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Abstract

Triclosan Oral hygiene is a determining factor in the prevention of oral diseases. In other to meet this
challenge, rural populations in several developing countries including those of Benin Republic use
chewing stick, whose activity are yet to be elucidated. The objective of this present work was to analyse
the phytochemical, the antioxidant and antimicrobial activities of the root of Caesalpinia benthamiana, a
chewing stick used in Benin Republic for oral hygiene using standard techniques described in the
literature. The ethanolic extract exhibited a good ability to inhibit the DPPH radical and also to reduce
ferric Fe3* ion to ferrous Fe?* ion and this could explain their rich content in phenolic compounds. The
ethanolic extract also exhibited a good antimicrobial activity against Proteus mirabilis with MIC value of
6,250 mg/mL.
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Introduction

Although not always life-threatening, oral diseases represent a major public health problem
because of their high prevalence and significant impact on general health [ 2. The classical
treatment of these illnesses is extremely costly, being at the fourth rank in terms of health costs
in most industrialized countries 1. Faced with this scourge, the challenge is to lead people to
adopt behaviors that could help them to avoid oral diseases such as dental caries and
periodontal disease, through the proper use of modern toothbrushes or plant toothbrushes.
Even though many people have abandoned the traditional use of vegetable toothbrushes, and
have adapted to the conventional method of brushing teeth, some peoples still use chewing
stick as a daily ritual to maintain oral hygiene. This is particularly true in developing countries
where the economy, customs, religion and the availability of oral hygiene tools play a role in
their continued use. Chewing stick have long been used in the Greek, Roman, Jewish and
Islamic empires [,

Plants have very effective and important roles to play in oral hygiene. A number of popular
plants are shaped into plant brushes, most of which contain different substances that can keep
the oral cavity healthy in general Bl. Moreover, the World Health Organization (WHO)
supports the use of chewing stick as an effective tool for oral hygiene because they contain
many antimicrobial substances 1. According to Oshomoh and Idu [, Africans who use
chewing stick have fewer carious lesions than those who use toothpastes. Indeed many studies
have demonstrated the antimicrobial activity and phytochemical content of various chewing
sticks used in Africa %2, Most of these secondary metabolites have very important roles to
play in maintaining oral hygiene. Thus, mucilages protect the mucous membranes by their
lubricating action %1, while flavonoids strengthen the capillaries and reduce the frequency of
minor hemorrhages 4. As for the tannins, they act preventively against microbial
fermentations, by precipitating the proteins from the bacterial plague and are therefore used in
mouthwashes and toothpastes. Saponosides are surfactants and this property allows them to be
fluidifying secretions, emulsifiers and detergents.

The factors that determine which plants are used as sources of plant chewing stick in Africa
include availability, color, taste, texture, age of user, cultural and religious customs, and family
tradition [, In Africa, the use of vegetable toothbrushes is still widespread in Sudan, Nigeria,
Namibia, Benin, etc. Around the world, 182 plant species have been used as plant brushes, of
which 158 are known in Africa [*°],
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In Benin, the use of chewing stick is a cultural practice
transmitted from generation to generation and an inexpensive
option for oral hygiene because it provides substantial income
and provides sanitary, medicinal and pharmaceutical benefits
for communities 161, Presently many species that are used for
this purpose are highly threatened in Benin. According to
Djossou D1, the functional justification of wvegetable
toothbrush is related to its four roles: cleaning of dental
surfaces (mechanical action), gingival massage (activation of
blood circulation), oral asepsis (phytotherapy) and stimulation
of periodontal structures. Recently, 34 species have been
identified as chewing stick across 8 communes in southern
and central Benin Republic as well as assessing their market
value and availability in a few habitats '], However, the
literature review revels that there is little evidence on the
subject of chewing sticks as far as their chemical
characteristic and biological activity are concern, despite their
wide use in Benin’s Republic. This is why the present study
was initiated to evaluate the antibacterial activities and the
phytochemical potential of some plants used in oral hygiene
in Benin’s Republic. The present study is devoted to chewing
stick namely, the root of Caesalpinia benthamiana

Materials and Methods

Chemicals

2,2-Diphenyl-2-picrylhydrazyl (DPPH), potassium
hexacyanoferrate [KsFe(CN)g], trichloroacetic acid, gallic
acid, ascorbic acid, magnesium, quercetin, and ferric chloride
11 (FeCls) were purchased from Sigma Chemical; Folin-
Ciocalteu phenol reagent, anhydrous sodium carbonate
(Na2COs), aluminium chloride, potassium acetate, sodium
sulfate, and solvent ethanol, formalin, hydrochloric acid,
ether, ammonia, isoamyl alcohol and sulfuric acid were
obtained from Merck Chemical Supplies (Darmstadt,
Germany). Mueller Hinton, conventional antibiotics disc were
obtained from Bio Mérieux Marcy, France. DMSO and p-
iodonitrotetrazolium (INT) were purchased from Sigma
Aldrich, Missouri United State. All the chemicals used were
of analytical grade. All the spectrophotometric measurement
was carried out using Jenway 7305 spectrophotometer.

