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Abstract: Chasmanthera dependens is a medicinal plant with wide application in African traditional 
medicine for the management of several pathologies. We report the antioxidant properties of the 
chloroform extract of C. Dependens root (CECDR) as to auspiciously provide scientific information 
that could explain some of the reported roles of the plant in human diseases. In vitro studies assayed 
for 1, 1-diphenyl2-picrylhydrazyl (DPPH) scavenging, hydrogen peroxide scavenging, ferric 
reducing antioxidant power (FRAP), and total antioxidant capacity (TAC). DPPH radical 
scavenging activity was concentration dependent with an EC50 of 647.67 μg/mL. CECDR showed a 
positive hydrogen peroxide scavenging with EC50 of 57.78 ± 2.93 μg/mL relative to ascorbic acid 
standard (EC50: 90.06 μg/mL). The ferric reducing antioxidant power of CECDR at 15.6 μg/mL was 
21.18 ± 0.15 μg gallic acid equivalents (GAE) while that of 1000 μg/mL was 0.03 ± 0.00 μg GAE. 
CECDR at a concentration 15.6 μg/mL showed a TAC of 15.22 ± 7.81 μg ascorbic acid equivalents 
(AAE) while that of 1000 μg/mL was 0.03 ± 0.00 μg AAE. In vivo analysis of CCl4-induced wistar 
rats showed a significant increase (p < 0.05) in the concentrations of superoxide dismutase, catalase 
and glutathione peroxidase in the treated groups relative to the untreated control. In conclusion the 
observed antioxidant properties of CECDR could be attributed to its rich phytochemical repertoire. 
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1. Introduction 

In Africa, plants are used widely for the treatment of various ailments such as, malaria, diabetes, 
veneral diseases, hypertension and different infectious diseases even though little is known about 
their mode of action (Ogunlesi, et al., 2008; Shrikant et al., 2012; Monon et al., 2013). The rich 
phytochemical constituents of the extracts of these plants are believed to be largely responsible for 
their observed therapeutic effects some of which are anti-inflammatory, antioxidant and 
antiplasmodial.  

Many diseases are not unconnected to oxidative stress caused by the activities of reactive oxygen 
species such as hydroxyl free radicals, superoxide anion, hydrogen peroxide and lipid peroxyl (Vijaya 
et al., 2010). Oxidative stress leads to lipid peroxidation, protein and DNA damage and occurs when 
the body’s defence mechanism responsible for antioxidant activities is overwhelmed by free radicals 
(both endogenous and exogenous) (Chun-Weng, 2011). This has inspired diverse studies searching 
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for medicinal plants with antioxidant activities, some of which have been identified like Carissa edulis, 
Acacia ataxacantha, Cucurbita maxima, Peganum harmala and Curcuma caesia (Amoussa et al., 2015; Reenu 
et al., 2015; Kanwal et al., 2016; Fanta et al., 2019; Ozioko et al., 2020). Lateef et al. (2016) demonstrated 
the antioxidant activity of silver nanoparticles synthesized using bio resources of which Cola nitida, a 
medicinal plant was a part. 

Chasmanthera dependens known locally as “ato” by the Yoruba indigenous group of Nigeria is a 
shrub found mostly in savannah and forest margin of many Afrcan countries like Sierra Leone, 
Zimbabwe and Nigeria (Borokini and Lawal, 2014; UTPD, 2014). In Nigeria, the stem of C dependens 
together with other plants is used in the treatment of convulsions and epilepsiy, while in congo, its 
root sap is applied on wounds to stop bleeding (Mosango, 2008; Monon et al., 2013; Wahab, 2015). C. 
dependens has been shown from previous studies, to possess analgesic and anti-inflammatory 
(Onabanjo et al., 1991; Kola-Mustapha, et al., 2020), antiulcerogenic (Tijani et al., 2018), fertility-
enhancing (Quadri, & Yakubu, 2017), hepatocurative (Ogbozor and Anosike, 2020), and 
nephroprotective (Abiola et al., 2020) effects. 

However, this study seeks to evaluate the in vivo and in vitro free radical scavenging of the 
chloroform extract of Chasmanthera dependens root.  

