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Abstract: Background: From centuries of evolution, knowledge and technological progress for man-
kind to one day rediscover nature. Currently, the control of bacterial infections is becoming complex
due to the concern of antibiotic resistance, which has been a significant global health problem. The
aim was to determine and compare phytochemical constituents and in the in vitro evaluation of
antimicrobial and antioxidant activities of aqueous, methanol, acetate, dichloromethane extracts
from Cola acuminata nuts grown in the Nord Ubangi Province, DRC. Methods: The nuts of Cola
acuminata were harvested in April 2016 at Yakoma city, Nord-Ubangi, DRC. The microscopic fea-
tures of this species were performed in order to identify specific histological structures. Three bac-
terial strains notably Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 8739 and Pseudomonas
aeroginosa ATCC 9027 were used for the assessment of the antibacterial activity. The qualitative and
quantitative phytochemical screening were used for compound identification using different frac-
tions and fractions which presented a good extraction yield was used for further analysis. The anti-
oxidant activity was evaluated using ABTS and DPPH scavenging tests while the antibacterial ac-
tivity was performed using the diffusion method. Findings: The micrography of C. acuminata re-
vealed the presence of following histological elements of which: fibers, spiral vessels, trichomes,
ovoid starch grains, sclerenchyma and the fragments of endosperm. Only the methanol and aque-
ous extracts presented a good extraction yield. The phytochemistry shows the presence of flavo-
noids, anthocyanins, terpenes, iridoids and tannins. All fractions showed ICso values lower than 10
pg/mL in the ABTS test and lower than 100 pg/mL in the DPPH test. The antibacterial activity of
this plant was low against the three strains used. Conclusion: Seeing the potency of C. acuminata
and different biological activities displayed, further analysis are required in order to identify and
purify the active ingredients, to study the toxicity of cell lines in vitro, to perform the in vivo exper-
iments and to test for other activities such as the anti-hypoglycemic and anti-inflammatory.
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1. Introduction

From centuries of evolution, knowledge and technological progress for mankind to
one day rediscover nature [1]. This rediscover is called phytotherapy and, thanks to it, we
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have found our roots and natural health [1]. Today, the effectiveness of herbal medicine
is proven and its undeniable benefits for our health have allowed natural medicine to be-
come part of our daily habits. Even the most developed countries are not left out [2-3].
According to Kouadio et al. [4], medicinal plants are part of the history of all continents:
in China and India, over the centuries, knowledge about plants has been organized, doc-
umented and transmitted from generation to generation.

Today, the use of herbal treatment is gaining renewed interest in Western countries,
particularly to treat the imbalances caused by modern life, whether it is stress or weight
problems. The use of traditional medicine is becoming in a daily practice, in terms of pre-
vention. It is no longer reserved for the treatment of diseases [5,6]. In Africa, millions of
people use traditional medicine primarily and sometimes exclusively for their primary
health care, because it remains the most affordable and seems effective. Others, on the
other hand, prefer Western medicine because they combine traditional medicine with su-
perstition [7].

Medicinal plants are effective natural sources for the treatment of various infectious
diseases in humans. Scientists are focusing on the discovery of natural compounds from
medicinal plants, with the aim of introducing new drugs that will be more effective than
those available on the market [8,9]. Recent research has focused on the nature of the plant
product as an alternative to existing medicines to cure diseases in developing countries
[10,11]. They have formed the basis of sophisticated traditional medicine and an excellent
leader in the development of new drugs. Plants used in traditional medicine contain a
wide range of substances that can be used to treat chronic and infectious diseases [10].

Nature has been a source of medicinal agents for thousands of years. Although pro-
gress has been made in pharmacology and synthetic organic chemistry, this dependence
on natural products, particularly plants, remains largely unchanged [12-14]. These chem-
ical constituents have great potential for medicinal purposes and are exploited by both
traditional healers and pharmaceutical companies [15]. Natural substances and plants in
particular represent a huge source of chemo-diversity, often with very original structures
whose total and profitable synthesis (structural complexity, stereo-specificity...) is often
difficult to achieve [14, 16]. In recent years, we have seen a renewed consumer interest in
natural products. This is why manufacturers are increasingly developing processes using
extracts and active ingredients of plant origin [12, 17].

