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ABSTRACT

Objective: This study aimed to assess the anti-inflammatory and antioxidant properties in vitro of Calotropis procera root bark.

Methods: Anti-inflammatory activities of the ethanolic extract of root bark of C. procera and its fractions were evaluated on lipoxygenase and 
xanthine oxidase (XO). Antioxidant activity was evaluated by trapping the 2,2-diphenylpicrylhydrazyl (DPPH) radical, hydrogen peroxide (H2O2), by 
the reducing power ferric reducing antioxidant power. Inhibitory powers of lipid peroxidation and of degradation of D-deoxyribose as well as the 
contents of phenolic and triterpene compounds were also evaluated.

Results: Ethanolic extract showed interesting anti-inflammatory and antioxidant activities. Butanol fraction which is one of richest fractions for 
flavonoids (17.38±0.13 mg EQ/10 g extracts) showed the best percentages for inhibitions of XO (60.14±4.89%), degradation of D-deoxyribose 
(81.04±0.77%), and the DPPH radical (71.43±6.35%). Dichloromethane fraction which is the richest in triterpenes (1067.02±5.77 mg UAE/g extracts) 
showed the best percentages for inhibitions of lipoxygenase (56.45±1.15%) and of lipid peroxidation (82.45±0.73%). Ethyl acetate and residual aqueous 
fractions, respectively, showed the best activities of inhibiting H2O2 (75.38±0.76%) and for iron-reducing capacity (23.51±1.69 mg EAA/g extracts).

Conclusion: Ethanolic extract from C. procera root bark and its fractions, their particular the butanol and dichloromethane one, has anti-inflammatory 
and antioxidant properties which could prevent or attenuate liver injury and its complications.
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INTRODUCTION

Hepatitis is liver inflammation that is a public health problem today [1]. 
According to the WHO [2] global report, more than 2 billion people 
were exposed to the hepatitis B virus (HBV) and 257 million people, 
or 3.5% of the population, had a chronic infection in 2015. Each year 
there are more than 4 million acute clinical cases of HBV infection. It 
is estimated that hepatitis B and its complications kill 1 million people 
each year. In Africa, HBV and hepatitis C virus are responsible for 80% 
of cirrhosis and hepatocellular carcinoma [3]. Over 80% of liver cancers 
occur in developing countries, in sub-Saharan Africa and in East and 
Southeast Asia. The incidence is much lower in developed countries [4]. 
In Burkina Faso, the prevalence of hepatitis B is estimated at around 
9.41% [5] and that of hepatitis C at around 2.14% [6]. Aflatoxins 
including aflatoxin B1, excessive consumption of alcohol and tobacco, 
are also important risk factors for hepatitis and liver cancer. Oxidative 
stress is one of the factors involved in all liver diseases. In mammals, 
a sophisticated antioxidant system has been developed to maintain 
the redox homeostasis in the liver. When the reactive oxygen species 
(ROS) is excessive, the homeostasis will be disturbed, resulting in 
oxidative stress, which plays a critical role in liver diseases and other 
chronic and degenerative disorders [7,8]. In liver, oxidative stress 
stimulates transcription of pro-inflammatory factors, including 
nuclear factor kappa B, which is responsible for release of many 
inflammation mediators, interleukin-6 (IL-6), tumor necrosis factor 
α (TNF-α), and IL-8 [9], which trigger various liver diseases, such as 
chronic viral hepatitis, alcoholic hepatitis, non-alcoholic steatosis, and 
their progression to hepatic fibrosis by collagen formation, cirrhosis, 
and liver cancer [7]. Medicinal plants are today an undeniable and 
invaluable source of antioxidant compounds which are used in the 

treatment of many pathologies including those caused by oxidative 
stress, inflammatory diseases such as hepatitis.

In Burkina Faso, traditional medicine remains the main health system 
for a large majority of the populations (70%) not only because it 
constitutes an important element of their cultural heritage but also 
because of the means financial constraints for conventional medical 
system [10,11]. To justify and promote phytotherapy for the treatment 
of liver diseases, it seems imperative to investigate natural anti-
inflammatory and antioxidant natural products which could increase 
and improve the therapeutic arsenal for the care of liver diseases. 
Calotropis procera (Ait.) R. Br. (Apocynaceae) is a medicinal plant used 
in Burkina Faso in the treatment of infections including hepatitis, sickle 
cell crises, respiratory, and skin disorders [12,13]. Powder from dried 
root is used in the treatment of bronchitis, asthma, leprosy, eczema, 
elephantiasis, liver, and spleen diseases [14]. The aim of this study was 
to evaluate the anti-inflammatory and in vitro antioxidant activities of 
the root bark extracts of C. procera.