Plant material and extracts preparation

The root of Caesalpinia benthamiana was collected in the
southern region of Benin’s Republic in September 2017. The
botanical identification of the collected material was
performed by the botanists of National Herbier at the
University of Abomey-Calavi, Benin’s Republic.

The plants, once collected, were left at room temperature (20
°C) in the laboratory for two weeks to dry. They were then
grounded to a fine powder to make three types of crude
extracts, namely semi ethanolic 50% macerate (eth), aqueous
macerate (aq) and aqueous decoction (de). The ethanolic and
aqueous macerate were obtained by maceration for three
successive days, taking care to renew the solvent each day.
The aqueous decoction was prepared by boiling the
vegetables’ powder for 30 minutes in distilled water. The
filtrates obtained were concentrated on a rotary evaporator
and then in an oven at 40 °C for 3 days.

Microorganisms

The used bacteria strains were obtained from the Bacteriology
section of the National Laboratory of the Ministry of Health
(LNMSP). They were constituted of reference strains namely:

e gram positive cocci: Enterococcus faecalis ATCC 10240,
Staphylococcus aureus ATCC 29223

e Bacillus negative gram: Proteus mirabilis ATCC 24974,
Pseudomonas aeruginosa ATCC 27853, Escherichia coli
ATCC 25922

e Fungus: Candida albicans IP 4872

Phytochemical Screening

The phytochemical screening was done according to the
standard techniques described by Paris and Moyse [,
Harborne 2, and Noudogbessi ? The plant extracts were
screened for presence of alkaloids, tannins, flavonoids,
coumarins, mucilage, saponins, terpene, triterpene,
anthocyans in whole plant and in the three extracts in other in
to compare the results.

Determination of total phenolic content

The determination of total polyphenols was carried out with
the Folin-Ciocalteu reagent according to the method presented
by Ainsworth and Gillespie 2,

This method consists in adding to 20 pL of each diluted
ethanolic extract obtained by maceration of the crude extracts
(eth, aq, de) in ethanol for 24 hours, 200 pL of Folin-ciocalteu
(10%) in a tube. The mixture obtained is vigorously vortexed
before adding 5 min after 800 pl of sodium carbonate Na,COs
(7%). The absorbance is read at 765 nm after 2 hours against
a blank (ethanol). Gallic acid was used as standard for the
calibration curve and the content is expressed in milligram
equivalent of Gallic Acid per gram of crude extract (CE) (mg
eq AG/gCE)

Determination of total flavonoid content

The estimation of the total flavonoid content was carried out
by the method used by Kim et al. %I, The extract used were
obtain from dilution of each the crude extracts (ethanolic,
aqueous, and decoction) in ethanol. A volume of 100 pl of the
extract of each plant was mixed with 0.4 ml of distilled water
and subsequently with 0.03 ml of a solution of 5% sodium
nitrite. After 5 minutes, 0.02 milliliters of a 10% solution of
AICIl; was added. After 5 minutes again, 0.2 ml of Na,COs3
solution (1 M) and 0.25 ml of distilled water were added to
the mixture. The whole was vortexed and the absorbance
measured at 510 nm.

The flavonoid content is calculated from a standard curve
using catechin as a standard. The results are expressed in
milligram-equivalent of catechin per gram of the crude extract
(mgeq EC/ g CE)

Antiradical activity by the DPPH method

50 pl of the diluted extracts were added to 1950 uL of DPPH
at 130 uM, Discoloration of DPPH was measured at 516 nm
against the blank (1950 pl of DPPH at 130 pM and 50 pl of
ethanol) after 45 min 4, The scavenging percentage was
calculated by the following formula:

P = [(Ab - Ae) / Ab]*100

With P: percentage of trapping; Ab: absorbance of the blank;
Ae: Absorbance of the sample

The extract concentration necessary for trapping 50% of free
radicals of DPPH (ICsp) is calculated graphically by linear
regression of the plotted graphs of DPPH free radical
scavenging percentages as a function of the concentrations of
extracts tested.
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Reducing power by the FRAP method

