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ABSTRACT
The erection has always symbolized strength and virile health. Erectile dysfunction is undoubtedly a concern as old as huma nity. Tamarindus
indica L., Guiera senegalensis J.F.Gmel and Ximenia americana L. are commonly used in the traditional treatment of erectile dysfunction by the
Bwa community in Mali. The aim of this study was to measure the total polyphenols and flavonoids and then to evaluate the antirad ical activity
of the extracts (aqueous and hydroalcoholic macerated and decocted) of the organs of these species. The study found that for all species, the
hydro-alcoholic macerated extract showed the best results. The polyphenol contents have been 36.85±0.21 mgGAE/g; 32.60±0.25 mgGAE/g
and 29.79±0.51 mgGAE/g for Ximenia americana, Tamarindus indica and Guiera senegalensis respectively. The flavonoid contents have been
22.03±0.15 mgQE/g; 17.53±0.02 mgQE/g and 8.03±0.03 mgQE/g for Ximenia americana, Tamarindus indica and Guiera senegalensis
respectively. The antiradical activity expressed in IC 50 is 37.54±0.75 µg/mL; 52.75±0.71 µg/mL and 54.66±1.14 µg/mL for Ximenia americana,
Tamarindus indica and Guiera senegalensis respectively. This study revealed that those plants are rich in total polyphenols and show a good
antiradical activity. This wealth would justify their traditional use. The biological tests would be necessary to confirm their use in the treatment
of erectile dysfunction.
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INTRODUCTION
Originally, nature was made up of plant life and used as food
for animals feeding and humans’ nutriment. However, in
addition to this nutritional role, peoples discovered several
other functions that plants could provide, such as the healing
power of plants. In Africa the healing power of plants has
been known since ancient times. Erectile dysfunction is
defined as "a persistent or recurrent disability of a man to
achieve or maintain a sufficient erection of the penis for
sexual activity" 1. Psychological and physiological factors and
certain classes of drugs induce the production of a large
quantity of free radicals that cause oxidative stress, resulting
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in a decrease in sexual performance 2, 3, 4, 5. To alleviate these
disorders numerous treatments using synthetic molecules,
such as type 5 phosphodiesterase inhibitors, are currently
proposed 6. However, the high cost of these products, as well
as the secondary effects they induce, give new impetus to
natural substances in plants that are reputed to be
aphrodisiacs 7, 8, 9. Studies have shown that many secondary
metabolites such as alkaloids, tannins, terpenes, saponins
and flavonoids have aphrodisiac effects 10, 11, 12. Some erectile
disorders have a vascular origin due to the diseases such as
diabete and hypertension or stress related origin4, 2. The
action of anti-hypertensive and anti-diabetic compounds
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such as tannins, saponosides and flavonoids could be taken
into account in the restoration of the erection if the cause is
eliminated 13. Many compounds such as the polyphenols are
powerful antioxidants that can help to reduce the effect of
oxidative stress. The Bwa community in Mali are living in the
area called the Bwatun, located in south-eastern Mali. In this
area the local population makes extensive use of medicinal
plants, and gender issues remain a taboo 9. An
ethnobotanical survey conducted by 9 revealed that the
species Tamarindus indica, Guiera senegalensis and Ximenia
americana are commonly used in the traditional treatment of
erectile dysfunction in the Bwatun area. They also showed
that these plants are very rich in secondary metabolites.
Polyphenols are natural compounds that are widespread in
the plant kingdom and are becoming increasingly important,
particularly due to their beneficial effects on virile health. In
this context, the present study set itself the objective of
measuring total polyphenols and flavonoids and then
evaluating the antiradical activity of extracts of these three
plants (Tamarindus indica, Guiera senegalensis and Ximenia
americana).

MATERIAL AND METHODS

430 nm. All the manipulations are repeated 3 times. Under
the same conditions, a calibration range is carried out with
quercetin (5; 10; 20; 40; 80 µg/mL) following the same
dosing steps. The quantity of flavonoids is determined from
the regression line of the calibration lines. The results are
expressed in milligram quercetin equivalent per gram of
extract (mg QE/g).
Antioxidant Activity
Characterisation of Antioxidant Activity by Thin Layer
Chromatography (TLC)
Antioxidant activity was characterised by TLC using the
DPPH reagent (2,2-DiPhenyl-1-Picryl-Hydrazyl) according to
the protocol described by 18. The system was composed of
Butanol - Acetic Acid - Water (BAW) in the proportions (7 : 1
: 2 v/v/v). Ten microliters (10µl) were deposited as a dot 1
cm apart and located approximately 1 cm from the bottom of
the G60F254 0.2 mm silica plate. The antioxidant activity of
the plants is characterised by the appearance of yellow
stripes on a purple background on the TLC plate after
revelation by the 0.024% DPPH solution.
Evaluation of Antioxidant Activity by the DPPH method