METHODS

Plant material
C. procera (Ait.) R. Br. root barks were harvested in Ouagadougou 
(12°25’28.2’’N; 1°28’0.06’’W) in August 2015 then dried out of the sun 
and pulverized to a fine powder by a blade mill (Gladiator Est., 1931 
Type BN 1 Mach 40461 1083). Species was identified by Professor 
AmadéOuédraogo, Botanist at the UFR/SVT of Joseph Ki-Zerbo 
University. A specimen of this species was deposited at the Joseph Ki-
Zerbo University Herbarium under identification code ID-17033.
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Extract preparation
C. procera root bark powder (50 g) was placed in a dry jar and then 
500 ml of ethanol (96%) was added. The mixture was subjected to 
mechanical stirring for 24 h at room laboratory temperature. The 
mixture was then filtered and the extract obtained was concentrated 
using a rotavapor equipped with a vacuum pump then ventilated dry in 
an oven at 40°C for 48 h before being stored in the refrigerator at 4°C.

Fractionation
Ethanolic extract was fractionated using a separatory funnel using a 
series of solvents with increasing polarity hexane, dichloromethane, 
ethyl acetate, and butanol to obtain their respective fractions as well as 
the residual aqueous fraction.

Phytochemistry study
Total polyphenol content determination
Total phenolic compounds were determined using the Folin–Ciocalteu 
reagent (FCR) [15]. The reaction mixture was constituted of 25 μl of 
extract (dissolved in pure methanol at a concentration of 1 mg/ml) and 
125 μl of the FCR solution (0.2 N). This mixture was incubated for 5 min 
and then 100 μl of sodium carbonate solution (75 g/l) was added. The 
different solutions were left to stand in the dark for 1 h. The reading was 
taken with a spectrophotometer (Epoch 251465, BioTek Instruments, 
U.S.A.) against a standard curve of gallic acid (y = 0.0249x; R2 = 0.99) 
at 760 nm. Analyzes were carried out in triples for each extract and the 
averages were calculated. The results were expressed in milligrams of 
gallic acid equivalent per gram of extract (mg EAG/g of extract).

Total flavonoids content determination
Total flavonoids were determined using aluminum trichloride [16] 
(Lamien-Meda et al., 2008). The reaction mixture was constituted of 
100 μl of aluminum trichloride (2% AlCl3 in pure methanol) mixed with 
an equal volume of extract (dissolved in methanol at a concentration of 
1 mg/ml). A blank consisting of 100 μl of extract and the same volume 
of methanol was produced. The absorbances were read 15 min later 
with a spectrophotometer (Epoch 251465, BioTek Instruments, U.S.A.) 
against a quercetin standard curve (y = 0.0289x + 0.0036; R2 = 0.99). 
Analyzes were carried out in triples for each extract and the averages 
were calculated. The results were expressed in milligrams quercetin 
equivalent per gram of extract (mg EQ/g of extract).

Total triterpenes content determination
The total triterpenes were determined according to the colorimetric 
method described by Chang et al. [17]. The reaction mixture was 
composed of 100 μl of extract (dissolved in methanol at 10 mg/ml), 
150 μl of the solution of vanillin acetic-glacial acid (5%), and 500 μl of 
perchloric acid. The mixture was placed in a water bath at 60°C for 45 min. 
The mixture was then cooled in an ice bath and then 2.25 ml of glacial 
acetic acid was added. The absorbance was read by a spectrophotometer 
(Epoch 251465, BioTek Instruments, U.S.A.) at 548 nm against a standard 
curve of ursolic acid (0.2139x + 0.0083; R2 = 0,99). Averages of analyzes 
performed in triplicate for each extract were expressed in milligrams of 
ursolic acid equivalent per gram of extract (mg UAE/g of extract).