The Ferric Reducing Antioxidant Power (FRAP) method is
based on the ability of extract to reduce ferric ion (Fe*') to
ferrous (Fe?*) ion. The total antioxidant capacity of each plant
extract and reference compounds was determined by the
method used by Bangou ?°! with a slight modification. Thus,
2 ml of an aqueous solution of each extract was mixed with 2
ml of phosphate buffer (0.2 M, pH 6.6) and 2 ml of the
aqueous solution (1%) of potassium hexacyanoferrate [KsFe
(CN)g]. After 20 min incubation at 50 °C; 2 ml of
trichloroacetic acid (10%) was added. The mixture was then
centrifuged at 3000 rpm for 10 min. 2 ml of the supernatant
were then mixed with the same volume of water and 20 pl of
a freshly prepared aqueous solution of FeCls (0.1%) was
added.

Absorbances were read at 700 nm against a calibration curve
obtained from gallic acid and catechin. The reducing power
was expressed as function of gallic acid equivalent per gram
of crude extract (mg eq AG / g CE) and also as function of
catechin equivalent per gram of crude extract (mg eq EC/ g
CE) [%5.26],

Antimicrobial activity: susceptibility tests

It was carried out by the diffusion method of the extracts
placed in wells of Mueller Hinton agar plates. Thus bacteria
mentioned above were suspended according to the
recommendations of the Antibiogram Committee of the
French Society of Microbiology 7. The suspensions thus
made were seeded by swabbing on Mueller Hinton square
agar plates. The three extracts of plants previously prepared at
a concentration of 100 mg / ml in DMSO were filtered using
0.4pum multi-pore membranes in order to obtain sterile extract
solutions. 16 wells of about 6 mm were dug in the agar plates
as described by Agbankpe et al. 28 and 50 pl of each of the
sterile extract solutions were deposited in each well. DMSO
solution was used as the negative control. The positive control
was conventional Vancomycin antibiotic discs for Gram-
positive cocci and Imipenem and Colistin discs for Gram-
negative bacilli. The different Petri dishes were left at room
temperature for one hour for diffusion and then incubated at
37 °C for 18h as described by Oke . Each test was
conducted three times for quality control purposes. Inhibition
diameters were measured and compared to the standards
indicated in the Table 1.

Table 1: Standard values of the susceptibility tests of the plant
extracts [30. 31,

Inhibition zone Degree of susceptibility of Symbol
diameter (A) the germ
A <7 mm Resistant -
7 mm < A <8 mm Susceptible +
8 mm < A <9 mm Fairly Susceptible ++
A>9 mm Very Susceptible +++

Determination of minimal inhibitory concentration (MIC)
and minimal bactericidal concentration (MBC)

The determination of the MIC was performed according to the
microwell methodology used by Lagnika et al., B2, Different
successive dilutions of 180 pl of the extract at initial
concentrations 50 mg/mL prepared in Mueller Hinton broth
were distributed in the wells. 20 pl of a 10% dilution of a
suspension of 0.5 Mc Farland strains in Mueller Hinton broth
were distributed in all wells. On each plate, bacterial
suspension + Mueller Hinton broth served as a positive
control and Negative control was DMSO + Mueller Hinton

broth. The plates were then stirred for 5 minutes and placed in
an oven at 37 °C. for 18 h. 40 pl of a solution of 0.2% p-
iodonitrotetrazolium (INT) in distilled water was added to
each well. The plates were then deposited for 20 minutes in
the dark. The presence of a red color in a well indicates the
presence of viable bacteria. The MIC is the first concentration
for which viable bacteria are present. Wells that did not show
a red color (subjects are missing here) are seeded on Mueller
Hinton agar. CMB is the first concentration for which there is
a colony presence.

Statistical analysis

All experiments were conducted in triplicate, and results,
analyzed using SPSS Statistics 17.0 software if necessary,
were reported with means + standard deviation (S.D.). An
analysis of variance (ANOVA single factor) was used to
compare the means when necessary. The level of significance
was defined at 5%.

Results and Discussion

Phytochemical screening

Table 2 shows the results of the phytochemical screening of
whole plant, agueous extract, decoction and semi-ethanolic
extract. This result shows that this plant contains saponosides,
mucilages, tannins, sterols and terpenes, leuco-anthocyanins
and flavonoids. All the three extracts and the whole plant
contain flavonoids, saponins and tannins. Mucilages were
found in the Whole plant and the aqueous macerate whereas
anthocyans were found only in the ethanolic extract and
sterols and terpens in the whole plant and in the whole plant
and in ethanolic extract. These simply mean that aqueous
macerate and the decoction which is one of the traditional
way to prepare medicinal plants contain less secondary
metabolites compare to the whole plant whereas most of the
compounds found in this whole plant were also found in the
ethanolic extract.

