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Abstract

This study is devoted to Musanga cecropioides (Urticaceae), a tropical plant whose leaves and root bark are used in
traditional medicine in the treatment of various pathologies. The objective of this work was to study qualitative and
quantitative composition of phenolic compounds in extracts of the leaves (McF) and root bark (McR) Musanga
cecropioides and to evaluate their antioxidant and anticholinesterase properties. Phytochemical screening using TLC
showed that the extracts contain, along with phenolic compounds such as coumarins, flavonoids and tannins, other
bioactive phytocompounds namely sterols, terpenes and alkaloids. Quantitative analysis of phenolic phytoconstituents
by spectrophotometry showed that contents of total flavonoids and polyphenols in leaves (7.753% and 119.389 mg EAG
/ g respectively) are higher than those in the root bark (1.41% and 105.944 mg EAG / g, respectively). The antioxidant
activity of total and selective extracts evaluated by FRAP and DPPH methods was found to be significant compared to
vitamin C. All the extracts of Musanga cecropioides showed good anticholinesterase activity with percentages of
inhibition of the acetylcholinesterase (AChE) ranging from 51.952 to 63.589%.
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1. Introduction

The Urticaceae family, with more than 2000 species of morphological diversity, is distributed in tropical and temperate
regions, with the majority of general and species in tropical Asia. They are herbaceous plants, usually deciduous and
sometimes creepers shrubs. The Musanga cecropioides (Urticaceae) species, widespread in the tropical forests of Africa
from Guinea to the Congo Basin [1], is a plant used in traditional medicine in West and Central Africa for the treatment
of pathologies such as constipation, rheumatism, cough, schizophrenia, lung infections, leprosy, high blood pressure and
malaria [2, 3]. Numerous scientific studies have shown that extracts from the various organs of M. cecropioides exhibit
hypotensive, hypoglycemic, antidiabetic, antidiarrhoeal and antibacterial properties [4-7]. In Cote d'Ivoire, according to
information gathered from ethnobotanical surveys, the root bark of M. cecropioides are used to treat mental illnesses.
In view of this virtue of M. cecropioides, we took an interest in it, and this, by considering studying chemical composition
of its organs and their inhibitory activity of acetylcholinesterase (AChE). Phytocompounds such as alkaloids, terpenoids,
cardiac glycosides, saponins and coumarins have a beneficial effect on the central nervous system by increasing the
activation of cholinergic neurons and stimulating cognitive functions such as acetylcholinesterase inhibitors (AChE) [7,
8]. This makes it possible to consider them promising in the prevention of neurodegenerative diseases of the Alzheimer
type. Indeed, cholinergic deficiency is a hallmark of Alzheimer's disease (AD), which is associated with the selective
death of cholinergic neurons in the initial stages of the disease [9]. We know that the brain is more sensitive to damage
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caused by free radicals than other tissues. The effectiveness of antioxidant system in the brain gradually decreases with
aging, and in the brains of patients with AD, this decrease occurs even more strongly. All of this determines the
advisability of using natural antioxidants in the prevention and treatment of AD [10].

2. Material and methods

2.1. Plant material

The plant material consists of the leaves and root bark of M. cecropioides (Cecropiaceae) collected in Zokolilié (Lakota,
south-western Cote d'Ivoire), and identified at the National Floristic Center (CNF) of Abidjan under the No. 17543. After
cleaning with water and drying in a ventilated room for 15 days, the organs were pulverized using an electric grinder

and kept in tightly closed glass jars.

2.2. Preparation of extracts

20 g of powder macerated in 150 ml of MeOH (80% v / v) for 24 hours. The operation is repeated three times. After
reduction by simple distillation, 2/3 of the filtrate is kept in an oven at 50°C for 24 hours to obtain the total
hydromethanolic extracts of the leaves (McF) and of the roots (McR). A selective liquid / liquid extraction of 1/3 of the
filtrate was carried out with solvents of increasing polarity to obtain the extracts with hexan (McF! McR!), chloroform
(McF" McRY), ethyl acetate (McF McR!) and n-butanol (McFV McRY)).