Anti-inflammatory activity
Lipoxygenase inhibitory activity
The inhibitory activity of extracts on the lipoxygenase was determined 
by the spectrophotometric method developed by Malterud et al. [18] 
with slight modifications. Briefly, the reaction medium consisted of a 
mixture of 100 μl of extract prepared in the borate-methanol buffer 
(1%) and 400 μl of lipoxygenase (167 U ml−1). The mixture was 
incubated at room temperature for 2 min and the reaction was initiated 
by adding 500 μl of the substrate solution (linoleic acid, 250 μM in 
borate buffer). The kinetics of the reaction was followed at 234 nm for 
2 min. The inhibitory activity, expressed as a percentage of lipoxygenase 
inhibition, was calculated as follows:

Inhibition percentage (%) = (1− (V0 sample)/(V0 control)) × 100

V0 control = activity of the enzyme without inhibitor (Δabs. With 
enzyme – Δabs. Without enzyme) 
V0 sample = activity of the enzyme with inhibitor (Δabs. With enzyme 
– Δabs. Without enzyme)

Xanthine oxidase (XO) inhibitory activity
The inhibitory activity of the extracts on XO (EC.1.1.3.22) was evaluated 
according to the method described by Filha et al. [19] with slight 
modifications. The reaction mixture consisted of 50 μl of extract at 
the final concentration of 100 μg/ml, 150 μl of phosphate buffer (pH 
7.5, 1/15 M), and 50 μl of enzyme solution (0.28 U/ml prepared in 
the buffer). After pre-incubation of the mixture at 25°C for 1 min, the 
reaction is initiated by adding 250 μl of a substrate solution (0.6 mM) 
and the absorbance was measured for 3 min. A blank without extract 
was prepared. The analyzes were carried out in triplicate. Quercetin 
and gallic acid were used as positive controls. The inhibiting activity 
of XO, expressed as a percentage of inhibition, was calculated using the 
formula below:

Inhibition percentage (%) = (1 − V/V0) × 100

V0: Variation of the absorbance per minute of the test without the 
extract; V: Variation of the absorbance per minute of the test with the 
extract.

Lipid peroxidation inhibitory activity and cellular DNA structure 
protection test
Lipid peroxidation inhibitory activity
The lipid peroxidation inhibitory activity of the extract was 
determined by the method of 2-thiobarbituric acid (TBA) described by 
Sombié et al. [20]. In this method, 0.2 ml of extract (1 mg/mL) was mixed 
with 1 mL liver homogenate (10%, v/v) in Tris-HCl buffer (50 μM, pH 
7.40), then 50 μl of FeCl2 (0.5 mM) and 50 μl of H2O2 (0.5 mM) were 
added. The mixture was incubated at 37°C for 60 min, then 1 mL of 
trichloroacetic acid (TCA) (15%) and 1 mL of 2-TBA (0.67%) were 
added. The mixture was then heated in boiling water for 15 min. The 
absorbance was read at 532 nm at the spectrophotometer against a 
blank. Quercetin and gallic acid were used as the reference compound. 
The results were expressed as percentage inhibition.

Cell DNA structure protection test: D-deoxyribose degradation 
inhibitory activity
The inhibitory activity of the deoxyribose degradation was determined 
by the method described by Perjési and Rozmer [21]. The reaction 
mixture consisted of 100 μl of extract (in 50 mM phosphate buffer, pH 
7.4), 100 μl of ethylenediaminetetraacetic acid (1.04 mM aqueous), 
100 μl of iron sulfate (100 mM aqueous), 100 μl of deoxyribose 
(60 mM aqueous), and 100 μl of hydrogen peroxide (H2O2) (10 mM). 
The volume was made up to 1 ml with phosphate buffer, then the 
mixture was incubated (at 37°C for 1 h). TCA (1 ml, 15% aqueous) and 
TBA (1 ml, 0.675% in 25 mM aqueous NaOH) were added, then the 
whole was put back to incubation (100°C for 15 min). After cooling in 
an ice bath (5 min), the tubes were centrifuged (3000 rpm for 10 min), 
then 200 μl of the supernatant were transferred to 96-well microplates. 
The trapping of deoxyribose degradation was measured using a 
spectrophotometer at 532 nm against a blank. Gallic acid and quercetin 
were used as the reference substance. The experiment was carried out 
in triplicate and the activity of the extract to trap the degradation of 
deoxyribose was expressed as a percentage of trapping the degradation 
of deoxyribose compared to the control without extract.