Among these potentially interesting new compounds, antioxidants, such as flavo-
noids, have been particularly studied because of their use in pharmaceuticals, cosmetics
and food for their health benefits [18,19]. Nowadays, more than 3000 flavonoids are iden-
tified and are found particularly in floral pigments or leaves. Flavonoids are mainly
known for their antioxidant action, modulating the activity of certain enzymes, vasculo-
protective, anti-inflammatory and anti-diabetic [20,21]. The increased interest of naturally
occurring antioxidants to increase food preservation is explained by the fact that some
synthetic antioxidants present risks of carcinogenicity [22].

The Democratic Republic of Congo (DRC), a country known for its natural resources,
has a particularly rich and varied flora. Nevertheless, it should be noted that, on the one
hand, the number of plant species is decreasing and, on the other hand, the knowledge of
traditional doctors is also gradually disappearing. This creates an urgent need to recog-
nize and protect these species and the knowledge associated with them. Research on bio-
active molecules of natural origin is one of the priority areas of the pharmaceutical indus-
try, but also doctors and chemists are seeking to better understand the heritage of spon-
taneous species used in traditional medicine [23].

For this study, Cola acuminata was chosen, which is a very rich source of tannins and
flavonoids found in seeds. It is widely used in Africa as a chewable seed for its many
therapeutic properties. This species is used by traditional practitioners against diarrhea,
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cough, and dysentery as well as for its astringent analgesic properties [24]. It is in this
context that the study was specifically designed to determine and compare phytochemical
constituents and in the in vifro evaluation of antimicrobial and antioxidant activities of
aqueous, methanol, acetate, dichloromethane extracts from C. acuminata nuts grown in the
Nord Ubangi Province, DRC. Thus, its effects on the various pathologies have led us to
value this plant species, C. acuminata, and to demonstrate the biological activities of its
active ingredients. The purpose of this study was to assess the phytochemistry and bioac-
tivities of C. acuminata.

2. Material and methods
2.1. Plant Material

In this study, the nuts of Cola accumita (P. Beauv. Schott and Endl., 1932) were used.
The nuts of the plant were freshly harvested in April 2016 in the territory of Yakoma (Nord
Ubangi Province, DRC). The plant was identified at the Institut National des Recherches
Agronomiques located at the Faculty of Sciences, Department of Biology, University of
Kinshasa. These nuts were dried in the laboratory temperature for three days, which were
dried later in order to obtain the fine powder.

2.2. Bacterial strains

The bacterial strains used were provided by Microbiology Laboratory of the Faculty
of Pharmaceutical Sciences, University of Kinshasa. These include Pseudomonas aeroginosa
ATCC9027, Escherichia coli ATCC 8739 and Staphylococcus aureus ATCC 25923.

2.3. Methods
2.3.1. Extract preparation

Thirty grams of powdered vegetable matter placed in a settling funnel mixed with
300 mL solvents by increasing polarity (n-hexane, dichloromethane, ethyl acetate, metha-
nol) then macerate for three times 48 hours then collect the filtrate and place in the oven
for 3 days at 37°C.

Figure 1. Fractioning of crude extract

2.3.2. Powder micrography

This experiment was performed according to Bongo et al. [25]. Microscopic features
or powder micrography is one of the most fundamental methods of controlling plant drug
quality. It is very important to carry out well the preparation of the plate to be observed
under the microscope in order to distinguish different elements constituting the powder.
Two-three drops of selected reagent were placed on a slide and a small amount of powder
is added. This slide is covered with a cover-slide in order to homogenize the preparation
followed by the microscopic feature examination. Observations were made with a Hund
WETZLAR microscope, and pictures were taken with Digital Camera CANON IXUS 165.
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2.3.3. Phytochemical screening using TLC

Phytochemical screening is a set of techniques used to determine the different chem-
ical groups contained in a plant organ. It is based on physicochemical reactions that make
it possible to identify the presence of chemical substances Bongo et al. [25], Uwabunkeo-
nye et al. [26] and Loukmane [27].

