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Objective: To assess the antioxidant and anti-inflammatory activities as well as to
determine the flavonoids and phenolic acids content of active fractions.

Methods: Two medicinal plant samples were extracted successively in Soxhlet apparatus
with n-hexane, dichloromethane, acetonitrile, ethyl acetate, methanol and n-butanol. Five
methods were used to evaluate the antioxidant activity. Anti-inflammatory activity was
done through the inhibition of the cyclooxygenase enzymes (COX-1 and COX-2).
Polyphenolic compounds were analyzed by using a spectrophotometrical and high per-
formance liquid chromatography-mass spectrometry (HPLC-MS) methods.

Results: The data showed that the stem leaves extracts of Commiphora africana and
Loeseneriella africana possessed significant in vitro antioxidant and anti-inflammatory
activities. Polar extracts had radical scavenging effects and they reduced iron (III). The
prostaglandin production was significantly stopped by acetonitrile and methanol extracts.
These biological activities were supported by some bioactive compounds quantified by
using the HPLC-MS. p-Coumaric acid, ferulic acid, isoquercitrin, quercitrin, quercetin,
rutin, kaempferol and apigenin were the most metabolites quantified.

Conclusions: The present study may explain the effectiveness of plants in traditional
medicine of Burkina Faso, singularly Commiphora africana and Loeseneriella africana.
The next investigation was to sub-fractionate the methanol fraction in order to isolate new
antioxidant and/or anti-inflammatory compounds.

1. Introduction

health in Burkina Faso [1.2]. A large number of medicinal plants
were well known and traditionally used for the treatment of

Previous ethnobotanical investigations have demonstrated  malaria, wound, cancer, HIV, diarrhea, inflammation and
the importance of traditional medicine in maintaining people  cardiovascular diseases [1-4l. These data indicated the

importance of ethnopharmacological knowledge in Burkina
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phytotherapy according to Zizka et al. [11.
Commiphora africana (C. africana) and Loeseneriella afri-
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treatment of cancer, malaria, wound and inflammatory disease in
Burkina Faso and other countries [2.5]. Previous biological
investigations from Nigeria, Kenya and South Africa showed
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the antiradical scavenging, antimicrobial, anthelmintic,
antiplasmodial and antitumoral activities of C. africana
extracts [6-8]. These results were supported by in vivo studies
such as antilipidaemic, hypoglycemic and anti-inflammatory
properties [9-111. As for L. africana, it was demonstrated that
this plant possessed anti-malarial activities [5].

The phytochemical investigations focused on volatile compound
from gum, resin and oil such as monoterpenes [12]. The preliminary
phytochemical screening of C. africana extract revealed the
presence of flavonoids, tannin, anthraquinone, triterpenoides,
saponins and alkaloids [11]. A dihydroflavonol glucoside from
C. africana that mediates DNA strand scission was identified [13].
In contrast, the phytochemical studies of L. africana were not yet
done. This work fills a gap in pharmacology and phytochemical
knowledge in Burkina Faso. Thereby, the interactions between the
plant extracts and the antioxidant and the anti-inflammatory pa-
rameters were evaluated in vitro. This research was achieved by
phytochemical investigations.

2. Materials and methods
2.1. Plants

Stem with leaves of L. africana (Celastraceae) and C. africana
(Burseraceae) were collected from central region of Burkina Faso
in September 2011. After identification and authentication,
voucher specimens were deposited at the Herbarium of the Uni-
versity of Ouagadougou under the voucher specimen number
mcompaore_5 and mcompaore_6 respectively.

2.2. Chemical material

Folin—Ciocalteu reagent, sodium phosphate mono- and di-
basics, sodium tetraborate, potassium persulfate, aluminum  tri-
chloride, trolox, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-
azinobis(3-ethylbenzoline-6-sulphonate) (ABTS), gallic acid and
trichloro acetic acid (TCA) were purchased from Sigma—Aldrich
(Germany). Sodium carbonate, potassium hexacyanoferrate,

Table 1
Antioxidant activities and total polyphenolic contents.

ascorbic acid and ferric chloride were from Prolabo (France).
Caftaric, gentisic, ferulic, sinapic, caffeic, chlorogenic and p-
coumaric acids, and patuletin, luteolin, hyperoside, isoquercitrin,
rutin, myricetin, fisetin, quercitrin, quercetin, kaempferol and
apigenin were purchased from Roth (Germany) and Dalton
(USA). All solvents used were high-performance liquid chro-
matography (HPLC) or analytic grades.