Antioxidant activities
2,2-diphenylpicrylhydrazyl (DPPH) free radical scavenging activity
Antioxidant activity DPPH was carried out according to the method 
described by Velazquez et al. [22]. This method was based on the 
reduction in absorbance at 517 nm of the stable free radical DPPH, 
in the presence of a hydrogen radical donor. Three tests were carried 
out by mixing 100 μl of sample (1 mg/ml) dissolved in methanol and 
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200 μl of DPPH. After 15 min of incubation, the absorbance was read 
at 517 nm against a blank (100 μl of methanol and 200 μl of DPPH) 
using a spectrophotometer. The antiradical activity was expressed as a 
percentage of inhibition of DPPH. Gallic acid and quercetin were used 
as references.

H2O2 scavenging activity
The ability of the extracts to scavenge H2O2 was assessed by 
Mohan et al. [23]. The reaction mixture consisting of 100 μl of 
extract (1 mg/ml in 10 mM phosphate buffer, pH 7.4) and 100 μl of 
H2O2 (100 mM) was incubated for 10 min at room temperature. The 
residual H2O2 was measured at 230 nm with the spectrophotometer 
against a blank containing only the phosphate buffer. The activity of 
the H2O2 scavenger extract was expressed as percent H2O2 scavenging 
(% inhibition) relative to control without extract. The experiment was 
carried out in triplicate and gallic acid and quercetin were used as a 
reference substance.

Ferric reducing antioxidant power (FRAP) assay
FRAP was evaluated according to the method described by Hinneburg 
et al. [24]. In a test tube containing 0.5 mL of extract (1 mg/ml) to 
be tested, 1.25 ml of phosphate buffer (0.2 M, pH 6.6) and 1.25 ml of 
potassium were added hexacyanoferrate (1% aqueous). The mixture 
was heated at 50°C in a water bath for 30 min. After cooling, TCA 
(1.25 ml, 10%) was added and the mixture was then centrifuged 
(2000 rpm for 10 min). Three aliquots (125 μl) of the supernatant 
were transferred into a 96-well microplate to which 125 μl of distilled 
water and then 25 μl of FeCl3 (0.1% aqueous) were added. The 
evaluation of the reducing power was carried out at 700 nm with 
spectrophotometer against a standard curve of ascorbic acid. The 
results are expressed in milligram equivalent ascorbic acid per gram 
of extract (mg EAA/g extract).

Statistical analysis
Statistical analysis was carried out with GraphPad Prism software 
(version 5.0) and MS Excel software was used to obtain the ascorbic 
acid standard curve and the correlation curve as well as the inhibition 
percentages, the means and the deviations standards. ANOVA one 
way followed by the Bonferroni test was used to measure the degree 

of statistical significance of the results. A significant difference is 
considered for p<0.05.

RESULTS

Total phenolic and triterpenes content
Phytochemistry study has shown that ethanolic extract is rich in 
total triterpenes (1045.99±16.14 mg UAE/g) than total phenolics 
(33.47±3.59 mg EAG/g) and flavonoids (01.36±0.17 mg EQ/10 g) 
(Table  1). Dichloromethane fraction showed the best total triterpene 
content (1067.02±5.77 mg UAE/g) and ethyl acetate fraction 
showed the best total polyphenol content (50.01±1.41 mg EAG/g). 
Residual aqueous fractions (21.98±0.54 mg EQ/10 g) and butanol 
(17.38±0.13 mg EQ/10 g) are the richest in flavonoids.

Anti-inflammatory activities
Extracts anti-inflammatory activity in vitro were evaluated on 
lipoxygenase and XO (Table  2). Crude ethanolic extract, hexane, and 
dichloromethane fractions showed the best lipoxygenase inhibitory 
activities with a percentage inhibition greater than 50% and 
statistically equal to that of quercetin but lower than that of gallic 
acid, used as reference substance. Other extracts showed lipoxygenase 
inhibitory activities of <50%. Butanolic, dichloromethane, ethyl acetate 
fractions, and crude ethanolic extract showed percentage inhibitions 
of XO greater than 50%. The best percentage inhibition of XO was 
obtained with butanol fraction (60.14±4.89%) which is statistically 
equal to that of quercetin (62.22±3.06%) but lower than that gallic acid 
(88.76±3.19%).