2.3.3.1. Search for Flavonoids and phenolic acids

One gram of pulverized drug was extracted with 5 mL of methanol by stirring for 10
minutes. Afterwards, 10 mL of filtrate used for Thin Layer Chromatography (TLC) anal-
ysis for the determination of different compounds. Silica gel F254 was used as a stationary
phase, and ethyl acetate - formic acid — glacial acetic acid - water (100:11:11:26) as mobile
phase 1, dichloromethane - formic acid - acetone (80:10:20) as mobile phase 2 and ethyl
acetate — methanol — water (100:13.5:10) as mobile phase 3. As controls, Rutin, hyperoside,
isoquercitrin and chlorogenic acid were used. Once developed, the chromatogram was
observed under UV at 254 and 366 nm and was then sprayed with the DPBAE/PEG rea-
gent and observed under UV at 366 nm. The presence of flavonoids was marked by the
presence of fluorescent spots of various colors (yellow-orange-green) varying according
to the structure of highlighted compounds and phenolic acids were observed as blue flu-
orescent spots.

2.3.3.2. Irridoid research

As for flavonoids, Silicagel F254 remained the stationary phase and ethyl acetate-
methanol-water (100: 13.5: 10) was used as mobile phase. The revelation was carried out
with sulfuric acid 5% in ethanol by heating for 10 minutes at 100 °C. True irridoids gave
colorations, while other terpenes were colored in black.

2.3.3.3. Anthocyanin Research

For anthocyanins test, stationary phase remained same as described above and ethyl
acetate-formic acid - water (100: 10: 40) was considered as the mobile phase. The revelation
was performed with phosphoric vanillin on the plate by heating for 10 minutes at 100 °C.
The pink coloration shows the presence of anthocyanins.

2.3.3.4. Anthraquinones (anthracene heteroglycosides)

The ethyl acetate-methanol-water (100: 13.5: 10) was used as the mobile phase. Rev-
elation was performed under UV between 254 and 366 nm and the spraying was per-
formed with ethanolic KOH (10%). The anthraquinones were red colored reflecting red
fluorescence at 366 nm, while anthrones were colored in yellow.

2.3.3.5. Terpenes

One gram of pulverized drug was extracted with 10 mL of dichloromethane by stir-
ring for 15 minutes. The filtrate was evaporated to dryness and the residue was dissolved
in 0.5 mL of toluene. Silicagel F254 was used as stationary phase and ethyl toluene-acetate
(93:7) was used as mobile phase. Thymol, menthol, oleanic acid and 1 mg/mL (methanol)
were used as standards. The revelation was performed with sulfuric vanillin by heating
for 10 minutes at 100 °C. Terpenes gave various colors using this reagent.

2.3.3.6. Coumarins

The mobile phase used was toluene-ether (1:1, saturated with 10% acetic acid). This
mobile phase was prepared from the mixture of 10 mL of toluene, 10 mL of ether and 10
mL of 10% acetic acid in a separatory funnel, where lower phase was removed and the
upper phase was used as mobile phase. The revelation was performed under UV between
254 and 366 nm and the spraying was done with ethanolic KOH (10%). The blue color was
characteristic of coumarins.
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2.3.3.7. Alkaloids