2.3. Apparatus and chromatographic conditions

An Agilent 1100 HPLC Series system (Agilent, USA)
coupled with an Agilent 1100 mass spectrometer (LC/MSD Ion
Trap VL) was used for chromatographic analysis. The full
experimental description was showed in Compaoré et al. pre-
vious publication [14].

2.4. Extraction

Twenty-five grams of powder from each plant was succes-
sively fractioned with n-hexane, dichloromethane, acetonitrile,
ethyl acetate, methanol and n-butanol in Soxhlet apparatus ac-
cording to method of Dastmalchi er al. with slight modifications
[15]. The organic solvents were removed in rotary evaporator
system under reduced pressure. The mass of extractable
compounds were indicated in Table 1.

2.5. Biological investigations

2.5.1. Inhibition of radical DPPH assay

Extracts capacity to inhibit DPPH radical was evaluated as
described by Lamien-Meda et al. with some modifications [16].
In a 96 micro-well plate, 200 pL of DPPH® (20 mg/L) and
100 pL of sample were incubated in dark for 10 min, following a
reading at 517 nm (BioTek Instruments, USA). Quercetin was
used to generate a standard curve (y = —27.94x + 8.15; P> 0.99;
P < 0.0001). The data expressed in mg equivalent of quercetin
per gram was the average of 2 independent triplet tests.

Plant Extract Yield" Antioxidant activities Phytochemical analysis
(mg/e) " ABTS DPPH FRAP 1% LPO 1% DRB TPC TFC
(mMET/g) (mgQE/g) (mgAAE/g) (mgGAE/g) (mgQFE/g)

L. africana HF 2556  6.62 = 1.30°  7.49 + 0.09 21.59 + 4.65° Non active 65.33 = 0.44° 9042 +6.53  13.70 = 0.65

DCMF 7.54 17.08 £ 1.34° 56.10 = 2.93 88.17 +3.81Y Non active 66.53 = 0.88° 206.54 = 9.47  17.58 + 0.57

ACNF 9.76 21.50 = 0.73% 63.33 + 0.78% 118.67 £ 3.27° Non active 70.32 + 0.84% 246.45 + 6.66° 11.26 = 0.36

EAF 3.36 34.57 £227° 6351 =0.11%° 271.52 £ 7.33* 4179 224 69.65 = 0.79° 439.75 + 3.33" 8.47 = 0.27

MeOHF 185.24 26.08 + 1.16° 65.01 + 0.33* 186.59 + 7.97  70.07 = 0.36 66.72 + 0.55° 368.20 + 11.53° 3.84 + 0.08

BuOHF 220 21.59 £2.39¢ 61.250.13° 133.95 £ 2.02% 28.71 + 0.34 70.32 + 0.52°° 371.15 = 4.61° 30.21 = 0.49

C. africana HF 2712 5.06 = 0.48" Non active 15.03 £ 2.14°  Non active Non active 5.86 +£ 0.64  Non detected

DCMF 548 13.98 £0.72° 32.99 + 0.86 78.22 +3.55% 64.57 £ 0.81 60.78 = 0.48 150.51  2.40 1.48 = 0.06

ACNF 15.40 40.75 + 0.43* 64.45 + 0.05" 435.77 £ 20.57 58.51 + 1.68 83.79 + 0.28 819.39 + 10.56  0.21 + 0.03

EAF 15.40 37.60  1.00°° 64.16 + 0.32* 365.42 +8.99 65.25 +3.59 80.24 = 0.33 719.45 + 2.78 6.18 = 0.13

MeOHF 101.28 22.13 = 1.19% 61.13 + 0.30° 157.40 + 4.67° 78.57 +3.04 73.44 + 0.17° 260.73 + 4.50° Non tested

BuOHF 1.02 2947 +0.42° 62.50 = 0.05®° 264.25 £ 9.35° 64.02 + 1.19 77.06 = 0.19° 424.90 + 12.55°  Non tested

n =2 x 3 except asterisk data that were obtained by one procedure extraction. Data in each column were statistically different (P < 0.05) except data
with same letters. TPC: Total phenolic content; TFC: Total flavonoid content; FRAP: Ferric reducing antioxidant power; 1% LPO: Lipid peroxidation
inhibition percentage; 1% DRB: Deoxyribose degradation inhibition percentage; HF: n-Hexane fraction; DCMF: Dichloromethane fraction; ACNF:
Acetonitrile fraction; EAF: Ethyl acetate fraction; MeOHF: Methanol fraction; BuOHF: n-Butanol fraction; mMET/g: Millimole equivalent of trolox/
gram; mgEAA/g: mg ascorbic acid equivalents/gram; mgGAE/g: mg gallic acid equivalent/gram; mgQE/g: mg quercetin equivalent/gram.
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2.5.2. Inhibition of radical ABTS assay