Table 2: Result of phytochemical screening

Phytochemicals 112(3]|4
Saponins + |+ [+ |+
Mucilages + |+ |- -

Tannins + |+ |+ |+

Anthocyans - - +

Sterols et terpens +--|+
Coumarins - -] - -

Flavonoids + |+ |+ |+

Alkaloids -l -] -
1: Whole plant; 2: Aqueous macerate; 3: Decoction; 4:
ethanolic extract +: Present; -: Absent.

According to Békro et al. %, methanol and aqueous crude
extracts of C. benthamiana contain sterols, polyterpenes,
flavonoids, tannins, and saponins. These results are consistent
with those found in this study only that sterols and terpens
were not found in the aqueous extract in our study. Methanol
and ethanol are known to extract the same class of
compounds.

Determination of phenolic content

The total phenol content of the C. benthamiana extracts is in
the range of 42 + 7.071 EAG / g CE to 252.357 + 9.091 mg
EAG / g CE, the lowest level being obtained with the aqueous
macerate and the highest with the ethanolic extract. The
flavonoid contents of C. benthamiana extracts vary from
23.807 + 3.419 mg EC / g CE t0 211.650 £ 7.616 mg EC / g
CE, respectively for decoction and ethanol extract. As was the
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case with phenolic compound contents, ethanolic extracts
have the highest flavonoid content.

Since they are known to be synthesized by plants in response
to microbial infection, it should not be surprising that
phenolic compounds have been found in vitro to be effective
antimicrobial substances against a wide array of
microorganisms. Catechins, the most reduced form of the Cs
unit in flavonoid compounds, deserve special mention. These
flavonoids have been extensively researched due to their
occurrence in oolong green teas and their antimicrobial
activity against oral microbes implicated in oral infection like
Streptococcus mutans B34,

Table 3: Phenolic content

Extraits Total phenolic content | Flavonoids content
(mg EAG /g CE) (mg EC/gCE)
Aqgueous 42 +7.071 34.249 +0.989
Decoction 68.964 + 5.303 23.807 +2.418
Ethanolic 252.357 £9.091 211.650 + 5.385

Antiradical activity by DPPH method

The concentrations of the various extracts making it possible
to inhibit 50% of the free radicals of DPPH are shown in
Table 3. The analysis in this table shows that the ethanolic
extract exhibits the best antiradical activity followed by the
aqueous extract with respectively 0.168 + 0.009 mg/mL and
0.189 £ 0.013 mg/mL, but there is no significant difference
between these two values (p<0.05). The decoction, which has
the lowest antiradical activity (p<0.05), gave an ICsq of 0.675
+ 0.106 mg/mL. Compared with the reference compounds, the
ethanolic extract which has the best antiradical activity is
about 2, 366 and 6 times less active than catechin and gallic
acid respectively.

Chemical studies in order to identify metabolites with
antioxidant activity in C. benthamiana revealed the
occurrence of diterpenes deoxycaesaldekarin C and
benthaminin 2. The most active compound was benthaminin
2, displaying an 1C50 of 42.7 uM in the assay using DPPH,

while an IC50 of 74.2 uM was determined to control
thiobarbituric acid (TBA) %, This means that terpens may
contribute significantly to the antioxydant activity of this
plant.

Table 4: 1Cso of plant extracts studied and reference compounds

used
1Cs0 (Mg/mL)
Extraits | C. benthamiana catechin gallic acid
Agueous 0.189 +0.013?
Decoction | 0.675+0.106° | 0.071+0.012¢ | 0.028 + 0.001°
Ethanolic | 0,168 + 0.009%

Means followed by the same letters are not significantly
different (p<0.05)

Reducing power

In parallel with the DPPH free radical scavenging test, the
reducing power of iron (Fe®) in the extracts of the studied
plant was evaluated using the FRAP method. This test is a
simple, rapid and reproducible test B%; it is universal and can
be applied to both plants and plasmas and to organic and
aqueous extracts 7],

In the mechanism of the antioxidant activity of phenolic
compounds, the reduction of Fe (IIl) is often used as an
indicator of electron donor 8. The FRAP method makes it
possible to measure the ability of phenolic compounds to
reduce Fe (I11) ions to Fe (I1). Gallic acid and catechin were
used as reference compounds and the reducing power of the
various extracts was determined and expressed in milligram
equivalent of gallic acid per gram of crude extract (mg E
GA/g CE) then in milligram equivalent Catechin per gram of
crude extract (mg EC/g CE). The results of this study are
shown in Table 4. These results show that the ethanolic
extract of C. benthamiana has the best reducing power, which
is 82.170 + 2.095 (mg E GA/g CE) and 175.126 + 5.686 (mg
EC/g CE).