In an acidic medium, 0.3 g of drug powder was introduced into an Erlenmeyer flask
and 3 mL of 5% diluted hydrochloric acid were added. The mixture was sealed and stirred
for 30 minutes and the filtrate was collected. In a test tube, five drops of Mayer’s reagent
was added to one mL of the filtrate. The presence of alkaloids was observed by the ap-
pearance of a white precipitate. In case, where this general test was positive, a thin layer
chromatography (TLC) was required. One g of the drug powder was macerated into one
mL of 10% ammonia in an Erlenmeyer flask; 5 mL of ethyl acetate (or methanol to extract
the quaternaries) was added and stirred for 30 minutes. Further, 20 uL and 50 pL of filtrate
were used for TLC analysis. Dichloromethane-methanol ammonia 25% (8:2:0.5) served as
a mobile phase and 5 mg/mL caffeine was used as control. The chromatogram was ob-
served under UV between 254 and 366 nm and was then sprayed using. Draggendorff
reagent and observed under visible light. The presence of alkaloids was marked by the
presence of spots ranging from yellow-orange to yellow-brown.

2.2.4. Determination of secondary metabolites
2.2.4.1. Determination of total polyphenols

Total polyphenol content of extracts was determined using Folin-Ciocalteu method
[28]. Ten mg/mL of each extract was diluted in methanol 80% in order to obtain a 1 mg/mL
solution for each extract. Afterwards, for each extract, a reaction mixture composed of 0.5
mL of extract 5.0 mL of distilled water and 0.5 mL of Folin-Ciocalteu reagent was prepared.
Three minutes later, 1.0 mL of saturated 20% Na2COs solution was added to the mixture.
Different mixtures prepared were stirred and incubated at laboratory temperature under
shade for one hour. The absorbance was read at 725 nm and the analysis was performed
in triplicate. The amount of total polyphenols was expressed in mg equivalents of gallic
acid (GAE) / g of dry extract using the following equation from the calibration line:

y = 1.7097 In (x) + 5.2062and R? = 0.965 1)

where x is the absorbance and y is the equivalent of gallic acid (mg/g).
2.4.4.2. Determination of total flavonoids

The reaction mixture contained one mL of methanolic solution (80%) of each of ex-
tracts having a concentration of ten mg/mL and one mL of 2% AICls (dissolved in metha-
nol) and the whole mixture was well stirred. After one hour of incubation at laboratory
temperature and under shade, different absorbances were measured at 415 nm using a
spectrophotometer (GENESYS 10S). For each analysis, mixtures were prepared in dupli-
cate. For preparing the blank, the procedure was the same as described above but in lieu
of the extract, one mL of methanol was added. The flavonoid content of the extracts was
expressed in mg equivalent quercetin (QE)/g of corresponding dry extract using the equa-
tion from the calibration line:

y = 0.50011n (x) + 3.442,and R? = 0.944 )
where x is the absorbance and y is the equivalent of quercetin (mg / g).
2.4.4.3. Determination of anthocyanins

The determination of the anthocyanin content of extracts was carried out by the pro-
cedure reported by Kapepula, [28] and Adepado et al., [29]. We sampled 0.5 mL of the
1mg/ml solution of 1mg/ml extract prepared in methanol 80%, which was mixed with 3
mL of vanillin methanol solution (4%) and 1.5 mL of hydrochloric acid. Then, the mixture
was incubated for an hour and the absorbance was measured at 500 nm. Mixtures are
prepared in triplicate, and the average value was used. The same procedure was repeated
for the reference substance (D-catechin) in the concentration range of 4 mg/mL to 0.125
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mg/mL and allowed the calibration line to be established. The anthocyanin content of the
extracts is expressed in mg equivalent D-catechin per g of corresponding dry vegetable
matter (EC/g) using the following equation from the calibration line:

y = 0.0286x + 0.0508 and RZ = 0.988 3)

where x is the absorbance and y is the catechin equivalent (mg/g).
2.5. Evaluation of antioxidant activity

The antioxidant activity was assessed according to Kapepula et al. [28].
(i) Preparation of samples

Ten mg of dry extract of each sample were dissolved in 1 mL of methanol for polar
extracts and the mixture of dichloromethane-methanol (1:1) for apolar extracts (solution
A: 10 mg/mL). The dilution was carried out with different concentrations as follows: 8
mg/mL, 6 mg/mL, 4 mg/mL and 2 mg/mL.