The method described by Compaoré et al. with some modi-
fications was used to evaluate the sample ABTS®* scavenging
ability [14]. To 200 pL of diluted ABTS®** solution, 50 pL of
extract was added for 5 min dark incubation. The absorbance
was read at 734 nm with microplate reader (BioTek
Instruments, USA). Trolox was used for generating standard
curve (y = —72.38x + 54.57; P> 0.99; P < 0.001) and the
result were expressed in mMET/g.

2.5.3. Reduction of iron IIl assay

The reducing power of extracts was determined according to
Compaoré et al. method with some modifications [14]. In a tube,
0.5 mL of extract was mixed with 1.25 mL of phosphate buffer
(0.2 mol/L, pH 6.6) and 1.25 mL of 1% aqueous potassium
hexacyanoferrate. This mixture was incubated for 30 min
followed by an addition of TCA and centrifugated at 3000 r/
min for 10 min. In 96 micro-wells, the upper layer solution
(125 pL) was mixed with 125 pL of H,O and 25 pL of FeCl3
fresh solution. Ascorbic acid was used to produce the calibration
curve by reading the absorbencies at 700 nm (y = 105.9x;
” > 0.99; P < 0.0001). The iron (III) reducing activity of each
sample was obtained from 2 independent triplet determinations
and expressed in mgAAE/g of extract.

2.5.4. Lipid peroxidation inhibitory assay

The described method from Jaishree et al. in previous pub-
lication was used to evaluate the lipid peroxidation inhibition of
samples [17]. The production of chromogen A from lecithin
degradation was induced by FeCls, ascorbic acid, TCA and 2-
thiobarbituric acid. The extract inhibitory powers (100 pg/mL)
were obtained by reading the absorbance at 532 nm. The inhi-
bition percentage was calculated by using a proper blank and
negative control. All tests were achieved for 2 triplet indepen-
dent assays.

2.5.5. Desoxyribose degradation inhibitory assay

The inhibition of desoxyribose degradation was assessed by
using the experimental procedure developed by Perjési and
Rozmer [18]. In the presence of F62+-ethylene diamine tetraacetic
acid and H,O; (10 mmol/L), the desoxyribose was degraded to
methane dicarboxylic aldehyde according to a Fenton reaction.
A combination of methane dicarboxylic aldehyde and 2-
thiobarbituric acid produced a color indicator reaction at
532 nm. The extract was used at 100 pg/mL of final concen-
tration. All experiments were accomplished in triplicate for 2
independent tests. Hydroxyl radical scavenging effect was
expressed as the percentage of inhibition of 2-deoxyribose
oxidation.

2.5.6. Cyclooxygenase (COX) inhibition assay

Inhibition assay of COX-1 and COX-2 activities was per-
formed by using a commercial available colorimetric COX
(ovine) inhibitor screening assay kit (Cayman Chemical Com-
pany, USA). All the inhibitors added to the reaction system were
dissolved in appropriate solvent and prepared just before using.
In this assay, the COX activity was measured by using
N,N,N,'N'-tetramethyl-p-phenylenediamine (TMPD) as a co-
substrate with arachidonic acid. TMPD oxidation was moni-
tored spectrophotometrically with a 96-well plate reader at
590 nm (BioTek instruments, USA). Different extracts were

used at 100 pg/mL final concentration in total volume of
220 pL.

2.6. Phytochemical investigations

2.6.1. TPC determination

TPC was evaluated by using Folin—Ciocalteu colorimetric
assay described by Compaoré et al. with minor modifications
[14]. Twenty-five microliters of sample was added to 125 pL of
Folin—Ciocalteu reagent (0.2 mol/L) and incubated during 5 min
following by adding 100 pL of sodium carbonate (75 g/L). After
1 h of dark incubation, the absorbance was recorded at 760 nm
with microplate reader. Gallic acid was used to produce the
standard curve (y =201x — 21.22, ¥ >0.99, P < 0.0001) and the
results were done in mgGAE/g of extract.