Table 5: Ferric reducing power of the extracts

Reducing power

Plants Extracts (mg E GA/g CE) (mg ECIg CE)
Aqueous 53.577 + 1.676 96.510 + 3.127

C. benthamiana Decoction 46.170 + 1.885 78.414 + 3.696
Ethanolique 82.170 + 2.095 175.126 + 5.686

Determination of inhibition zone diameters

The inhibition zone diameters of the aqueous extracts,
ethanolic and the decoction of the six plants were determined
and the results are recorded in Table 5. These results reveal
that, only the ethanolic extracts of C. benthamiana inhibited
the microorganisms tested. Thus, the ethanolic extract of C.

2.309 mm to 12.666 + 0.577 mm respectively on E. faecalis
and P. aeruginosa. Compared to reference antibiotics, the
inhibition zone diameter of the ethanolic extract against S.
aueus was not signicantely different from the one of
vancomycin (P<0.05) whereas the same ethanolic extract was
more effective against E. faecalis than vancomycin (P<0.05).

benthamiana induced inhibition zones varying from 20.666 +

Table 6: Inhibition Zones Diameter

Inhibition Zones Diameter (mm)
Stains C. benthamiana
aq | de Eth Vancomycin Imipenem Colestin

S.au 0 | 0® 16.333 + 1.527° 17.666 + 0.577° Na ND

E. co 0| 0° 15.333 £ 1.527° ND 26.666 + 1.154° 19.333 £ 0.577¢
E.fa 0|0 20.666 + 2.309° 17.666 + 0.577¢ ND ND

P. mi 0|0 13.333 £ 1.527° ND 26.666 + 1.154° ND

C.al 0|0 12.666 + 1.154° ND ND ND

P. ae 0|0 12.666 + 0.577° ND 26.666 + 1.154° 19.333 £ 0.577¢

Means of the inhibition zone diameters followed by the same letters in the same line are not significantly different (p<0.05). aq: aqueous; de:
decoction; eth: ethanolic; E. fa.: Enterococcus faecalis; S. au.: Staphylococcus aureus; P. mi.: Proteus mirabilis; P. ae.: Pseudomonas
aeruginosa; E. co.: Escherichia coli; C. al.: Candida albicans
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Determination of minimal inhibitory concentration (MIC)
and minimal bactericidal concentration (MBC)

The ethanolic extract that was the most effective plant
extracts against the various microorganisms tested were
farther inquired about their MICs and CMBs to better
appreciate their activity and the results are recorded in Table
6. From the analysis of this table, it was found that C.
benthamiana was more active on P. mirabilis with a MIC
value of 6.250 mg/mL and a CMB of 12.500 mg/mL. For all
other microorganisms tested, the MIC value is 12.500 mg/mL.

At this stage we can suppose that natural compounds,
especielly phenolic compounds in the chewing sticks are
responsible for the observed antimicrobial activities of the
chewing sticks studied. This hypothesis seems to be
confirmed by Matsumoto et al. B% who showed that
administration of the oolong tea extract and its
chromatographically isolated polyphenol compound into diet
and drinking water resulted in significant reductions in caries
development and plaque accumulation in rats infected with
mutans streptococci.

Table 7: MIC et MBC of different plant extracts

Strains
S.au E. co E.fa P. mi C.al P. ae
MIC (mg/mL) 12.500 12.500 12.500 6.250 12.500 12.500
MBC (mg/mL) 25.000 12.500 25.000 12.500 12.500 25.000

E. fa.; Enterococcus faecalis; S. au.: Staphylococcus aureus; P. mi.; Proteus mirabilis; P. ae.:
Pseudomonas aeruginosa; E. co.: Escherichia coli; C. al.: Candida albicans.

Conclusion

The present study, the first of his kind in Benin’s Republic,
shows that the roots of C. benthamiana are rich in
phytochemical compound and the ethanolic extract was
particularly rich in phenolic compounds. This could explain
the good antimicrobial observe with this plant extract and
their by justify the use of this plant in oral hygiene and against
oral pathogen. Further studies should be done in other to find
out new bioactive compounds against oral microbes.
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