2.3. Qualitative analysis by TLC

The phytochemical screening was carried out on chromatoplates (aluminum support, silica gel 60 F254, thickness 0.2
mm; Merck) according to the identification methods taken from the literature [11-13]. The different developing agents
used are: n- CeHi4 / AcOEt, 6: 1.5 (v / v) for the hexane extracts; CHCl3 / AcOEt / n-CsH14, 5: 5: 2.5 (v / v / v) and CHCl3
/ AcOEt / n-C6H14, 5: 5: 7.5 (v / v / v) for the chloroform extracts; (CHCI3 / AcOEt / CH3COOH, 4: 5: 2 (v / v / v) ethyl
acetate extracts and MeOH / CH3COOH, 4: 0.5 (v / v) n-butanol extracts.

Depending on type of secondary metabolites to be revealed, specific reagents used are Liebermann-Biirchard reagent
for sterols and terpenes; sulfuric vanillin; Godin's reagent for sterols, terpenes and flavonoids, 5% (v / v) methanolic
KOH for coumarins; AICI3 for flavonoids; Dragendor’ff's reagent for alkaloids; 2% (v / v) FeCl3 for tannins and phenolic
compounds.

2.4. Quantitative analysis

2.4.1. Determination of total phenols (PT)

PT was quantified in the crude extracts (McF and McR) by the spectrophotometric method [14]. 1 ml of extract diluted
1 / 50 added 1.5 ml of a solution of NazCO3 (17%, m / v) and 0.5 ml of Folin-Ciocalteu reagent (0.5 N). The whole is
incubated at 37°C for 30 min and the absorbance read at 720 nm against a blank without extract taken as a reference. A
calibration with different concentrations of gallic acid (from 1.95 pg / ml to 62.5) is carried out under the same
conditions. The PT contents are calculated according to formula (1) and expressed in pug equivalent of gallic acid per g
of dry matter (ug EAG / g DM).

PT=(VxCxd)/m(1)

V: volume of the crude extract (ml); C: mean concentration (ug / ml); d: dilution factor; m: mass of the pulverized dry
matter (g).

2.4.2. Determination of total flavonoids (FT)

The quantification of FT is performed by spectrophotometry [15, 16]. To 2 ml of each crude extract diluted to 1 / 20th
were added 100 pl of NEU reagent, the absorbance is measured at 404 nm and compared to that of quercetin (0.05 mg
/ ml) taken as standard. The percentage of FT is calculated according to expression (2) and converted into ug equivalent
of gallic acid per g of dry matter (ug EAG / g DM)

% FT =[(0,05 x Aextx d) / Agx Cext] x 100 (2)

Aext: Absorption of the extract; Aq: Absorption of quercetol; Cext: Concentration of the extract (2.5 mg / ml); d: dilution
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2.4.3. Dosage of tannins

Hydrolyzable tannins (TH)

This method is based on the formation of the violet-red coloring complex between tannins and iron trichloride (FeCls),
the absorbance of which is read with a UV-visible spectrophotometer (Analytic AL800) [17]. 0.4 g of powder are
macerated in 20 ml of MeOH (80%) for 18 h. To 1 ml of the macerate are added 3.5 ml of a solution of FeCl3 (0.01 M in
0.001 M HCI) and the absorbance is read at 660 nm. The TH content is calculated to formula (3):

TH (%) = (Abs x M x V) / E mole x P (3)

Abs: absorbance, E mole: 2169 of gallic acid (constant expressed in mole), M: mass = 300, V: volume of the extract used,
P: mass of the sample.

Condensed tannins (TC)

To 400 pl of sample (0.5 mg / ml) are added 1.5 ml of vanillin solution (4% in MeOH) and 0.8 ml of concentrated HCL
After 15 min of incubation, the absorbance is read at 500 nm [18, 19]. The TC contents are deduced from the calibration

curve produced with the catechin (0-150 pg / ml) and expressed in pg of catechin equivalent per mg of dry extract (ug
ETC / mg).

2.5. Evaluation of the antioxidant potential by spectrophotometry

DPPH test

The antioxidant activity is evaluated by the reduction of the DPPH radical according to the methodologies described in
the literature [20, 21]. The reference antioxidant used is ascorbic acid (vitamin C) prepared under the same conditions
as the samples.

