) (2015) 49–56, https://doi.org/10.4103/0974-8490.147200. 

[37] D.E. Heck, M. Shakarjian, H.D. Kim, J.D. Laskin, A.M. Vetrano, Mechanisms of oxidant generation by catalase, Ann. N. Y. Acad. Sci. 1203 (2010) 120–125, 
https://doi.org/10.1111/j.1749-6632.2010.05603.x. 

[38] T. Mahaseth, A. Kuzminov, Potentiation of hydrogen peroxide toxicity: from catalase inhibition to stable DNA-iron complexes, Mutat. Res. Rev. Mutat. Res. 773 
(2017) 274–281, https://doi.org/10.1016/j.mrrev.2016.08.006. 

[39] G. Vilema-Enríquez, A. Arroyo, M. Grijalva, R.I. Amador-Zafra, J. Camacho, Molecular and cellular effects of hydrogen peroxide on human lung cancer cells: 
potential therapeutic implications, Oxid. Med. Cell. Longev. (2016), https://doi.org/10.1155/2016/1908164, 2016. 

[40] O.M. Ighodaro, O.A. Akinloye, First line defence antioxidants-superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX): their fundamental 
role in the entire antioxidant defence grid, Alexandria J. Med. 54 (4) (2018) 287–293, https://doi.org/10.1016/j.ajme.2017.09.001. 

[41] K. Bhat, S. Dar, T. Anees, Oxidative stress, mitochondrial dysfunction and neurodegenerative diseases; A mechanistic insight, Biomed. Pharmacother. 74 (2015) 
101–110. 

[42] K. Karthishwaran, S. Al Shamisi, S.S. Kurup, S. Sakkir, A.J. Cheruth, Free-radical-scavenging and antioxidant capacities with special emphasis on enzyme 
activities and in vitro studies in Caralluma flava N, Biotechnol. Biotechnol. Equip. 32 (1) (2018) 156–162, https://doi.org/10.1080/13102818.2017.1379362. 

C.W. Muruthi et al.                                                                                                                                                                                                    

http://refhub.elsevier.com/S2405-8440(23)00172-X/sref4
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref4
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref5
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref5
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref6
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref6
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref7
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref8
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref8
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref9
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref9
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref10
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref10
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref11
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref11
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref12
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref12
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref13
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref13
https://doi.org/10.13040/IJPSR.0975-8232.4(7).2489-95
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref15
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref15
https://doi.org/10.1016/J.JTUSCI.2014.07.001
https://doi.org/10.1007/s10616-016-0048-1
https://doi.org/10.1080/01635581.2013.748924
https://doi.org/10.1080/01635581.2013.748924
https://doi.org/10.1155/2016/6392656
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref20
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref20
https://doi.org/10.1016/j.toxrep.2015.04.005
https://doi.org/10.1016/j.toxrep.2015.04.005
https://doi.org/10.22271/plants.2020.v8.i4c.1164
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref23
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref23
https://doi.org/10.1016/j.heliyon.2019.e02762
https://doi.org/10.1039/c4ra13315c
https://doi.org/10.1039/c4ra13315c
https://doi.org/10.1016/j.bjbas.2016.12.003
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref27
https://doi.org/10.1155/2020/3586268
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref29
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref29
https://doi.org/10.1155/2015/410675
https://doi.org/10.1155/2017/7616791
https://doi.org/10.1155/2017/7616791
https://doi.org/10.1016/j.foodchem.2010.11.127
https://doi.org/10.1016/j.foodchem.2010.11.127
https://doi.org/10.1007/S13197-011-0389-X
https://doi.org/10.1111/j.1582-4934.2009.00897.x
https://doi.org/10.4314/tjpr.v13i1.10
https://doi.org/10.4103/0974-8490.147200
https://doi.org/10.1111/j.1749-6632.2010.05603.x
https://doi.org/10.1016/j.mrrev.2016.08.006
https://doi.org/10.1155/2016/1908164
https://doi.org/10.1016/j.ajme.2017.09.001
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref41
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref41
https://doi.org/10.1080/13102818.2017.1379362


Heliyon 9 (2023) e12965

19

[43] B.M. Moukette, C.A. Pieme, J.R. Njimou, C.P.N. Biapa, B. Marco, J.Y. Ngogang, In vitro antioxidant properties, free radicals scavenging activities of extracts and 
polyphenol composition of a non-timber forest product used as spice: Monodora myristica, Biol. Res. 48 (2015) 15. 