(i) ABTS Radical Scavenging Capacity

In reaction with potassium or sodium persulfate (K25:0s), the ABTS (2, 2'-azino-bis-
3-ethylbenz-thiazoline-6-sulfonic acid) forms the cationic radical ABTS from blue to green
color. The addition of antioxidant reduces this radical and causes the mixture decoloriza-
tion. The decolorization of the radical measured by spectrophotometry at 734 nm is pro-
portional to the concentration of antioxidants.

Dissolve in 500 uL of distilled water a quantity of ABTS reagent corresponding to 20
millimoles: solution A. Then dissolve in 500 pL of distilled water a quantity of potassium
persulphate (K:5:0s) corresponding to 10 millimoles: solution B. Therefore, mix both so-
lutions A and B at equal volume and keep the mixture away from light between 12 and
16 hours: this solution constitutes the stock solution for ABTS radical. Then dilute the
stock solution of the radical with methanol x times in order to obtain an analytical solution
of which the absorbance ranges between 0.800 and 1.000. In a test tube, place 20 pL of
methanol with 1980 pL of solution of ABTS: control solution. On the other hand, in an-
other test tube, place 20 pL of the sample solution for each concentration level, and add
to this solution 1980 uL of ABTS radical working solution and incubate for 30 minutes in
the absence of light. Successive reading of solutions for each concentration level is per-
formed at 734 nm with the spectrophotometer: blank (methanol), control solution and
samples.

The percentage inhibition of ABTS radical is determined as follows:
% inhibition = [1 —%X]x100 (4)
4

Where,
Ax: the absorbance of ABTS radical in the presence of the extract
Ac: absorbance of ABTS (control solution)

The ABTS scavenging activity of extracts was expressed in ICso. Different ICso values
were determined using Graph Pad Prism version 6.0 software. The experiment was per-
formed in triplicate.

(ii). DPPH Radical Scavenging Capacity

This method is based on the degradation of DPPH radical (2,2 DiPhenyl-1-PicrylHy-
drazyl). The DPPH radical is a violet-colored radical, the addition of antioxidant reduces
this radical and causes the mixture to discolor. This radical decolorization measured by
spectrophotometer at 517 nm is proportional to the concentration of antioxidants
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Dissolve 3.2 mg of DPPH in 100 mL of methanol (80%) and this solution is kept out
in the dark for at least an hour. The absorbance of this solution must be adjusted to 0.7+0.05
using methanol (80%). So, in a test tube, mix 20 puL of methanol with 1980 uL of DPPH
radical solution: control solution. In another test tube, place 20 pL of sample for each con-
centration by adding to 1980 pL solution of DPPH radical working solution and incubate
for 30 minutes in the absence of light. Successive reading of the solutions for each concen-
tration is carried out using a spectrophotometer at 517 nm: blank (methanol), control so-
lution and different sample solutions. The DPPH radical inhibition percentage for each
sample was determined using the following formula:

% inhibition = [1 —%]x100 (5)

Where,
Ax: the absorbance of DPPH radical in the presence of the extract
Ac: absorbance of DPPH (control solution)

DPPH scavenging activity of extracts was expressed in ICso. Different ICs values
were determined using Graph Pad Prism version 6.0 software. Each sample was measured
in triplicate.

2.2.6. Evaluation of antibacterial activity

The antibacterial activity was evaluated by the micro-dilution method using the lig-
uid medium as previously reported [25]. The test extract (20 mg) was first dissolved in 250
pL of DMSO and the final volume was adjusted to 5 mL within Mueller Hinton culture
medium (final DMSO concentration of 5%). The bacterial suspension was prepared by
placing three isolated colonies of the test strains (Staphylococcus aureus ATCC 25923, Esch-
erichia coli ATCC 8739 and Pseudomonas aeruginosa ATCC9027) in 2 mL physiological water
for each strain and incubating for 24 hours to obtain 0.5 McFarland (108 cells/mL) at 37°C.
The bacterial suspension is then diluted to 106 cells/mL (1/100 dilution). Various bacterial
suspensions are cultured in Petri dishes containing Mueller Hinton medium using the
swabbing technique. Using a pasteur pipette, wells are dug in Mueller Hinton agar
poured into the petri dish. Then, 100 pL of the different concentrations of each extract are
distributed in each well. The positive control was placed in another well. After diffusion,
the cultures are incubated in the oven at 37°C for 24 hours, and the inhibition rings are
measured around each well.