FRAP test

The method is based on the reduction by the antioxidant of the ferrous tripyridyltriazine complex TPTZ-Fe3*to TPTZ-
Fe2+ of blue color, the absorbance of which is read at 593 nm with a UV-visible spectrophotometer (Analytic AL800).
The standard curve was constructed from the Trolox calibration curve. The results are expressed in mM Trolox
equivalent [22, 23].

2.6. Evaluation of anticholinesterase activity

The inhibition of acetylcholinesterase (AChE) evaluated to methods described literature [24, 25]. 10 pl of AChE (1 U /
ml) and 150 pl of methanolic extract (2 mg / ml) and 1.80 ml of Tris-HCI buffer. The whole was incubated at 37 ° C for
15 min. Subsequently, 20 ul DTNB (0.01M) and 10 pl ATCI (75 mM) was added, and incubated at room temperature for
5 min. The control mixture (150 pl of galanthamine (Reminyl®) and a blank (150 pl of MeOH) was prepared under same
conditions as the extracts. The absorbances was read with a spectrophotometer at 412 nm every 30 s for 6 min. AChE
inhibition (I) calculated as a percentage (%) to formula:

I (%) =100 - [(Absorbance extract / Absorbance control) x 100] (4)

3. Results and discussion

3.1. Phytochemical profile of selective extracts

The phytochemical screening by TLC of the selective extracts of. M cecropioides has shown the presence of several
phytocompounds using appropriate specific developers (Table 1). Liebermann-Biirchard and Godin reagents and
sulfuric vanillin demonstrated sterols, terpenes, oleanan-type triterpenes and ursane in hexane and CHCI3 extracts [11].
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Table 1 Phytocompounds identified by TLC in the selective extracts

Extracts Rf extracts, color, family of compound possible

0,02 Vie:Ter; 0,10 Bre*]J¢™ :St; 0,18 Bre'J¢™ :St; 0,25 Vide™:Ter; 0,34 Vie™ :Ter;
0,37 :Vid*e™:Ter ; 0,41 B<":St; 0,49 O<™ Vid*:TrL; 0,54 Vi¢® R<*:TrOU; 0,58 B<

!
McR Re**:TrOU; 0,60 Ve* Bd*:St; 0,63 Be Re™: TrOU; 0,67 Br¢* J<**:St; 0,70 Vic*: Ter; 0,75
Vid“e™:Ter; 0,8 Bd*e*; St; 0,83 J<**:St; 0,92 Bre* Bd*e*: St
Hexan
0,02 Vie™:Ter ; 0,18 Br¢* Bd*:St; 0,25 R™:TrOU; 0,28 Vi-O¢"; Ter; 0,33 Vice™ :Ter;
McF! 0,35 04":Ter; 0,41 Vie™:Ter; 0,46 Vid: Ter; 0,47 V-J<:St; 0,50 Re™:TrOU; 0,53

0d*:Ter; 0,58 Ve*:St; 0,60 Re™: TrOU; 0,63 Bd*:St; 0,70 Vi¢*:Ter; 0,78 Vid* :Ter; 0,83
Vie™:Ter; 0,85 Vie™:Ter; 0,92 Vie*™:Ter

0,02 Vie™:Ter; 0,1 Brc*:St; 0,18 Bre*:St; 0,25 Vid*e™:Ter; 0,28 B¥*:Cou ; 0,33 Vid*:Ter;
McR" | 0,37 Vid*e™: Ter; 0,41 Bre :St; 0,45 Vib™:Anth; 0,49 O<™ Vid“e*:TrL; 0,60 V¢* Bd*:St;
0,67 J¢*:St; 0,74 Vid*™:Ter; 0,80 Bd*e*:St; 0,83 J¢:St; 0,85 VP*™:Cou; 0,92 Vid*e™ :Ter

CHCls 0,18 Vid*e*:Ter; 0,25 Vide™:Ter; 0,28 Vi-0¢" :Ter; 0,33 Vie™ :Ter; 0,35 0¢*:Ter; 0,37
e | RETITIOU; 0,41 Vie™ :Ter; 0,47 J-Ve": St; 0,53 0% Ter; 0,57 V<":St; 0,58 Gr-0%":Ter ;