2. Materials and Methods 

2.1. Plant Materials 

Fresh roots of Chasmanthera dependens (6 kg) were obtained from Orba Local Government Area 
of Enugu state Nigeria. Mr Ozioko Alfred a taxonomist at the Bioresources Development and 
Conservation Program Research Centre, Nsukka identified the plant roots. Voucher specimen was 
deposited in the herbarium unit of the Department of Botany, University of Nigeria, Nsukka for 
reference purposes.  

2.2. Study Animals 

Eighteen albino Wistar mice were used for the acute toxicity studies, twenty-four adult albino 
Wistar female rats weighing between 143 to 210 g for invivo antioxidant study. The rats where 
obtained from the animal unit of the Faculty of Zoology and Environmental Biology, University of 
Nigeria, Nsukka. They were acclimatized for a week under standard laboratory conditions at the 
Animal Farm of the Department of Biochemistry.  

2.3. Chemicals and Reagents 

Analytical grade chemicals were used for the study.  

2.4. Extraction Procedure 

The roots of Chasmanthera dependens plant were harvested and dried for 2 weeks under room 
temperature (25 °C to 45 °C) and was ground into powder. 

The dried roots of Chasmanthera dependens were pulverized into a coarse form using a mechanical 
grinder. Powdered sample was soaked in 50% chloroform in a 3000 mL conical flask and the top 
sealed with foil and taped to prevent evaporation. The system was shook vigorously and then 
allowed to stand for 48 h with occasional stirring. The mixture was thereafter filtered using a mesh 
and then a Whatman No. 1 filter paper. The process was repeated twice and the resulting chloroform 
filtrate concentrated using a rotary evaporator at 45 °C to obtain the crude extract. A known weight 
of the dry extract was determined, then stored in a refrigerator at 4 °C under antiseptic conditions 
until needed. 

2.5. Acute Toxicity Study of CECDR 
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Using the method described by Lorke (1983), the acute toxicity and lethality (LD50) of the 
chloroform extract of C. dependens root in mice (n = 18) was estimated. In stage one of the test, animals 
received oral administration of 10, 100 and 1000 mg/kg b.w of extract (n = 3) and observed for 24 
hours for mortality. The test proceeded to the second stage where the mice (n = 3) received 1600, 2900 
and 5000 mg/kg doses of CECDR. They were also observed for 24 h for signs of behavioural changes 
or mortality.  

LD50√Minimal dose at which death occurred × Maximal dose at which a number of death was recorded  

2.5.1. Qualitative and Quantitative Phytochemical Analysis of CECDR 

Phytochemical analysis were carried out to establish the presence of plant secondary metabolites 
in CECDR using the methods outlined by Wallis (1967), Harborne (1973), Swain (1979), Trease and 
Evans, (1983), Brunner, (1984) and Sofowora, (1986). 

2.5.2. Quantitative Diphenylpicryl Hydrazyl (DPPH) Radical Scavenging Assay 

This was determined using a slight modification of the method of Gyamfi et al. (1999). CECDR 
(1 mL) at different concentration was diluted 2-fold (1.25–160 μg/mL). Methanol (80%) was mixed 
with 0.5 mL of 0.082 mm DPPH in methanol, shaken vigorously and then allowed to stand in the 
dark for 25 min at room temperature. 1 mole of 0.076 mm of DPPH in methanol was used as the 
negative control and L-ascorbic acid as the positive control. The absorbance of the assay was 
measured at 517 nm and DPPH radical scavenging activity calculated using the equation:  

A0 – A 100 = % Scavenging activity 

A0                  1 
A0 = absorbance of control 
As = absorbance of CECDR 

2.5.3. Ferric Reducing Antioxidant Power (FRAP) Assay 

The ferric reducing power of CECDR was determined as described by Salireen et al. (2010). This 
assay is based on the reduction of Fe3+ to Fe2+ by CECDR in acidic medium (Benzie, 1996). 

2.5.4. Hydrogen Peroxide (H2O2) Assay 

The hydrogen peroxide scavenging ability of CECDR was determined according to the method 
of Ruth et al. (1989). 