3. Result and discussion

3.1. Organoleptic tests

It was observed that Cola acuminata has following organoleptics characteristics : its
powder is fine, its color was yellow, its odor was strong and its taste was bitter.

3.2. Histological characteristics

The micrography performed on the nut powder of C. acuminata is presented in Figure
2 below.
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Figure 2. Microscopic characteristics of C. acuminata : fragments of fibers (A), spiral vessels (B),
trichomes (smooth unicellular hairs) (C), ovoid starch grains (D), fragments of sclerenchyma (E),
fragment of the endosperm (F)

The micrography analysis of C. acuminata revealed the presence of following histo-
logical elements, namely: the fibers, the spiral vessels, the trichomes, the ovoid starch
grains, the sclerenchyma and the fragments of the endosperm.

To the best of our knowledge, no information has been reported before on the micro-
graphic study of this species. Given their use in traditional medicine, it is important to
enhance the value of these plants while standardizing, from which the determination of
the histological elements of drugs for the preparation of monographs is essential for the
detection of falsifications.

3.3. Yield of extraction

After a threefold maceration of 48 hours, the extraction yield of the drug is presented
as follows: Methanol (16%), Water (4%), Dichloromethane (1.5%), Ethyl acetate (0.5%) and
n-hexane (0.37%). As observed, the best yield was obtained with the methanol fraction
(apolar solvent); followed by the aqueous, dichloromethane, acetate and n-hexane frac-
tions.

The method used to obtain dichloromethane fractions is suitable for the extraction of
terpenic acids such as oleic, betulinic and maslinic acids. For methanol (apolar solvent)
and aqueous (polar solvent) fractions, C. acuminata presented a good yield. This shows
that the metabolites quantitatively important in the seeds of this species are those that
pass easily through polar and non-polar solvents, of which polyphenols including antho-
cyanins, tannins, flavonoids, cardiac glycosides, volatile oils but also alkaloids. These
findings are similar to those reported by Efe et al. [30].

3.4. Secondary metabolites
3.4.1. Anthocyanins
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The TLC analysis performed for the search of anthocyanins is presented in the figure
below.

Figure 3. TLC chromatogram from methanol extract of C. acuminata in the visible for the search of
anthocyanins

It was observed the appearance of a red coloration that turned purplish-greenish blue.
The chromatogram analysis provides the information on the presence of anthocyanins in
Cola nuts, including D-Catechin. These findings are similar to those found by Ghedira
[31]. The presence of anthocyanins gives the plant properties such as capillary resistance,
allows the treatment of venous insufficiency of certain ophthalmic disorders. A new ac-
tion of anthocyanins in potentiating certain drugs against gastroesophageal reflux disease
has been reported by Pierrot et al., [32].

3.4.2. Terpenoids and Iridoids

The analysis of Figures 4 and 5 below shows that various colours observed in the
chromatographic profile of the dichloromethane extract (violet, orange colour) indicate
the presence of terpenes (Figure 4) and iridoids (Figure 5) respectively.
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Figure 4. TLC chromatogram from dichloromethane extract for terpenoids in C. acuminata in the
visible

Figure 5. TLC chromatogram from dichloromethane extract of C. acuminata for the search of iri-
doids in the visible

These results are similar to those obtained previously by Dewole [33]. In Figure 4,
true iridoids are indicated in the plant by spots of different colours and black spots corre-
spond to terpenes of which monoterpenes are responsible for the smell of essential oils.
The presence of these compounds in a plant species could give it biological properties,
including anti-rheumatic, hypotensive, sedative actions of the central nervous system
(CNS) and antioxidant action [18].
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3.4.3. Tannins

The figure below shows the presence of tannins in C. acuminata.