0,60 Be':St; 0,74 Bb*:Cou; 0,79 Vib*:Cou; 0,80 Vic:Ter; 0,83 Vie™ :Ter; 0,88
Vie™:Ter; 0,92 Vid*e™:Ter; 0,95 ViP™ :Cou

McR" | 0,02 O :Al; 0,05 Gri*:Tan ; 0,24 J&*: Fl

AcOEt MCcF!l! 0,02 J&":FlI; 0,05 Gr*:Tan ; 0,24 J¢*: Fl; 0,16 Gri*:Tan; 0,22 J&*: Fl; 0,33 Bs":Fl; 0,37
Be™:Fl; 0,47 Be™:Fl

McRV | 0,02 0": Al; 0,05 Gr*:Tani; 0,24 J&":F]

n-BuOH MCcF!V 0,02 J&*:F1; 0,05 Gri*:Tan ; 0,24 J¢*:Fl; 0,16 Gri*:Tan ; 0,22 J&*:F1 ; 0,33 Bs™:Fl ; 0,37
Be™:Fl; 0,47 Bs™:Fl
] / yellow; Vi / violet; O / orange; B / blue; V / green; R / red; Jv / Yellow-green; Br / brown; Gr / Gray; Anth / Anthracene; St / sterol; Ter /
Terpene; TrL / Triterpene of lupane type, TrOU / Triterpene of oleanane and ursane type; Fl / Flavonoid; Neck / Coumarin; Al / Alkaloid; Tan /

Tannins; b / KOH; ¢ / Libermann-Buchard; d / Sulfuric vanillin; e / Godin; g / AlCls; h / Dragenddor’ff; i / FeCl3; * / visible to the naked eye; ** / at
UV 365 nm

The yellow molecular fingerprints perceptible to the naked eye (Table 1) revealed by 5% (w / v) of methanolic KOH
solution indicate the presence of coumarins. This coloration may intensify or turn blue or green under UV light / 365
nm [11, 13]. KOH solution (5%) allow to identify 1, 2-dioxyanthracene (Rf = 0.45) under UV at 365 nm as a purple spot
in the CHCIs extract of the root bark. [11]. The alkaloids, flavonoids and condensed tannins were revealed in the AcOEt
and n-BuOH extracts. Indeed, Dragenddor’ff’s reagent revealed alkaloids in orange spots, while AlCl3 revealed flavonoids
in yellow to the naked eye and blue under UV / 366nm. Condensed tannins were detected by FeCls as gray spots [13].
Comparing our results with those of studies of extracts from the bark of the trunk of M. cecropioides from Nigeria, we
observed some similarity in the presence of tannins, flavonoids and alkaloids [26]. In addition, Togolese researchers
have also shown the presence of phenols, coumarins, tannins, flavonoids and alkaloids in the leaves and in the stem bark
of the species from Gabon [27].

3.2. Total phenols and flavonoids content

The PT content is obtained from the linear regression equation for gallic acid (y = 0.0232 x + 0.0002; Rz = 0.9983) and
expressed in g EAG / g DM. The values obtained show that the leaf extract (McF) contains more PT (119.389 mg EAG /
g) compared to the McR root bark (105.944 mg EAG / g) (Figure 1). The FT contents are also higher in the leaves
(7.753%) than in the root bark (1.41%).

A study carried out on the leaves and stem bark of the species from Gabon showed the contents of total phenols (40.69
+ 6.43 and 40.26 + 3.12 mg / g, respectively) lower compared to to those found in our case [27]. In general, the PT and
FT are higher in the leaves than in the stems and roots, which is explained by the fact that the synthesis of flavonoids
occurs under UV irradiation, therefore in the part of the plant. The most exposed to solar rays [28, 29].
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Figure 1 Content of total polyphenols and flavonoids