2.5.5. Total Antioxidant Capacity (TAC) Assay 

The total antioxidant capacity is carried out by the phosphomolybdate assay system (Garrat 
1964) and is based on the reduction of Mo (VI) to Mo (V) by CECDR. The antioxidant capacity (TAC) 
is expressed as equivalents of ascorbic acid and calculated using the equation: 

TAC(%) =    A0 – A 100 

            A0                       1 
A0 = absorbance of control 
As = absorbance of CECDR 

2.5.6. Evaluation of Endogenous Antioxidant 

Antioxidant enzymes; superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase 
(GPx),and lipid peroxidation marker; malondialdehyde (MDA) were determined using the methods 
of Mocorel and Fridwich (1969), Barman et al. (1981), Paglia and Valentine (1967), and Satoh (1976) 
respectively from the serum.  

X 

X 
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2.6. Experimental Animals 

Twenty-four (24) Wistar albino female rats were acclamatized for 7 days and then housed in 6 
separate cages consisting of 4 rats each. A modification of the method of Karthikeyan and Deepa 
(2010) was used. The route of administration of CCl4 was by intraperitoneal injection which was given 
every seventy- two (72) hours for ten (10) days. Group 1 = Normal control (administered with normal 
saline); Group 2 = Experimental control (CCl4 induced and untreated); Group 3 = Low dose (CCl4 
administered and treated with 200 mg/kg body weight of CECDR); Group 4 = Mid-dose (CCl4 
administered and treated with 400 mg/kg body weight of CECDR); Group 5 = High dose (CCl4 
administered and treated with 600 mg/kg body weight of CECDR); Group6 = Standard control (CCl4 
administered and treated with 200 mg/kg body weight of Silymarin). 

2.7. Statistical Analysis 

Data obtained from this study was analysed using IBM Statistical Product and Service Solution 
(version 20) and the result expressed as mean ± standard deviation.  

3. Results 

3.1. Acute Toxicity and Lethality Study of CECDR 

There was no toxicity or lethality observed in the extract up to 5000 mg/kg body weight. This 
suggests that the LD50 of CECDR is above 5000 mg/kg body weight. 

3.2. Qualitative Phytochemical Analysis of Chloroform Extract of Chasmanthera dependens 

The qualitative phytochemical analysis showed an abundance of alkaloids, flavonoids, and 
steroids in followed by moderate quantities of tannins, phenolics, carbohydrates, and terpenes. 
Reducing sugar and saponins was detected in low concentration while glycoside was undetected 
(Table 1). 

Table 1. Qualitative phytochemicals of CECDR. 

Constituents Relative Abundance 
Alkaloids +++ 
Phenolics ++ 
Saponins ND 

Tanins ++ 
Carbohydrate ++ 

Flavonoids +++ 
Steroids +++ 

Glycosides ND 
Terpenoids ++ 

Reducing sugar + 
Key: +++ = phytochemical present in high concentration; ++ = Present in moderate concentration; 
+ = Present in small concentration, ND = Not detected. 

3.3. Quantitative Phytochemical Analysis of CECDR 

In the quantitative analysis of CECDR, phenolics (4907.25 ± 75.33) were found to have the highest 
concentration. It also gave a high yield of alkaloids (1975 ± 68.84), carbohydrates (449.64 ± 59.30), 
flavonoids (319.79 ± 98.93) and terpenes (674.51 ± 46.18) but reducing sugar (80.8 ± 36.1911.44) tannins 
(22.47 ± 11.44) and steroids (9.25 ± 0.14) where found in lower concentration (Table 2). 

Table 2. The quantitative phytochemical analysis of CECDR. 
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Phytochemical Constituents Bioavailability (mg) 
Phenolics 4907.25 ± 75.33 
Alkaloids 1975 ± 68.84 

Carbohydrates 449.64 ± 59.30 
Flavonoids 319.79 ± 98.93 
Terpenes 674.51 ± 46.18 

Reducing sugar 80.8 ± 36.19 
Saponins - 
Tannins 22.47 ± 11.44 
Steroids 4.55 ± 0.32 

Results from the quantitative analysis are  
expressed in means ± SD of triplicate  

determinations (n = 10)  

3.4. Effect of CECDR on DPPH Radical Scavenging Activity 

Figure 1 shows the quantitative DPPH analysis and revealed DPPH radical scavenging activity 
of CECDR. The percentage inhibition was concentration dependent with an effective concentration 
(EC50) of −646.67 μg/mL compared to the ascorbic acid standard with EC50 of −10.58 μg/mL. The 
percentage inhibition against concentration showed a statistically positive correlation (p < 0.05) (R2) 
correlation of 0.9548. n = 3. 