2.6.2. TFC determination

TFC was determined according to previous method
described by Compaoré et al. with some modifications [14].
One hundred microliters of sample and 100 pL of AICI3
(2%) were mixed in 96 micro-well plate and incubated for
10 min. The absorbance was measured at 415 nm with
microplate reader. The standard curve was generated with
variable concentration of quercetin at 415 nm (y = 39.8x — 3.5;
= 0.99, P < 0.0001) and the results were done as mgQE/g
of sample.

2.6.3. ldentification and quantitative determinations of
polyphenols

To assess the quantities of polyphenolic compounds in the
bioactive fractions, the previous experimental processing was
used according to Compaoré et al. [14]. Seven phenolic acids and
11 flavonoid compounds were used as internal standard HPLC
analysis. The mass spectrometry was used for compound
identification and the UV trace was used for the identified
compound quantification.

2.7. Data analysis

All data were analyzed by using Excel for calculating means
and standard deviation. One-way ANOVA of GraphPad soft-
ware was used for measuring the statistical difference and
obtaining the graph and correlation.

3. Results
3.1. Antioxidant activities

The antioxidative activity of the plant extracts was evaluated
by 5 methods and the results were shown in Table 1. ABTS
radical scavenging activities were decreasing from
(40.75 £ 0.43) to (5.06 + 0.48) mMET/g. In contrast, all frac-
tions were presented similar DPPH radical scavenging effect
(around 60 mgQE/g) except HF and DCMF. Interestingly, all
fractions were showing powerful iron (III) reduction ability
which increased from (15.03 = 2.14) to (435.77 = 20.57)
mgAAE/g. Concerning the lipid peroxidation inhibition effect,
all the fractions (100 pg/mL final concentration) of C. africana
were active except HF. Meanwhile, only BuOHF, MeOHF and
EAF from L. africana were able to inhibit lipid peroxidation.
MeOHFs from C. africana and L. africana were presenting the
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best inhibition percentage with (78.57 =+ 3.04)% and
(70.07 + 0.36)% respectively. All active fractions presented an
ICsg inferior to 100 pg/mL (final concentration) in desoxyribose
degradation inhibition, with ACNF from C. africana inhibiting
(83.79 £ 0.28)%. According to the total antioxidant activity, the
best fractions were EAF, MeOHF and BuOHF from L. africana
and ACNF, EAF and BuOHF from C. africana. In general,
C. africana fractions showed better antioxidant activity than
L. africana fractions.

3.2. Anti-inflammatory effect

The inhibition percentage of prostaglandins biosynthesis was
presented in Figure 1. According to our data, COX-1 inhibition
was decreased from (67.36 = 0.29)% to (10.16 = 2.71)% and
COX-2 inhibition from (64.24 + 1.16)% to (12.74 + 1.90)%. In
considering the type of extract, it was shown that COX in-
hibitors were in polar extract. Certainly, the different extracts
contained some bioactive metabolites.

3.3. Phenolic and flavonoid contents

The yield data in Table 1 showed the existence of extractive
compounds with extensive polarity. Particularly, plants con-
tained some variable phenolic and flavonoid metabolites. The
TPC was ranging from (819.39 + 10.56) to (5.86 + 0.64)
mgGAE/g and the highest flavonoid content was
(30.21 £+ 0.49) mgQE/g. Remarkably, all the extracts from
C. africana were very poor in flavonoid content contrary to the
fractions from L. africana. For example, flavonoid content
represented around 8% of phenolics from BuOHF from
L. africana.

75 4 COX-1 a
5]
on
<
=
[0}
5
a~
HF DCMF ACNF EAF MeOHF BuOHF
Fractions
W C. africana B L. africana
75 4 COX-2
[
&
=
8
o)
a

HF DCMF ACNF EAF MeOHF BuOHF
Fractions

W C. africana B L. africana
Figure 1. Inhibition percentage of COX-1 and COX-2.
Data with same letters were not statistically significant. n = 2 x 3.