3.3. Hydrolyzable (TH) and condensed (TC) tannin content

In plants, TH and TC occur simultaneously, with the predominance of one class. In our case, the quantification of the
tannins showed that TH and TC are present in two parts of M. cecropioides with the predominance of TC (Figure 2).
Previously, depending on the result of the reaction with FeCl3 solution, TC was found to predominate in the study
extracts (Table 1). However, the highest tannin content is found in the aerial part of M. cecropioides, the lowest in its
underground part. Tannins in significant quantities accumulate, mainly in underground organs, in the bark and wood
of trees and shrubs, less often in the leaves (green and black tea, strawberry, bramble, raspberry) [30]. Knowing that
these leaves are great classics of herbalists thanks to their richness in tannins, we can also recommend using the leaves

of M. cecropioides in the form of herbal teas.

TH IC 60167
0.150 470
En 0.103 Eﬂ
5 0100 B McR 5 05 EMCR
4 ol 460.417
: [] : I
0.000 455
Mc.R McF MC.R MC.F
Extracts Extracts

Figure 2 Hydrolyzable (TH) and condensed (TC) tannin content

3.4. Antioxidant DPPH and FRAP profiles

There are different methods for determining the antioxidant activity (AOA) of plant extracts. The use of a single method
does not give a reliable result and the data obtained by different methods are not always comparable [31]. In this regard,
in this work, we have used two methods for the determination of the antioxidant activity of crude and selective extracts
of the leaves and root bark of M. cecropioides: the method based on the interaction of antioxidants with the 2,2-
diphenyl-1-picrylhydrazyl radical (DPPH) and the FRAP method based on the determination of the reducing capacity of
extracts when they interact with the Fe complex with tripyridyltriazine. The results of the measurements are shown in

Figures 3 and 4.

The higher percentages of reduction of the DPPH radical were observed for the crude extracts McR (15.35-72.70%),
McF (15.35-72.70%), ethyl acetate McR! (66.78-81.41%), McF (60.59-85.26%) and n-butanol McR (34.91-82.20%),
McFWV (48.87-69.61%). The reduction of DPPH by these extracts is dose-dependent (Figure 3). However, the values
obtained are lower than that of vitamin C (49.49-88.49%), taken as standard. For a better appreciation of this potential,
the median concentration of sample which reduces 50% of the DPPH® (CRso) was determined and the values are
recorded in Table 2. This value is all the more important (effective), if the graphically determined CRso is small.
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Figure 3 Percentages of reduction of DPPH® by crude and selective extracts

Table 2 CRso values of crude and selective extracts

Bruts Hexan CHCI3 AcOEt n-BuOH Vit C
Mc.R 0,0465 0,3022 0,0099 0,0217
>0,5 0,0027
Mc.F 0,0088 0,1996 0,0123 0,0132

The extracts with AcOEt and n-BuOH of two studied organs of M. cecropioides have CRso values close to the value of
vitamin C. This anti-free radical potential could be explained by the presence of phenolic compounds such as flavonoids,
coumarins and tannins in these extracts (Table 1; Figures 1 and 2). The results obtained agree with those obtained
with the extract of the root bark and leaves of the species from Gabon which respectively presented CRso equal to 0.29
+0.02 pg / mland 6.36 + 0.89 pg / ml [27].

The FRAP test made it possible to evaluate antioxidant activity in vitro by measuring their reduction potential from Fe3*
to Fe?* [32] as a function of the calibration line of Trolox (standard antioxidant) y = 0.9864 x + 0, 0353 (R? = 0.9884).
The antioxidant activity of extracts of M. cecropioides, determined by their reducing power and that of quercetin
(standard) are illustrated by histograms in Figure 4.

400 350.690
2 300
& %
2 & EMCR
B 200
F = 110.374 126.933 MC.F

100 . Quercétine
0

MC.R MC.F Quercétine

Extraits végétaux et standard

Figure 4 Reducing power of Fe3* by extracts and quercetin

Leaf extracts (126.933 uM TE / g MS) have the ability to reduce Fe is slightly higher compared to that of root bark
(110.374 puM TE / g MS). This difference is due, in fact, to the maximum quantity of phenolic compounds recorded in the
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leaves (Figures 1 and 2). Indeed, FRAP antioxidant activity could be linked to the presence of these compounds because
they are antioxidants recognized by their reducing power [32]. However, the antioxidant activity of the study extracts
is lower than that of quercetin (359.690 uM TE / g MS). Also, the FRAP antioxidant activity of M. cecropioides is lower
than that of the leaves of different varieties of green tea (272-1144 uM TE / g) [33].