 

Figure 1. Percentage inhibition of DPPH radical by CECDR. 

3.5. Effect of CECDR on Hydrogen Peroxide (H2O2) 

The H2O2 scavenging activity of the chloroform extract of Chasmanthera dependens is shown in 
Figure 2 below. (Figure 2). The EC50 was found to be 58.78 ± 2.93 μg/mL.  
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Figure 2. Percentage inhibition of (H2O2) by CECDR. 

3.6. Effect of Chloroform Extract of C. dependens on Ferric Reducing Antioxidant Power (FRAP)  

The Ferric Reducing Antioxidant Power (FRAP) of CECDR was concentration dependent. 15.6 
μg/mL of CECDR showed Ferric Reducing Antioxidant Power of 21.18 ± 0.15 μg GAE while that of 
1000 μg/mL showed FRAP of 0.03 ± 0.00 μg GAE. 

Table 3. Ferric Reducing Antioxidant Power (FRAP) of CECDR. 

Concentration (µg/mL) Ferric Reducing Antioxidant Power (FRAP) (µg GAE) 
15.6 21.18 ± 0.15 
31.1 0.72 ± 0.06 
62.5 0.37 ± 0.03 
125 0.19 ± 0.01 
250 0.11 ± 0.00 
500 0.05 ± 0.00 

1000 0.03 ± 0.00 

3.7. Effect of Chloroform Extract of Chasmanthera dependens on Total Antioxidant Capacity (TAC) 

The Total Antioxidant Capacity (TAC) of the chloroform extract of C. dependens showed a 
concentration dependent antioxidant activity. The concentration 15.6 μg/mL showed a TAC of 15.22 
± 7.81 μg AAE while that of 1000 μg/mL showed TAC of 0.03 ± 0.00 μg AAE.  

Table 4. Total Antioxidant Capacity (TAC) of CECDR. 

Concentration (µg/mL) Total Antioxidant Capacity (TAC) (µg AAE) 
15.6 15.22 ± 7.81 
31.1 17.71 ± 7.35 
62.5 7.83 ± 3.70 
125 3.82 ± 0.74 
250 3.06 ± 0.33 
500 2.40 ± 0.13 

1000 1.68 ± 0.02 

3.8. Result of the Biochemical Analysis 
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The endogenous antioxidants were evaluated as shown below.  

3.8.1. Catalase (CAT) Activity of Rats Administered with CECDR 

There is a significant (p < 0.05) decrease in the mean concentration of catalase in the experimental 
control (group 2) compared with that of normal control (group 1) whereas treatment with C. 
dependens showed significant (p < 0.05) increase in the catalase activity test groups (groups 3, 4 and 
5) as well as treatment with the standard drug, silymarin in the standard control. 

3.8.2. Superoxide Dismutase (SOD) Activity of Rats Administered with CECDR 

SOD level was non-significantly (p > 0.05) reduced in the untreated group (group 2), and non-
significantly (p > 0.05) increased in the test groups (groups 3, 4, and 5), as well as the standard control 
(group 6) when compared with the normal control. 

3.8.3. Glutathione Peroxidase (GPx) Activity of Rats Administered with CECDR 

GPx activity in the untreated group showed significant (p < 0.05) decrease compared to the 
normal control, while treatment with CECDR markedly increased GPx concentration in all the test 
groups. Treatment with the standard drug, silymarin in group 6 also showed significant (p < 0.05) 
increase in the activity of GPx compared to the untreated group. 

3.8.4. Concentration of Malondialdehyde (MDA) 

The concentration of MDA was significantly (p < 0.05) increased in the untreated group 
compared to the normal control, while the treated groups (group 3 and 4) administered 200 mg/kg 
and 400 mg/kg body weight of CECDR showed significant (p < 0.05) decrease compared to the 
untreated group as well as with the group treated with standard drugs, silymarin (group 6). 

 
Figure 3. Effect of CECDR on endogenous antioxidants in CCl4-administed rats. 

Results are expressed in mean ± SD (n = 4).  
Group 1 = Normal control (administered with normal saline) 
Group 2 = Experimental control (CCl4 induced and untreated) 
Group 3 = CCl4 administered and treated with 200 mg/kg body weight of CECDR 
Group 4 = CCl4 administered and treated with 400 mg/kg body weight of CECDR 
Group 5 = CCl4 administered and treated with 600 mg/kg body weight of CECDR 
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Group 6 = Standard control (CCl4 administered and treated with 200 mg/kg body weight of 
Silymarin) 

CECDR = Chloroform extract of Chasmanthera dependens root 

 

Figure 4. Effect of CECDR on malondialdehyde concentration in CCl4-administed rats. 