Lipid peroxidation inhibitory activity and cellular DNA structure 
protection test in vitro
Table 3 shows the capacity of the extracts effect against lipoperoxidation 
and degradation of deoxyribose. All extracts, except the hexane 
fraction, showed percentages of inhibition of lipid peroxidation and 
degradation of D-deoxyribose greater than 50%. The dichloromethane 
fraction showed the best percentage inhibition of lipid peroxidation 
(82.45±0.73%) which is statistically lower than that of gallic acid 
(91.70±1.55%) and quercetin (90.59±0.99%). The residual aqueous 
(84.43±0.77%) and butanolic (81.04±0.77%) fractions showed the best 
inhibitory activities against deoxyribose degradation (84.43±0.77%) 

Table 1: Content of phenolic compounds and triterpenes

Extracts Phytochemistry

Total phenolic content 
(mg EAG/g)

Total flavonoids 
content (mg EQ/10 g)

Total triterpenes content 
(mg EAU/g)

Ethanolic extract 33.47±3.59b 01.36±0.17d 1045.99±16.14a

Hexane fraction 15.33±1.01d 03.66±0.29d 890.77±16.25b

DCM fraction 19.02±0.43d 10.61±0.91c 1067.02±5.77a

Ethyl acetate fraction 50.01±1.41a 09.76±2.14c 312.62±10.69c

Butanol fraction 28.33±2.27c 17.38±0.13b 205.09±7.97d

Residual aqueous fraction 33.21±1.73b 21.98±0.54a 24.87±0.33e

mg EAG/1 g: Milligrams gallic acid equivalent per 1 g of dry extract; mg EQ/10 g: Milligrams quercetin equivalent per 10 g of dry extract; mg EAU/1 g: Milligrams 
ursolic acid equivalent per 1 g of dry extract; each value represents mean±SEM; the difference is significant (p>0.05) for letters (a to e)

Table 2: Results of anti-inflammatory activities in vitro

Extracts Anti-inflammatory activities in vitro (at 100 µg/mL)

Lipoxygenase inhibition (%) Xanthine oxidase inhibition (%)
Ethanolic extract 61.91±4.30b 53.04±2.47c

Hexane fraction 56.15±12.16b 42.60±3.63d

DCM fraction 56.45±1.15b 57.24±3.54c

Ethyl acetate fraction 41.14±0.14c 54.65±3.18c

Butanol fraction 48.53±2.27c 60.14±4.89b,c

Residual aqueous fraction 44.52±4.97c 38.40±5.94d

Gallic acid 77.01±7.58a 88.76±3.19a

Quercetin 58.34±4.01b 62.22±3.06b

Each value represents mean±SEM; the difference is significant (p>0.05) for letters (a to d)
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statistically lower than those of quercetin (95.77±0.03%) and gallic 
acid (87.99±0.07%) used as reference substances.

Antioxidant activities in vitro
Table 4 shows the inhibitory power of extracts of the DPPH radical by 
hydrogen transfer, the inhibitory power of H2O2, and the reducing power 
of ferric ion (Fe3+) to ferrous ion (Fe2+) of the extracts. The butanolic, ethyl 
acetate, and dichloromethane fractions showed percentage inhibitions 
of the DPPH radical greater than 50% but statistically lower than those 
of the reference compounds, gallic acid, and quercetin. The ethyl acetate 
(75.38±0.76%), butanolic (54.69±3.00%), and dichloromethane 
(50.18±1.79) fractions showed percentage inhibitions of H2O2 greater 
than or equal to 50% and statistically superior to that of the reference 
substances, gallic acid (22.74±2.65%) and quercetin (09.59±0.39%). 
The ethyl acetate fraction had the best percentage inhibition of H2O2. 
The residual aqueous fraction showed the best reducing power of ferric 
ion to ferrous ion (23.51±1.69 mg EAA/g).