As aresult of this study, it was found that regardless of the method used (DPPH or FRAP), the extract of the leaves of M.
cecropioides showed higher antioxidant activity than that of its root bark. The leaves of M. cecropioides can be considered
a source of phenolic antioxidants.

3.5. Anticholinesterase activity

The inhibitory activity from 0 to 360s of the extracts of M. cecropioides tested on AChE gave more or less variable
percentages of inhibition (PI) compared to Reminyl® (Galanthamine, commonly used reference alkaloid) (Figure 5).

Hexan extracts Chloroform extracts
80 30
o0 MC.F
MCF AL
& 40 e 40 .
=MCR & =MC.R
1] 0
0 30 60 90 120150180210240270300330360 0 30 60 90 120150180210240270300330360
Time (5} Time (5)
ethyl acetate extracts n-butanolic extracts
T4 - 80
72
70 60
[ 40 MC.F
o a6 [ E mMCR
= 2‘: 20 Gal.
o o AN AEL AR AO R
TRITETFETERIIE22a 0 30 60 90 120150180210240270300330360
—EEa28aa®Ré
. Time {5}
Time (5)
Crude extracts
80
60 MCF
= 40 sMCR
B o
20 Gal
0

0 30 60 20 120150180210240270300330360

Time (5)

Figure 5 Anticholinesterase activity of crude and selective extracts of M. cecropioides

The hexane (McF!) and n-butanol (McF") extracts from the leaves showed variable PI values with a maximum inhibition
of over 62%. The Pls recorded for chloroform extracts (McF!) are the lowest and vary between 27 and 33%. As for the
AcOEt extracts, they showed maximum inhibition of the AChE enzyme (McR": 67.510 - 68.780% and McF!: 65.633 -
67.160%). Also, the n-BuOH leaf extract (McFV) recorded high PIs (61.459 - 62.442%). By comparing the inhibitory
activity of the AChE enzyme by extracts tested with that shown by galanthamine (69.380 - 73.098%), we can say that
the extracts with AcOEt and n-BuOH signed a good anticholinesterase activity, which could be due to the synergistic
action of the phytocompounds present in the extracts tested (Table 1; Figures 1 and 2). Indeed, the extracts contain
secondary metabolites such as alkaloids, terpenoids, coumarins, flavonoids and tannins which are the main families of
compounds recognized as AChE inhibitors [8, 33].

4, Conclusion

The results of our study showed that extracts from the leaves and root bark of M. cecropioides contain several bioactive
phytocompounds which are responsible for their DPPH and FRAP antioxidant activities with overt AChE enzyme
inhibitory activity. These results could explain the therapeutic virtues widely attributed to this species in
unconventional medicine.

100



GSC Biological and Pharmaceutical Sciences, 2021, 16(02), 094-102

Compliance with ethical standards

Acknowledgments

We would like to thank LCBOSN for allowing us to carry out this work.

Disclosure of conflict of interest

The authors declare no financial or any other conflicts of interest in this work.

References

[1]

[2]

[10]

[11]

[12]

[13]

[14]

[15]

Prota 2021. https://uses.plantnet-project.org/en/Musanga cecropioides (PROTA). Plant ressources of tropical
Africa.

Akendengué B, Louis AM. Medicinal plants used by the Masango people in Gabon. Journal of Ethnopharmacology.
1994; 41: 193-200.

Fomogne FMCY, Van VS, Ndinteh DT, Krause RWM, Olivier DK. Antibacterial activities of plants from Central
Africa used traditionally by the Bakola pygmies for treating respiratory and tuberculosis related symptoms.
Journal of Ethnopharmacology. 2014; 155: 123-131.

Adeneye AA, Ajagbonna OP, Ayodele OW. Hypoglycemic and antidiabetic activities of the stem bark aqueous and
ethanol extracts of Musanga cecropioides in normal and alloxan-induced diabetic rats. Fitoterapia. 2007; 78 (7-
8): 502-505.