[44] L. De Martino, T. Mencherini, E. Mancini, R.P. Aquino, L. F. R. De Almeida, V. De Feo, In vitro phytotoxicity and antioxidant activity of selected flavonoids, Int. 
J. Mol. Sci. 13 (5) (2012) 5406, https://doi.org/10.3390/IJMS13055406. 

[45] M. Zahoor, S. Shafiq, H. Ullah, A. Sadiq, F. Ullah, Isolation of quercetin and mandelic acid from aesculus indica fruit and their biological activities, BMC Biochem. 
19 (1) (2018) 5. 

[46] K. Lalhminghlui, Ganesh, C. Jagetia, Evaluation of the Free-Radical Scavenging and Antioxidant Activities of Chilauni, Schima Wallichii Korth in Vitro, 2018, 
https://doi.org/10.4155/fsoa-2017-0086. 

[47] R. Amarowicz, Squalene: a natural antioxidant? Eur. J. Lipid Sci. Technol. 111 (2009) 411–412, https://doi.org/10.1002/ejlt.200900102. 
[48] M. Santos, M. Salvadori, V. Mota, L. Costa, G. Lopes, P. Costa, Antinoceceptive and antioxiant activities of phytol in vivo and in vitro models, Neurosci. J. 9 

(2013) 2013. 
[49] B. Cardoso, H. Line Marko de Oliveira, U. Zonta Melo, C.M. Mariano Fernandez, C. Franco de Araújo Almeida Campo, J.E. Gonçalves, Z. Cristiani Gazim, 

Antioxidant activity of α and β-amyrin isolated from Myrcianthes pungens leaves, Nat. Prod. Res. 34 (12) (2020) 1777–1781, https://doi.org/10.1080/ 
14786419.2018.1525715. 

[50] B.B. Shah, A.A. Mehta, In vitro evaluation of antioxidant activity of D-Limonene, Asian J. Pharm. Pharmacol. 4 (6) (2018) 883–887, https://doi.org/10.31024/ 
ajpp.2018.4.6.25. 

[51] D. Roberto, P. Micucci, T. Sebastian, F. Graciela, C. Anesini, Antioxidant activity of limonene on normal murine lymphocytes : relation to H2O2 modulation and 
cell proliferation, Basic Clin. Pharmacol. Toxicol. 106 (2009) 38–44, https://doi.org/10.1111/j.1742-7843.2009.00467.x. 

[52] P Erasto, A Viljoen, Limonene A Review, biosynthesis, ecological and pharmacological relevance, Nat. Prod. Commun. 3 (2008) 1193–1204. 
[53] T. Yang, X. Li, W. Zhu, C. Chen, Z. Sun, Z. Tan, J. Kang, Alteration of antioxidant enzymes and associated genes induced by grape seed extracts in the primary 

muscle cells of goats In Vitro, Plos One 9 (9) (2014), e107670, https://doi.org/10.1371/JOURNAL.PONE.0107670. 
[54] P. Kamatou, I. Vermaak, M. Viljoen, B.M. Lawrence, Menthol: a simple monoterpene with remarkable biological properties, Phytochemistry 96 (2013) 15–25. 
[55] S. Rizvi, S.T. Raza, F. Ahmed, A. Ahmad, S. Abbas, F. Mahdi, The role of Vitamin E in human health and some diseases, Sultan Qaboos Univ. Med. J. 14 (2014) 