3.4. Phenolic compositions analysis

Polar fractions of plants were analyzed by high performance
liquid chromatography-mass spectrometry (HPLC-MS) but only
data from EAF, ACNF (L. africana) and BuOHF (C. africana)
analysis were shown in Tables 2 and 3. The two fractions from
L. africana presented the similar chromatographic profile with
isoquercitrin, rutin, quercetin, quercitrin and p-coumaric acid
that were quantified. EAF from C. africana was distinguished to
EAF from L. africana by the presence of kaempferol and api-
genin. The profile of BuOHF from C. africana was characterized
by the presence of ferulic acid, p-coumaric acid [931.36 pg
equivalent/gram (UgE/g)], rutin, isoquercitrin, quercetin and
quercitrin (126.83 pgE/g). Gentisic and ferulic acids were
detected in ACNF from L. africana, gentisic and chlorogenic
acids in EAF and gentisic and caffeic acids in BuOHF from
C. africana. In contrast, caftaric and sinapic acids, hyperoside,
myricetin, fisetin, patuletin and luteolin were not identified in the
fractions of plants. According to the chromatogram profiles (data
not shown), five unknown major compounds were notified at
8.5, 9.4, 12.2, 22.3 and 28 min (retention time) in EAF and 3
compounds at 22-25 min in BuOHF from C. africana. As in
C. africana fractions, L. africana fraction showed five major
compounds at 18.7, 21.1, 21.9, 23.4 and 24.9 min in EAF and
seven compounds from 21.5 to 33 min in ACNF. The unknown
compounds with the retention superior to 20 min could be fla-
vonoids according to their high retention time and UV absor-
bance. While the HPLC analysis data of MeOH, BuOHF from
L. africana and ACNF from C. africana were not presented in
the present study. According to their biological and phyto-
chemical profiling, they will be used in the anti-COX compound
isolation. The metabolites contributed to antioxidant and anti-
inflammatory effects significantly (Table 4). There were a sig-
nificant correlation between phenolic contents and antioxidant
activity and a good specific contribution of flavonoids that was

Table 2
Identified and quantified compounds (ligE/g) in L. africana by HPLC-
MS analysis.

Compounds EAF ACNF Total quantity
p-Coumaric acid 22.83 34.10 56.93
Isoquercitrin 19.80 15.95 35.75
Rutin 12.55 08.85 21.40
Quercitrin 20.90 34.95 55.85
Quercetin 04.35 04.93 09.28

Data were obtained by one procedure analysis.

Table 3
Identified and quantified compounds (LgE/g) in C. africana by HPLC-
MS analysis.

Compounds EAF BuOHF Total quantity
p-Coumaric acid - 951.45 951.45
Ferulic acid - 29.10 29.10
Rutin 51.50 88.25 139.75
Isoquercitrin 15.40 70.40 85.80
Quercitrin 22.52 126.83 149.35
Quercetin 26.25 15.35 41.60
Kaempferol 14.30 - 14.30
Apigenin 13.38 - 13.38

Data were obtained by one procedure analysis.
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Table 4
Positive correlation matrix.

TPC ABTS FRAP COX- COX- DPPH 1% 1%
1 2 LPO DRB

TPC 1
ABTS 095 1

FRAP 098 0.96 1

COX-1 063 075 0.64 1

COX-2 059 063 058 087 1

DPPH 070 082 068 075 0.50 1

1% LPO 055 0.60 0.60 032" 027" 051 1

1% DRB 0.66 068 061 0317 006 077 047 1

Asterisk data mean an unsignificant correlation.

varying from 0.3 to 1.5. Similarly, phenolic compounds
contributed to COX inhibition significantly (» = 0.60, P < 0.05).

4. Discussion

According to World Health Organization statistical studies,
people in Burkina Faso have a very low economic level and the
population used the plants for health care appropriately [19].
These facts lead scientists from Burkina Faso to focus their
interest in improving traditional medicine. The purpose of this
investigation was to assess the antioxidative and anti-
inflammatory effects as well as to determine the phenolics
composition of active extracts of medicinal plants. Our finding
has demonstrated the interesting antioxidant activity of EAF,
MeOHF and BuOHF from the 2 plants as well as the enzymes
inhibitory effect of ACNF, EAF and MeOHF. According to
Fawole et al. 1201 and Vogl et al. [21], MeOHF, EAF, ACNF
from L. africana and ACNF from C. africana which presented
a hight COX-1 inhibition at 100 pg/mL could contain some
potential inhibitors in a first level, and MeOHF and EAF from
L. africana and ACNF from C. africana in a second level.
According to previous study, C. africana stem leaves extracts
showed the anti-DPPH® and anti-ABTS®* effects and didn't
present any S-lipoxygenase inhibitory effect, an inflammatory
enzyme [6].