Owolabi 0], Ayinde BA, Nworgu ZA, Ogbonna O0. Antidiarrheal evaluation of the ethanol extract of Musanga
cecropioides stem bark. Methods and findings in experimental and clinical pharmacology. 2010; 32(6): 407-411.

Ayinde BA, Omogbai EKI, Onwukaeme DN. Hypotensive effects of 3,4-dihydroxybenzyaldehyde isolated from the
Phytochemistry stem bark of Musanga cecropioides. Journal of Pharmacognosy and Phytotherapy. 2010; 1(1):
004-0009.

Liu L, Hoang-Gia T, Wu H, Lee MR, Gu L, Wang C, Yun BS, Wang Q, Ye S, Sung CK. Ginsenoside Rb1 improves spatial
learning and memory by regulation of cell genesis in the hippocampal subregions of rats. Brain Research. 2011;
1382: 147-154.

Lee DG, Lee ], Cho IH, Kim HJ, Lee SW, Kim YO, Park CG, Lee S. Ginsenoside Rg12, a new dammarane-type
triterpene saponin from Panax ginseng root. Journal of Ginseng Research. 2017; 41: 531-533.

Lane RM, Potkin SG, Enz A. Targeting acetylcholinesterase and butyrylcholinesterase. International Journal of
Neuropsychopharmacology. 2006; 9 (1): 101-124.

Moreira PI, Siedlak SL, Aliev G, Zhu X, Cash AD, Smith MA, Perry G. Oxidative stress mechanisms and potential
therapeutics in Alzheimer disease. Journal of Neural Transmission. 2005; 112(7): 921-932.

Georgievskii BP, Komissarenko NF, Dmitrour CE. Bioactive compounds of medicinal plants. Editions Naouka.
1990; 336.

N’gaman KCC, Békro YA, Mamyrbékova-Békro JA, Bénié A, Gooré S. On the secondary metabolite composition and
the antioxidant activity of crude extracts of Gmelina arborea Roxb. (Verbanaceae) from Cote d’'Ivoire, West Africa:
analysis by thin layer chromatography. European Journal of Scientific Research. 2009; 36(2): 161-171.

Kabran GRM, Ambeu NC, Mamyrbékova-Békro JA, Békro YA. CCM d’extraits sélectifs de 10 plantes utilisées dans
le traitement traditionnel du cancer du sein en Cote d’Ivoire. European Journal of Scientific Research. 2011;
63(4): 592-603.

Heilerova L, Buckova M, Tarapcik P, Silhar S, Labuda ]. Comparison of antioxydative activity data for aqueous
extracts of Lemon balm (Melissa officinalis L.), Oregano (Origanum vulgare L.), Thyme (Thymus vulgaris L.), and
Agrimony (Agrimonia eupatoria L.) obtained by conventional methods. Czech Journal Food Science. 2003; 21(2):
78-84.

Hariri EB, Sallé G, Andary C. Involvement of flavonoids in the resistance of two poplar cultivars to mistletoe
(Viscumalbum L.). Protoplasm. 1991; 162(1): 20-26.

101


https://uses.plantnet-project.org/en/Musanga_cecropioides_(PROTA)

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

GSC Biological and Pharmaceutical Sciences, 2021, 16(02), 094-102

Kabran GRM. Etude chimique et cytotoxique de dix plantes de Céte d'Ivoire, utilisées dans le traitement
traditionnel du cancer du sein. These de Doctorat, Université Nangui Abrogoua, Cote d’'Ivoire. 2014; 207; 84.

Dif MM, Benchiha H, Mehdadi Z, Benali-Toumi F, Benyahia M, Bouterfas K. Quantitative study of polyphenols in
different organs of the species Papaver rhoeas L. Phytotherapy. 2015; 13(5): 324-319.

Broadhurst R, Jones WT. Analysis of condensed tannins using acidified vanillin. Journal of the science of food and
Agriculture. 1978; 28: 788-794.

Heimler D, Vignolini P, Giulia DM, Vincieri F, Rmani A. Antiradical activity and polyphenol composition of local
Brassicaceae edible varieties. Food Chemistry. 2006; 99(3): 464-469.