Figure 6. Blaskish-blue precipitate and pink of C. acuminata in Ferric chlorine and Stiasny reagent.

In Figure 6, the presence of tannins is indicated in the plant by the greenish-black
colouring for gallic tannins and the pink colouring for catechic tannins. The presence of
these compounds in a plant species could give it biological properties, including antiviral
and anti-inflammatory properties. These results are similar to the study conducted by De-
wole et al. [33].

It should be noted that with the exception of compounds in which chromatograms
are shown above, other compounds have also been detected. These include in particular
the cardiotonic heteroglycosides reported in the plant, as confirmed by certain studies, in
particular that of Kunoma [34]. These compounds are limiting factors plants to be used as
food. However, these compounds are used in medicine and also in the manufacture of
steroidal drugs; they are used to treat heart failure. These drugs can have both negative
and positive effects on the kidneys, heart, stomach and the central nervous system [18].
The alkaloid test gave a negative response to the Draggendorff reagent, and by comparing
these results of the alkaloid test with previous work, we note that the absence of these
compounds in C. acuminata has not been reported. In addition, this absence can be justified
by the difference in soil and/or climatic conditions.

3.4.4. Content in Secondary metabolites

The results of the assays of secondary metabolites of which phenolic compounds are
reported in the table below.

Table 1. Content in phenolic compounds of C. acuminata

Sample

C. acuminata

Total polyphenol con- Flavonoid con- Anthocyanin con-
tent (EAG) tent (EQ) tent (EC)
38.69 +2.12 nd 1.44 +0.006

Legend: GAE/g Equivalent of gallic acid (GAE) per g of dried extract; QE/g Equivalent of querce-
tin (QE) per g of dried extract. nd: non determined due to the absence of flavonoids.
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These findings showed that C. acuminata is rich in total polyphenols other than fla-
vonoids and phenolic acids. These results corroborate with the phytochemical screening
that showed the absence of flavonoids. C. acuminata is reported to be rich in tannins, an-
thocyanins and other compounds, the nature of which remains to be determined.

3.5. Evaluation of the antioxidant activity

The evaluation of anti-scavenging activity is presented in the table below. The results
of the antioxidant activity of the various extracts by in vitro chemical tests with ABTS and
DPPH were expressed in terms of the inhibitory concentration 50 (ICso).

Table 2. ICso values (ug/mL) of extracts for ABTS and DPPH tests

Samples ABTS (ug/mL) DPPH (ug/mL)
Dichloromethane fractions - 82.79 + 8.62
Ethyle Acetate fraction 4.02 +0.57 40.18 £5.74
Methanol fraction 5.62 +0.55 24.89 +1.53
Aqueous fraction 6.74+0.4 28.58 +3.04
Gallic acid 0.71 +£0.08 1.07 £0.10

All fractions showed ICso values lower than 10 pg/mL in the ABTS test and lower
than 100 pg/mL in the DPPH test. All extracts displayed the ability to inhibit radicals that
vary significantly in each type of test. This difference in activity would be explained by
the different chemical composition (qualitative and quantitative) of each fraction in terms
of secondary metabolites. In addition, it can be noted that the inhibitory concentration 50
(ICs0) values obtained in the ATBS test are lower than those of the DPPH test. This differ-
ence in activity is attributed to the mechanisms of the reactions. Indeed, ABTS reacts at
the same time with hydrophilic and lipophilic compounds while DPPH reacts only with
hydrophilic compounds [35].

The anti-scavenging activity is an indicator of the antioxidant activity, and in view of
these results C. acuminata has interesting antioxidant properties attributed to the presence
of phenolic compounds of which anthocyanins, tannins [36-38]. Polyphenols are the most
common secondary metabolites in the plant kingdom. They have several biological prop-
erties including the antioxidant capacities for which they are indicated in the management
of various diseases, and based on the Student test, there is no significant difference be-
tween methanol and aqueous fractions.