These antioxidant and anti-inflammatory activities can be
explained by the presence of metabolites notably, including the
total phenolics and flavonoids found in different extracts and the
identified compounds. The significant correlation of phenolics to
the biological activity conformed with previous data that indi-
cated the important contribution of phenolics and flavonoids
[14,16,22], Thereby, the anti-DPPH® and anti-ABTS®" activities of
quercitrin, isoquercitrin, rutin and p-coumaric acid have been
demonstrated  [23-25].  Additionally, rutin, isoquercitrin,
quercetin, apigenin and kaempferol, ferulic acid and caffeic
acid were good lipid peroxidation and desoxyribose
degradation inhibitors [23.24.26.27]. In the same way, p-
coumaric acid, rutin, isoquercitrin, quercetin and kaempferol
shown to possess anti-COX activity [28-31].
Interestingly, the significant correlation between antiradical
scavenging and COX inhibition in the first way and between
the Fe** reduction and COX inhibition in the second way
suggested inhibitory actions
(Table 4). For instance, plant extract by reducing iron in COX
heme could jam enzyme activity. Mechanistically, these data
could be explained the in vivo anti-inflammatory effect and the
DNA scission regulation of extracts from C. africana and its

have been

a mechanism of fractions

dihydroflavonol [11.13.32]. The antioxidant and anti-inflammatory
properties of these plants could justify its importance in the fight
against oxidative stress diseases and its corollaries.

The presented study could explain the effectiveness of plants
in traditional medicine in Burkina Faso, singularly C. africana
and L. africana. In biological activities, the plant extracts pre-
sented some potential antioxidant and anti-inflammatory effects.
The biological effects were explained by the content of bioactive
compounds revealed by HPLC-MS analysis. Thereby, iso-
quercitrin, rutin, quercitrin, quercetin and p-coumaric acid,
gentisic and ferulic acids were found to be the bioactive com-
pounds in L. africana and C. africana extracts. Additionally,
caffeic and chlorogenic acids, kaempferol and apigenin were
detected in C. africana extract. The near future is to isolate new
bioactive compounds form these plants.

Conflict of interest statement
We declare that we have no conflict of interest.

Acknowledgments

We are grateful to the International Foundation for Sciences
for providing the facilities through the technical cooperation
project IFS AF/20286.

References

[1] Zizka A, Thiombiano A, Dressler S, Nacoulma BM, Ouédraogo A,
Ouédraogo 1, et al. Traditional plant use in Burkina Faso (West
Africa): a national-scale analysis with focus on traditional medi-
cine. J Ethnobiol Ethnomed 2015; 11: 9.

Nacoulma-Ouédraogo OG. Medicinal plants and traditional medi-

cine practices in Burkina Faso [dissertation]. Ouagadougou: Oua-

gadougou of University; 1996.

Nadembega P, Boussim JI, Nikiema JB, Poli F, Antognoni F.

Medicinal plants in Baskoure, Kourittenga Province, Burkina Faso:

an ethnobotanical study. J Ethnopharmacol 2011; 133(2): 378-95.

Zerbo P, Compaore M, Meda NTR, Lamien-Meda A,

Kiendrebeogo M. Potential medicinal plants used by traditional

healers in western areas of Burkina Faso. World J Pharm Pharm

Sci 2013; 2(6): 6706-19.

Jansen O, Angenot L, Tits M, Nicolas JP, De Mol P, Nikiéma JB,

et al. Evaluation of 13 selected medicinal plants from Burkina Faso

for their antiplasmodial properties. J Ethnopharmacol 2010;

130(1): 143-50.

[6] Paraskeva MP, van Vuuren SF, van Zyl RL, Davids H,

Viljoen AM. The in vitro biological activity of selected South

African Commiphora species. J Ethnopharmacol 2008; 119(3):

673-9.

Akor JS, Anjorin TS. Phytochemical and antimicrobial studies of

Commiphora africana (A. Rich) Engl. root extracts. J Med Plants

Res 2009; 3(5): 334-7.

Muthaura CN, Keriko JM, Mutai C, Yenesew A, Gathirwa JW,

Irungu BN, et al. Antiplasmodial potential of traditional phytother-

apy of some remedies used in treatment of malaria in Meru-Tharaka

Nithi County of Kenya. J Ethnopharmacol 2015; 175: 315-23.

Adebaya AH, Aliyu R, Gasting D, Garba LH. The effect of etha-

nolic leaf extract of Commiphora africana (Burseraceae) on lipid

profile in rats. Int J Pharmacol 2006; 2(6): 618-22.

[10] Goji A, Dicko A, Bakari A, Mohammed A, Ezekiel I, Tanko Y.
Effect of aqueous-ethanolic stem bark extract of Commiphora
africana on blood glucose levels on normoglycemic Wistar rats. Int
J Anim Vet Adv 2009; 1(1): 22-4.