Kabran GRM, Ambeu NC, Mamyrbékova-Békro JA, Békro YA. Total phenols and flavonoids in organic extracts
from ten plants used in traditional breast cancer therapy in Cote d'Ivoire. European Journal of Scientific Research.
2012; 68(2): 182-190.

Tanoh SK, Kadja BA, N’gaman-Kouassi KC, Boa D, Mamyrbekova-Békro JA, Békro YA. DPPHe Scavenging Activity
of Mallotus oppositifolius: A Kinetic Study. European Journal of Scientific Research. 2019; 153(2): 196-206.

Benzie IF, Strain ]. The Ferric Reducing Ability of Plasma (FRAP) as a Measure of Antioxidant Power: The FRAP
Assay. Analytical biochemistry. 1996; 239(1): 70-76.

Gong ], Huang], Xiao G, Chen F, Lee B, You Y, Liu S, Zhang Y. Antioxidant Capacities of Fractions of Bamboo Shaving
Extract and Their Antioxidant Components. Molecules. 2016; 21(996): 1-14.

Ellman GL, Lourtney DK, Andres V, Gmelin G. A new and rapid colorimetric determination of acetylcholinesterase
activity. Biochemical Pharmacology. 1961; 7(2): 88-95.

Demirci B, Temel HE, Yusufoglu HS, Bernier UR, Tabanca N, Agramonte NM, Alqasoumi SI, Al-Rehaily A], Can
Baser KH, Demirci F. Rhanterium epapposum Oliv. Essential oil: Chemical composition and antimicrobial, insect-
repellent and anticholinesterase activities. Saudi Pharmaceutical Journal. 2016; 25: 703-708.

Adeneye AA, Ajagbonna OP, Adeleke TI, Bello SO. Preliminary toxicity and phytochemical studies of the stem bark
aqueous extract of Musanga cecropioides in rats. Journal of Ethnopharmacology. 2006; 105: 374-379.

Tchouya GRF, Nantia EA. Phytochemical analysis, antioxidant evaluation and total phenolic content of the leaves
and stem bark of Musanga cecropioides R.Br. ex Tedlie (Cecropiaceae), growing in Gabon. Journal of
Pharmacognosy and Phytochemistry. 2015; 3(5): 192-195.

Gehin A, Guyon C, Nicod L. Glyphosate-induced antioxidant imbalance in HaCaT: The protective effect of Vitamins
C and E. Environemental Toxicology and Pharmacology. 2006; 22: 27-34.

N’Guessan AHO, Dago DCE, Mamyrbékova-Békro JA, Békro YA. Phenolic compounds content of 10 medicinal
plants used in traditional therapy of arterial hypertension, an emerging pathology in Céte d'Ivoire. Industrial
Engineering Journal. 2011; 6: 55-61.

https://www.altheaprovence.com/les-tanins-partie-1/, consulted on 12.06.2021
Blois MS. Antioxidant determination by the use of stable free radical. Nature. 1958; 181: 1199-1200.

Hinneburg [, Dorman HJD, Hiltunen R. Antioxidant activities of extracts from selected culinary herbs and spices.
Food chemistry. 2006; 97(1): 122-129.

Benzie IFF, Szeto YT. Total Antioxidant Capacity of Teas by the Ferric Reducing / Antioxidant Power Assay.
Journal of Agricultural and Food Chemistry. 1999; 47(2): 633-636.

Tsupko TG, Petrakova IS, Brilenok NS, Nikolaeva NA, Tchouprynina DA, Temerdashev ZA, Vershinin VI.
Determination of the total antioxidant content by the FRAP method. Analytics and Control. 2011; 15(3): 287-298.

Cardoso-Lopes EM, Maier JA, Rogério da Silva M, Regasini LO, Simote SY, Lopes NP, Pirani JR, da Silva Bolzani V,
Marx Young MC. Alkalo Englids from Stems of Esenbeckia leiocarpa (Rutaceae) as Potential Treatment for
Alzheimer Disease. Molecules. 2010; 15(12): 9205-9213.

102