3.6. Evaluation of the antibacterial activity

The table below presents the antibacterial activity of C. acuminata extracts on three
bacterial strains. These findings are in agreement with the phytochemical screening re-
sults, which showed that it is the two extracts that gave the best extraction yield.

Table 3. Anti-bacterial activity of C. acuminata on Mueller-Hinton (mm)

Methanol Water
Concentration (ug/mL) Sa Pa Ec Sa Pa Ec
2000 + + - - - -
1000 + + + + + +
500 + + + + + +
250 + + + + + +
125 + + + + + +

Legend: Sa: Staphylococcus aureus, Pa: Pseudomonas aeruginosa, Ec: Escherichia coli
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From the above table, it was observed that all three strains were sensitive to meth-
anolic and aqueous extracts. The antibacterial power is more or less important depending
on the nature of the strain and the culture medium used. Studies have shown that the
types of solvents used have an effect on the nature of the extracted compounds and the
bioactivity of the resulting extract. This clearly implies that the polarity of solvents (more
polar and less polar) plays an essential role in the extraction of bioactive compounds,
which influences the antimicrobial activity.

The aqueous and methanol extracts of C. acuminata gave a good inhibition zone
against the selected tested microorganisms (E. coli, S. aureus, P. aeruginosa). The extracts of
C. acuminata were very potent in terms of activity due to the relative presence of bioactive
components. Previous work has shown that the presence of secondary metabolites such
as alkaloids, anthocyanins, anthraquinones, flavonoids, polyphenols, saponins, tannins,
steroids and triterpenes in plants would confer anti-bacterial activity [39-40]. The broad
spectrum of activity presented by C. acuminata against gram positive and gram negative
bacteria probably explains their use in a wide range of diseases in developing countries.
Several antimicrobial-resistant bacteria are problematic and complicate the treatment of
bacterial infections. These results corroborate with the work of Efe [30].

4. Conclusion

Medicinal plants are still the first reservoir of new drugs. They are considered as a
source of essential raw materials for the discovery of new molecules needed for the devel-
opment of future drugs. To this end, secondary metabolites are the subject of much re-
search, this is particularly the case of plant polyphenols which are widely used in therapy
as vasculo-protectors, anti-inflammatory, enzymatic inhibitors or antioxidants. In order
to enhance the value of medicinal plants. The results obtained show that a large part of
the constituents of the crude extract remain in the aqueous and methanol fraction with
yields of 4% and 16%, respectively.

The ICso values of the various extracts of our species testify to their anti-scavenging
activity towards the radicals used. The ICso values of the ABTS test are lower than those
of the DPPH test. All the tested strains were sensitive to the extracts of C. acuminata using
different solvents.

Finally, the present study showed the richness of the plant studied in phenolic and
terpenoid compounds, which explains its antioxidant and anti-bacterial properties; and
shows the importance of its use in local medicine as antimicrobial agents. It could there-
fore be a less expensive alternative for the treatment of different diseases.

These results are still preliminary, it would therefore be interesting to continue the
investigations on this plant of interest, it would therefore be important to support these
results by focusing on:

e  Purification and identification of active ingredients,

e The study of their toxicity on different cell lines (in vitro) and on models using ani-
mals (in vivo) in order to determine therapeutic doses and lethal doses because tra-
ditional remedies suffer a lot from the dosage problem,

e  Test the antidiabetic and anti-inflammatory activity of C. acuminata; these biological
activities respond to the major uses of the plant according to the results of the ethno-
botanical survey.

e  This study is partly about the traditional use of plants, but today, with the rapid deg-
radation of the environment followed by the disappearance of many plant species,
pharmacognosy studies must no longer be limited to species that are the subject of
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traditional use, but to all available species at the risk of bringing out molecules that
will remain forever known.
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