[11] Ezekiel I, Mabrouk MA, Ayo JO. Study of the effect of hydro-
ethanolic extract of Commiphora africana (stem-bark) on inflam-
mation and pain in rodents. Asian J Med Sci 2010; 2(3): 81-4.

[2

—

[3

—

[4

[inay

[5

—

[7

—

[8

—

[9

[


http://refhub.elsevier.com/S2221-1691(16)30002-8/sref1
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref1
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref1
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref1
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref1
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref1
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref2
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref2
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref2
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref2
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref3
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref3
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref3
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref4
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref4
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref4
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref4
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref5
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref5
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref5
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref5
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref5
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref6
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref6
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref6
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref6
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref7
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref7
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref7
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref8
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref8
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref8
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref8
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref9
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref9
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref9
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref10
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref10
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref10
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref10
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref11
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref11
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref11

670

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Moussa Compaoré et al./Asian Pac J Trop Biomed 2016; 6(8): 665-670

Hanus LO, Rezanka T, Dembitsky VM, Moussaieff A. Myrrh —
Commiphora chemistry. Biomed Pap Med Fac Univ Palacky
Olomouc Czech Repub 2005; 149(1): 3-27.

Ma J, Jones SH, Hecht SM. A dihydroflavonol glucoside from
Commiphora africana that mediates DNA strand scission. J Nat
Prod 2005; 68(1): 115-7.

Compaoré M, Lamien-Meda A, Mogosan C, Lamien CE,
Kiendrebeogo M, Vostinaru O, et al. Antioxidant, diuretic activities
and polyphenol content of Stereospermum kunthianum Cham.
(Bignoniaceae). Nat Prod Res 2011; 25(19): 1777-88.

Dastmalchi K, Damien Dorman HJ, Laakso I, Hiltunen R. Chem-
ical composition and antioxidative activity of Moldavian balm
(Dracocephalum moldavica L.) extracts. LWT Food Sci Technol
2007; 40(9): 1655-63.

Lamien-Meda A, Lamien CE, Compaoré MM, Meda RN,
Kiendrebeogo M, Zeba B, et al. Polyphenol content and antioxi-
dant activity of fourteen wild edible fruits from Burkina Faso.
Molcules 2008; 13(3): 581-94.

Jaishree V, Ramdas N, Sachin J, Ramesh B. In vitro antioxidant
properties of new thiazole derivatives. J Saudi Chem Soc 2012;
16(4): 371-6.

Perjési P, Rozmer Z. Kinetic analysis of some chalcones and
synthetic chalcone analogues on the fenton-reaction initiated
deoxyribose degradation assay. Open Med Chem J 2011; 5: 61-7.
World Health Organization. World malaria report 2014. Geneva:
World Health Organization; 2014. [Online] Available from:
http://www.who.int/malaria/publications/world_malaria_report_
2014/wmr-2014-no-profiles.pdf [Accessed on 20th December,
2105]

Fawole OA, Amoo SO, Ndhlala AR, Light ME, Finnie JF, Van
Staden J. Anti-inflammatory, anticholinesterase, antioxidant and
phytochemical properties of medicinal plants used for pain-
related ailments in South Africa. J Ethnopharmacol 2010;
127: 235-41.

Vogl S, Picker P, Mihaly-Bison J, Fakhrudin N, Atanasov AG,
Heiss EH, et al. Ethnopharmacological in vitro studies on Austria's
folk medicine — an unexplored lore in vitro anti-inflammatory ac-
tivities of 71 Austrian traditional herbal drugs. J Ethnopharmacol
2013; 149(3): 750-71.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Aravindaram K, Yang NS. Anti-inflammatory plant natural prod-
ucts for cancer therapy. Planta Med 2010; 76: 1103-17.

Lee JH, Kim GH. Evaluation of antioxidant and inhibitory activ-
ities for different subclasses flavonoids on enzymes for rheumatoid
arthritis. J Food Sci 2010; 75(7): H212-7.

Bellik Y, Boukraa L, Alzahrani HA, Bakhotmah BA, Abdellah F,
Hammoudi SM, et al. Molecular mechanism underlying anti-
inflammatory and anti-allergic activities of phytochemicals: an
update. Molecules 2012; 18(1): 322-53.