Results are expressed in mean ± SD (n = 4).  
Group 1 = Normal control (administered with normal saline) 
Group 2 = Experimental control (CCl4 induced and untreated) 
Group 3 = CCl4 administered and treated with 200 mg/kg body weight of CECDR 
Group 4 = CCl4 administered and treated with 400 mg/kg body weight of CECDR 
Group 5 = CCl4 administered and treated with 600 mg/kg body weight of CECDR 
Group6 = Standard control (CCl4 administered and treated with 200 mg/kg body weight of 

Silymarin) 
CECDR = Chloroform extract of Chasmanthera dependens root 

4. Disscusion 

In many regions of the world, traditional medicines are a part of everyday life. (Bussman and 
Sharon, 2006). In this study, we investigate the antioxidant properties of the chloroform extract of the 
root of a medicinal plant, Chasmanthera dependens. CECDR showed positive test for the presence of 
phenols, alkaloids, carbohydrates, flavonoids, terpenes, reducing sugar, tannins and steroids which 
is in agreement with the findings of Ogbozor and Anosike, (2020). Flavonoids and phenols are known 
to have free radicals scavenging ability and anti-oxidant property (Sairan et al., 2017). Therefore, these 
metabolites are believed to be responsible for the observed therapeutic effects of CECDR. The results 
showed that the DPPH radical scavenging activities of CECDR increase gradually (p < 0.05) as the 
concentration increases. CECDR (EC50 of −646.67 μg/mL) in higher concentration possess higher 
antioxidant potential compared to the standard ascorbic acid (EC50 of −10.58 μg/mL). The strong 
antioxidant activities of CECDR might be correlated with the high level of phenolics and flavonoids. 
CECDR having an EC50 of −58.78 ± 2.93 μg/mL was found to have higher H2O2 radical scavenging 
activity than ascorbic acid (EC50 of 90.06 μg/mL). At 15.6 μg/mL, CECDR had a FRAP of 21.18 ± 0.15 
μg GAE while at 1000 μg/mL, it demonstrated a FRAP of 0.03 ± 0.00 μg GAE. This showed that the 
Ferric Reducing Antioxidant Power of CECDR increases with decreasing concentration of the extract. 
The CECDR at the concentrations 15.6 μg/mL and 1000 μg/mL exhibited a Total Antioxidant Capacity 
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(TAC) of 15.22 ± 7.81 μg AAE and 0.03 ± 0.00 μg AAE respectively. This also indicates a significant 
increase (p < 0.05) in TAC with decreasing concentration of the extract.  

A significant (p < 0.05) reduction in the concentration of endogenous antioxidant enzymes 
(catalase, superoxide dismutase and glutathione peroxidase) was observed in group 2 due to CCl4 
administration without treatment, suggesting that the free radicals generated by CCl4 overwhelmed 
the endogenous antioxidant enzymes activities. However, treatment with CECDR resulted in 
significant elevation (p < 0.05) elevation across the test groups. This could be attributed to the fact that 
CECDR is rich in antioxidants which revived and enhanced the activities of the endogenous 
antioxidant enzymes. Flavonoids, terpenoids and phenolics found in CECDR are important 
antioxidants that can aid in combating lipid peroxidation and oxidative stress induced by CCl4. Also, 
administration of CCl4 significantly (p < 0.05) elevated the concentration of malondialdehyde in group 
2 (CCl4—induced and untreated) rats compared to those in group 1 (Normal control). This could be 
due to lipid peroxidation by the free radical generated by CCl4. The test groups showed a significant 
(p < 0.05) reduction in their malondialdehyde concentration, suggesting that C. dependens abated lipid 
peroxidation.  

5. Conclusions 

In conclusion, the results obtained from this present study shows that the chloroform extract of 
Chasmanthera dependens have potent antioxidant effect and this can be credited to the antioxidant 
activities of its constituent phytochemicals such as flavonoids, phenolics, terpenes, which can 
enhance the activities of endogenous antioxidants.  
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