Plant Materials
The plant material consisted of roots of Tamarindus indica
“So’o” and Guiera senegalensis “Suncawé” and the stem bark
of Ximenia Americana “Cocognanwé” The samples were
collected in the village of Mandiakuy (Bwatun area) in
September 2018. These plants were identified at the
Laboratory of Tropical Ecology of the Faculty of Science and
Technology. They were dried at room temperature (30-35°
C) and then reduced to powder. The powders obtained from
these organs were used for experimental studies.
Preparation of Extracts
We carried out an extraction on 5 g of the plant material with
50 mL of 80% methanol (MeOH) for 20 minutes at room
temperature (30-35°C), then filtered and recovered the
supernatant. We evaporated dry under vacuum with the
Rotavapor at a temperature of 45° C. We dissolved the
residue in 50 mL of 50% methanol and kept it cold for
analysis according to the modified protocol described by 14.
Dosage of Total Polyphenols

The DPPH (2, 2-diphenyl-1-picryl-hydrazyl) test according to
the method used by 19 with slightly modified was used to
evaluate the antioxidant activity of our extracts. 50 µL of
each extract solution to be tested with different
concentrations (12.5; 26; 40; 60; 80 µg/mL) are added to
1.95mL of the methanolic solution of DPPH (0.024 g/L). At
the same time, a negative control is prepared by mixing 50
µL of methanol with 1.95mL of the methanolic DPPH
solution. The absorbance reading was taken against a blank
at 517 nm after 30 min incubation in the dark and at room
temperature. The positive control is represented by a
solution of a standard antioxidant, ascorbic acid, whose
absorbance was measured under the same conditions as the
extracts and for each concentration the test was repeated 3
times. The antioxidant activity related to the scavenging
effect of the DPPH radical is expressed as percentage
inhibition (PI) calculated from absorbances obtained
according to the following formula:
[PI] = (A0-A1)/A0 x 100
A0=DPPH absorbance; A1: sample absorbance.

Polyphenols were determined by spectrophotometric
method using the Folin-Ciocalteu reagent according to the
protocol of 15, slightly modified by 16. Briefly, 500 µL of FolinCiocalteu reagent (diluted 10% in distilled water) was added
to 100 µL of extract with well determined concentrations.
Four (4) minutes later, 400µL of Sodium Carbonate (Na 2CO3)
at 75 mg/g are added to the reaction mixture. After a 2 hour
incubation at room temperature and protected from light,
the absorbance is read at 765 nm. The calibration line is
performed with gallic acid of concentration (0.8; 1.6; 2.4; 3.2;
4 µg/mL) following the same assay steps. The concentrations
of the phenolic compound are established from the
regression line of the calibration curve. The results are
expressed in milligram equivalent of gallic acid per gram of
extract (mg GAE/g). All manipulations are repeated 3 times.

The IC50 (concentrations that inhibit 50% of the DPPH
radical) were deduced from the linear regression line
obtained from the graph of the percentage inhibition of
DPPH
Data Analysis
Data processing was done using Excel® version 2013 and
Minitab 18.1 software. Analyses were run in triplicates and
the results were expressed as mean values with standard
error mean.. The single-factor ANOVA test using the Fisher
test was chosen to compare the polyphenol and flavonoid
contents and the antioxidant activity of different types of
extracts. P-values less than 0.05 were considered statistically
significant.

Dosage of Total Flavonoids

RESULTS

Flavonoids were determined by spectrophotometric method
using aluminium trichloride reagent (AlCl3) according to the
protocol described by 17. To 1 mL of extract, we added 1 mL
of the AlCl3 solution (2% in methanol). After 10 min
incubation, at room temperature and protected from light,
the absorbances were measured by a spectrophotometer at

Total Polyphenol and Flavonoid Contents
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The contents of total polyphenols and flavonoids are
summarised in the Table 1.
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Table 1: Summary of total polyphenol and flavonoid contents
Plants

Extract types

Total Phenols
(mgGAE/g)

Flavonoids
(mgQE/g)

AM

35,34±0,57B

20,0±0,26B

Ximenia

Dec

34,10±0,34C

19,7±0,08C

americana L.

HAM

36,85±0,21A

22,03±0,15A

AM

24,42±0,28G

12,23±0,06E

Tamarindus

Dec

28,70±0,41F

11,17±0,05F

indica L.

HAM

32,60±0,25D

17,53±0,02D

Guiera

AM

22,68±0,28H

4,77±0,05I

Senegalensis

Dec

25,12±1,25G

2,87±0,03H

J F G.

HAM

29,79±0,51E

8,03±0,03G

*Mean values (±SE) in column with different letters are significantly different (p < 0.05)
Legend: AM: Aqueous Maceration. Dec: Decoction. HAM: Hydroalcoholic Maceration.
All the polyphenol (mgGAE/g) and the flavonoid (mgQE/g)
contents differ from one solvent to another (p<0.05) and
from one plant to another (p<0.05). The highest contents of
polyphenols (36.85±0.21 mgGAE/g) and flavonoids
(22.03±0.15 mgQE/g) were obtained with hydroalcoholic
extracts of Ximenia americana. The hydro-alcoholic extract
has shown the best results in all plants. Ximenia americana
has presented the highest levels of polyphenols (36.85±0.21
mgGAE/g) followed by Tamarindus indica (32.60±0.25
mgGAE/g) and Guiera senegalensis (29.79±0.51 mgEAG/g).
Ximenia americana had the highest levels of flavonoids

(22.03±0.15 mgQE/g) followed by Tamarindus indica
(17.53±0.02 mgQE/g) and Guiera senegalensis (8.03±0.03
mgQE/g).
Antioxidant Activity
Characterisation of Antioxidant Activity by Thin Layer
Chromatography (TLC)
The Figure 1 shows the chromatogram of the antioxidant
activity of extracts of Tamarindus indica, Guiera senegalensis
and Ximenia americana.