DISCUSSION

Lipoxygenases are enzymes that insert oxygen at positions 5, 12, and 15 
of arachidonic acid or linoleic acid, thus giving rise to hydroperoxides, 
hence, three different lipoxygenases in animals. 5-Lypoxygenase is 
an inflammatory enzyme located in nuclear membranes of liver cells 
(Kupffer cells, hepatocytes) which is involved in the pathogenesis of 
hepatocellular damage [25]. Studies have shown that during hepatic 
cirrhosis, there is an increase in 5-lipoxygenase expression and 
leukotriene formation in the liver [26]. 5-lypoxygenase produced 
plays an important role in the survival of Kupffer cells and in the 
pathogenesis of liver inflammation and hepatic fibrosis [27]. Inhibition 
of lipoxygenase, in particular 5-lipoxygenase, induces growth arrest and 
apoptosis of liver Kupffer cells, the activation of which generates the 
production of inflammatory mediators (IL6, TNF-α, IL1, and IL-1β) and 
fibrosis (TGF-β) [28]. Inhibition of 5-lipoxygenase expression pathway 
in liver attenuates the inflammation of liver by a decrease in production 
of pro-inflammatory cytokines [29] and promotes the modulation 
of mediator pro-collagens such as matrix metalloproteinase-2 and 
tissue inhibitor of metalloproteinase-2 through the significant 
reduction of their activities [25]. Crude ethanolic extract, hexane, and 

dichloromethane fractions which are rich in triterpenes have shown the 
best lipoxygenase inhibiting activities, suggesting that the triterpenes 
could be responsible for this activity, as shown by the good correlation 
(R2 = 0.79) obtained between triterpene contents and percentages 
of lipoxygenase inhibition. The inhibitory activity of extracts on the 
lipoxygenase could contribute to attenuate the inflammation of liver 
and thus to prevent installation or progression of hepatic fibrosis 
[28]. XO is preferred therapeutic target in treatment of gout, damage 
caused by oxidants, inflammation, and even cancer. It is considered 
an important source of production of superoxide anion (O2

−). This 
superoxide anion and other ROS produced during XO activity contribute 
to ischemic damage through catabolism of adenosine triphosphate 
(ATP) during hypoxia and increase availability of electron acceptors 
(molecular oxygen) during reperfusion. In liver, these XO-derived ROS 
act as mediators of inflammatory signal transduction pathways and 
expression of pro-inflammatory genes [30]. XO inhibitors are said 
to have beneficial effects against ischemic damage to the liver, heart, 
kidney, brain, intestine, lung, and other tissues [30]. Extracts contain 
phenolic compounds known for their antioxidant power which are 
potential inhibitors of inflammatory enzymes such as cyclooxygenase, 
lipoxygenase, and XO [31]. However, phenolic compounds are not the 
only compounds responsible for anti-inflammatory activities, certain 
terpenoids, in particular triterpenes and triterpene saponins, also 
have anti-inflammatory activities against XO [32]. XO and lipoxygenase 
inhibitors could be a therapeutic mean in acute and chronic 
inflammation of liver and in many other liver diseases.

Lipid peroxidation is action of free radicals on membrane lipids which 
leads to release of lipid by-products including malondialdehyde 
(MDA) and 4-hydroxynonenal [33]. In vitro, ferrous ions released by 
iron dichloride react with H2O2 to form hydroxyl radicals according 
to Fenton reaction. These radicals attack lipid constituents of 
hepatocyte membranes causing their alteration with release of MDA 
which forms with thiobarbituric acid a red complex which absorbs at 
560 nm. Lipoperoxidation of membranes leads to a deterioration in their 
functionality. In vivo, lipid peroxidation of hepatocyte membranes is 
cause of acute and chronic inflammation of liver. All the extracts, except 
hexane fraction, significantly inhibit lipid peroxidation, thus preventing 

Table 3: Lipid peroxidation inhibitory activity and cellular DNA structure test in vitro

Extracts Lipid peroxidation inhibitory activity and cellular DNA structure test in vitro

Lipid peroxidation inhibitory activity (%) D-deoxyribose degradation inhibitory activity (%)
Ethanolic extract 59.33±0.95d 68.36±0.77e

Hexane fraction 13.23±1.81e 12.69±0.50f

DCM fraction 82.45±0.73b 69.20±1.27e

Ethyl acetate fraction 71.53±0.33c 68.02±0.88e

Butanol fraction 67.30±2.15c 81.04±0.77c,d

Residual aqueous fraction 69.21±0.55c 84.43±0.77c

Gallic acid 91.70±1.55a 87.99±0.07b

Quercetin 90.59±0.99a 95.77±0.03a

Each value represents mean±SEM; the difference is significant (p>0.05) for letters (a to f)