157–165. Retrieved from/pmc/articles/PMC3997530/?report=abstract. 
[56] E. Niki, Evidence for Beneficial Effects of Vitamin E, 2015, pp. 571–579. 
[57] M. Vivancos, J.J. Moreno, β-Sitosterol modulates antioxidant enzyme response in RAW 264.7 macrophages, Free Radic. Biol. Med. 39 (1) (2005) 91–97, https:// 

doi.org/10.1016/j.freeradbiomed.2005.02.025. 
[58] P. Manisha, P. Chandrashekhar, M. Raghunath, Phytochemical investigation and validation of antioxidant potential of β-sitosterol from tubers of Eulophia 

herbacea and Eulophia ochreata, Int. J. Pharmacog. Phytochem. Res. 10 (9) (2018) 309–316, https://doi.org/10.25258/phyto.10.9.1. Available Online on Www. 
Ijppr.Com. 

[59] S. Panda, M. Jafri, A. Kar, B.K. Meheta, Thyroid inhibitory, antiperoxidative and hypoglycemic effects of stigmasterol isolated from Butea monosperma, 
Fitoterapia 80 (2) (2009) 123–126, https://doi.org/10.1016/j.fitote.2008.12.002. 

C.W. Muruthi et al.                                                                                                                                                                                                    

http://refhub.elsevier.com/S2405-8440(23)00172-X/sref43
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref43
https://doi.org/10.3390/IJMS13055406
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref45
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref45
https://doi.org/10.4155/fsoa-2017-0086
https://doi.org/10.1002/ejlt.200900102
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref48
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref48
https://doi.org/10.1080/14786419.2018.1525715
https://doi.org/10.1080/14786419.2018.1525715
https://doi.org/10.31024/ajpp.2018.4.6.25
https://doi.org/10.31024/ajpp.2018.4.6.25
https://doi.org/10.1111/j.1742-7843.2009.00467.x
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref52
https://doi.org/10.1371/JOURNAL.PONE.0107670
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref54
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref55
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref55
http://refhub.elsevier.com/S2405-8440(23)00172-X/sref56
https://doi.org/10.1016/j.freeradbiomed.2005.02.025
https://doi.org/10.1016/j.freeradbiomed.2005.02.025
https://doi.org/10.25258/phyto.10.9.1
https://doi.org/10.1016/j.fitote.2008.12.002

	In vitro antioxidant activities of Carissa edulis ((Forssk) Vahl) and Pappea capensis (Eckyl. & Zeyh) extracts
	1 Introduction
	2 Materials and methodology
	2.1 Collection and preparation of plant materials
	2.2 Extraction
	2.3 Determination of antioxidant activities
	2.3.1 Ferric reducing antioxidant power
	2.3.2 DPPH free radical scavenging activity
	2.3.3 Iron (Fe2+) chelating activity
	2.3.4 Hydroxyl radical scavenging activity

	2.4 Determination of antioxidant enzyme activity
	2.4.1 Protein estimation
	2.4.1.1 Reagents
	2.4.1.2 Procedure

	2.4.2 Catalase activity
	2.4.3 Superoxide dismutase (SOD) activity
	2.4.4 Glutathione reductase assay

	2.5 Quantitative phytochemical profile
	2.5.1 Gas chromatography mass spectrophotometry
	2.5.2 Liquid chromatography mass spectrophotometry


	3 Statistical analysis
	4 Results
	4.1 Ferric reducing antioxidant power of C. edulis and P. capensis extracts
	4.2 Metal ions chelating activities of C. edulis and P. capensis extracts
	4.3 Hydroxyl scavenging radical activities of C. edulis and P. capensis extracts
	4.4 DPPH radical scavenging activities of C. edulis and P. capensis extracts
	4.4.1 Total protein content antioxidant enzyme activities of P. capensis and C. edulis extracts

	4.5 Identification of phytocompounds in aqueous, EtOAC and DCM extracts of C. edulis and P. capensis

	5 Discussion
	6 Conclusion
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interest’s statement

	References