Legend: AM: Aqueous Maceration. HAM: Hydroalcoholic Maceration. Dec: Decoction.
Figure 1: Chromatogram of the different extracts revealed to the DPPH
The yellow stains have been observed with all the extracts
and on all the plants, indicating the antiradical activity. The
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yellow spots observed with Ximenia americana are much
more remarkable.
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Evaluation of antioxidant activity by the DPPH method

Figure 2: Variation of IC50 by extracts and plant
The Figure 2 summarises the antioxidant activity of the
extracts of the three plants studied and this activity is
expressed in IC50. Analysis of these data showed that the
antioxidant power varies according to the solvent (p=0.4.1016) and and the species (p=0.35.10-15).
Extracts of Ximenia americana have an antiradical activity
similar to that of ascorbic acid. Methanolic extracts were
found to be more active than the other two types of extracts.

DISCUSSION
Ximenia Americana had the highest polyphenol content
(36.85±0.21 mgGAE/g) followed by Tamarindus indica
(32.60±0.25 mgGAE/g) and Guiera senegalensis (29.79±0.51
mgGAE/g). The results obtained in this study with the stem
bark of Ximenia americana are lower than those obtained
with its leaves, 43.10 mgGAE/mL 20. The data found with
Tamarindus indica are in agreement with those of 21 which
were 30.4±2 .6 mg/g with the hexanic extract of the stem
bark. 22 reached 58 mgEAG/g with the ethanolic extract of
the leaves of Guiera senegalensis, which is higher than ours.
As for the flavonoids, Ximenia americana has exhibited the
highest content with (22.03±0.15 mgQE/g) This content is
higher than that obtained by 23 with the butanolic extract of
the leaves, i.e. 10.02%. With Tamarindus indica, we attained
17.53±0.02 mgQE/g, a value higher than that found with the
hydroethanolic extract of the fruits, which was 8.3 mg/g 24.
In 2013, 22 obtained 36 mgQE/g with the ethanolic extract
from the leaves of Guiera senegalensis, which is higher than
ours (8.03±0.03 mgQE/g). Hydroalcoholic extracts showed
the highest antioxidant activity with IC50s of 37.54±0.75
µg/mL; 52.75±0.71 µg/mL and 54.66±1.14 µg/mL
respectively for Ximenia americana; Tamarindus indica and
Guiera senegalensis. The antioxidant power of Ximenia
americana is higher than that obtained by 20 which was 2.78
µg/ml with the methanolic extract of the leaves and lower
than that obtained by 25 which was 82.5±3.60 µg/ml with the
methanolic extract of the trunk bark. The antiradical power
obtained by 24 was 15 mg/ml with the hydroethanolic
extract of the pulp of the fruit of Tamarindus indica and is
higher than ours. Our results are higher than those obtained
by 25 which were 39.12 ± 4.1 µg/mL with the methanolic
extract of the leaves of Guiera senegalensis. The polyphenol
ISSN: 2250-1177
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compounds have a role as natural antioxidants that is
attracting increasing interest in the prevention and
treatment of inflammatory and cardiovascular diseases
26(Talbi et al., 2015). An ethnobotanical survey conducted by
9 revealed that the species of Tamarindus indica, Guiera
senegalensis and Ximenia americana are commonly used in
the traditional treatment of erectile dysfunction at Bwatun
area in Mali. They also showed that these plants are very
rich in secondary metabolites. Many studies have shown that
the flavonoids have the antioxidant properties and are
reported to raise androgen levels in animals; they may also
contribute to the observed aphrodisiac effect 27. The
saponins stimulate testosterone and sperm production 28.
The tannins are used to treat and cure haemorrhoids, which
are the main cause of sexual dysfunction 11. This study found
that those plants are rich in total polyphenols and have good
anti-free radical activity. These polyphenols could help
reduce the effect of oxidative stress and restore erection.

CONCLUSION
The present study shows that the root extracts of
Tamarindus indica and Guiera senegalensis and the stem bark
extracts of Ximenia americana are rich in total polyphenols
and present a good antiradical activity. This richness would
justify the use of these plants in the traditional treatment of
erectile dysfunction by the traditional practitioners. In the
hypothesis that the roots and stem bark of the plants could
be replaced by its leaves, to better preserve biodiversity, the
investigations should then be carried out to compare their
phytochemical compositions and their biological activities.
The biological tests would also be necessary to confirm their
use in the treatment of erectile dysfunction.
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