Table 4: Antioxidant activities in vitro

Extracts Antioxidant activities in vitro

DPPH free radical scavenging activity (%) H2O2 scavenging activity (%) FRAP (mg EAA/g of extract)
Ethanolic extract 30.47±1.86c 35.82±1.04c 08.30±1.50c

Hexane fraction 27.95±1.97c 36.71±4.09c 12.57±0.50b

DCM fraction 62.20±0.00b 50.18±1.79b 07.67±1.23c

Ethyl acetate fraction 68.49±1.24b 75.38±0.76a 14.82±2.50b

Butanol fraction 71.43±6.35b 54.69±3.00b 07.83±1.00c

Residual aqueous fraction 32.39±6.21c 20.26±1.46d 23.51±1.69a

Gallic acid 81.77±0.18a 22.74±2.65d Nd
Quercetin 78.84±5.41a 09.59±0.39e Nd
mg EAA/g: Milligrams ascorbic acid equivalent per gram of dry extract, FRAP: Ferric reducing antioxidant power; DPPH: 2,2-diphenyl-1-picrylhydrazyl, H2O2: Hydrogen 
peroxide; each value represents mean±SEM; the difference is significant (p>0.05) for letters (a to e). Nd: Non-determined
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alteration of structure and function of hepatocyte membranes. 
Dichloromethane fraction which is rich in triterpenes has shown the 
best percentage of inhibition of lipid peroxidation, suggesting that these 
compounds could be responsible for its activity [34]. DNA, whether 
nuclear or mitochondrial, is also a major target for free radicals. The 
O2

●- and OH● radicals cause DNA damage. These can indeed interact 
with DNA deoxyribose but also with its purine and pyrimidine bases. 
These structural alterations when they are not “repaired” lead in the 
long term to genetic alterations: Chromosomal breaks, mutations, 
deletions, and amplifications, at the origin of a dysfunction in protein 
metabolism [9]. Extracts, in particular the residual aqueous and 
butanolic fractions which are richer in flavonoids, have shown good 
percentages of inhibition of degradation of D-deoxyribose suggesting 
their capacities to protect DNA structure of liver cells.

Oxidative stress, an imbalance between oxidants and antioxidants 
in favor of oxidants, is involved in pathogenesis of liver diseases, 
whatever their etiology and the course of disease [8]. ROS, precursors 
of oxidative stress, cause damage and necrosis of hepatocytes causing 
inflammation of liver. Due to their unstable nature, ROS are toxic and 
interact with a whole series of important biological substrates. Protein 
denaturation, enzyme inactivation, glucose oxidation, DNA breaks 
with the possibility of mutation, and lipid peroxidation processes 
can then appear with often irreversible consequences for the cell 
[35,36]. H2O2, a biological, non-radical ROS, can be formed in tissues 
by oxidative processes. The capacity of H2O2 trapping shows that the 
extracts have the capacity to prevent the Fenton reaction which is 
at origin of formation of hydroxyl radical [37]. These extracts could, 
therefore, protect structures and functions of cell membranes as well 
as structure of DNA which are preferred targets of hydroxyl radicals. 
They, therefore, contain antioxidant compounds which could protect 
hepatocytes against effect of oxidative stress. DPPH radical inhibition 
shows that extracts have the capacity to transfer an electron to this 
radical to neutralize it, suggesting their antioxidant activity [38]. FRAP 
test shows ability of the extracts to give an electron to the ferric ion 
Fe3+ to reduce it to the ferrous ion Fe2+[10]. This reflects the reducing 
power of extracts, in particular that of residual aqueous fraction which 
is richer in phenolic compounds and in flavonoids. The extracts could 
serve as inhibitors or scavengers of free radicals, possibly acting 
as primary antioxidants [39]. C. procera root bark, therefore, has 
antioxidant activities [40].

CONCLUSION

The data obtained from this study have evidenced that the ethanolic 
extract from root bark of C. procera and also its fractions has anti-
inflammatory and antioxidant activities which can explain the 
hepatoprotective use of this medicinal plant. These properties could 
be due to the phenolic and triterpene compounds that they contain. 
The butanol and dichloromethane fractions have exhibited the best 
antioxidant and anti-inflammatory activities.

These results thus gathered constitute a contribution in the justification 
of traditional use of this plant in the treatment of liver diseases; and 
so, the root barks of C. procera could be a resource for formulating 
phytomedicines for treating inflammation of liver and its complications.
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