Shahidi F, Ambigaipalan P. Phenolics and polyphenolics in foods,
beverages and spices: antioxidant activity and health effects — a
review. J Funct Foods 2015; 18: 820-97.

Roleira FM, Siquet C, Orru E, Garrido EM, Garrido J, Milhazes N,
et al. Lipophilic phenolic antioxidants: correlation between anti-
oxidant profile, partition coefficients and redox properties. Bioorg
Med Chem 2010; 18(16): 5816-25.

Khennouf S, Amira S, Arrar L, Baghiani A. Effect of some
phenolic compounds and Quercus tannins on lipid peroxidation.
World Appl Sci J 2010; 8(9): 1144-9.

Spencer JP, Vafeiadou K, Williams RJ, Vauzour D. Neuro-
inflammation: modulation by flavonoids and mechanisms of action.
Mol Aspects Med 2012; 33(1): 83-97.

Nile SH, Ko EY, Kim DH, Keum Y. Screening of ferulic acid
related compounds as inhibitors of xanthine oxidase and
cyclooxygenase-2 with anti-inflammatory activity. Rev Bras
Farmacogn 2016; 26(1): 50-5.

Lopez-Posadas R, Ballester I, Mascaraque C, Sudrez MD,
Zarzuelo A, Martinez-Augustin O, et al. Flavonoids exert distinct
modulatory actions on cyclooxygenase 2 and NF-kappaB in an
intestinal epithelial cell line (IEC18). Br J Pharmacol 2010;
160(7): 1714-26.

Hwang SW, Lee J, Shin J, Lee JY, Lee K, Jang DS. Inhibitory
effects of phenylpropanoids isolated from the bark of Ailanthus
altissima on COX-2 activity. Bull Korean Chem Soc 2012; 33(8):
2759-61.

Alshikh N, de Camargo AC, Shahidi F. Phenolics of selected lentil
cultivars: antioxidant activities and inhibition of low-density lipo-
protein and DNA damage. J Funct Foods 2015; 18: 1022-38.


http://refhub.elsevier.com/S2221-1691(16)30002-8/sref12
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref12
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref12
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref13
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref13
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref13
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref14
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref14
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref14
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref14
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref14
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref14
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref14
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref15
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref15
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref15
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref15
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref16
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref16
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref16
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref16
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref16
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref17
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref17
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref17
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref18
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref18
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref18
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref18
http://www.who.int/malaria/publications/world_malaria_report_2014/wmr-2014-no-profiles.pdf
http://www.who.int/malaria/publications/world_malaria_report_2014/wmr-2014-no-profiles.pdf
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref20
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref20
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref20
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref20
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref20
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref21
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref21
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref21
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref21
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref21
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref22
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref22
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref23
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref23
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref23
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref24
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref24
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref24
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref24
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref24
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref25
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref25
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref25
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref26
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref26
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref26
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref26
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref26
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref27
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref27
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref27
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref28
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref28
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref28
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref29
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref29
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref29
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref29
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref30
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref30
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref30
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref30
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref30
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref30
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref30
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref31
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref31
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref31
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref31
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref32
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref32
http://refhub.elsevier.com/S2221-1691(16)30002-8/sref32

	Antioxidative, anti-inflammatory potentials and phytochemical profile of Commiphora africana (A. Rich.) Engl. (Burseraceae) ...
	1. Introduction
	2. Materials and methods
	2.1. Plants
	2.2. Chemical material
	2.3. Apparatus and chromatographic conditions
	2.4. Extraction
	2.5. Biological investigations
	2.5.1. Inhibition of radical DPPH assay
	2.5.2. Inhibition of radical ABTS assay
	2.5.3. Reduction of iron III assay
	2.5.4. Lipid peroxidation inhibitory assay
	2.5.5. Desoxyribose degradation inhibitory assay
	2.5.6. Cyclooxygenase (COX) inhibition assay

	2.6. Phytochemical investigations
	2.6.1. TPC determination
	2.6.2. TFC determination
	2.6.3. Identification and quantitative determinations of polyphenols

	2.7. Data analysis

	3. Results
	3.1. Antioxidant activities
	3.2. Anti-inflammatory effect
	3.3. Phenolic and flavonoid contents
	3.4. Phenolic compositions analysis

	4. Discussion
	Conflict of interest statement
	Acknowledgments
	References


