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Organic leaf extracts of Garcinia
mangostana grown in ivory coast inhibit
the growth of pathogenic bacterial strains
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Abstract

Introduction: Garcinia mangostana is a plant tree used in traditional medicine in Africa and South-Asia. Its
tropical fruit is an important source of xanthones as well as other bioactive substances identified in many studies.
The purpose of this study is to investigate the potential of organic leaf extracts of G. mangostana grown in
Ivory Coast as a novel source of antimicrobial agents. Materials and Methods: A phytochemical screening
of the plant leaf was established by various colorimetric assays protocols. Three organic leaf extracts were
tested, the dichloromethane leaf extract (GMLD), the methanol leaf extract (GMLM), and the n-hexane leaf
extract (GMLH). The antibacterial activity was tested against four reference bacterial strains Escherichia coli,
Staphylococcus aureus, Listeria monocytogenes, and Pseudomonas aeruginosa using well diffusion method and
microdilution assays. Results: Phytochemical analysis showed the presence of all chemical groups tested such as
tannins, alkaloids, and flavonoids. The inhibitory activity of dichloromethane, n-hexane, and methanol extracts
was remarkable (inhibition zone >14 mm) against the four strains. However, GMLD showed the lowest inhibition
capacity. The values of minimum inhibitory concentration and minimal bactericidal concentration have ranged
from 0.25 to >4 mg/ml. Conclusion: This study is a first-time investigation on the pharmacological potential of
G. mangostana leaves against main pathogenic bacterial strains which are more resistant to antibiotics. Our results
proved that G. mangostana leave extracts can be used to treat diseases caused by bacterial infections.
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INTRODUCTION used in traditional therapies appear to be precious sources
for local treatment of diseases and showed high antibacterial
hrough centuries, bacterial infections have activities.”! However, scientific evidence is needed to insure a
I always taken a primary place as major better use of these plants, some with a high curative potential
causes of morbidity and mortalityinpooras ~ on various pathologies.'!

well as in developed countries.!! They constitute
a worldwide health problem. Nowadays, the lack Garcinia mangostana is a small tree commonly cultivated in
of functional treatments against these bacterial gardens mostly in Asian and African countries. The whole
infections is alarming. Antibiotics and synthetic
molecules currently used to fight microbial
diseases have almost reached their limits.”
Indeed, the emergence and spread of antibiotic
resistances of most bacterial strains increase year
after year and becomes a real issue to global
public health.’! In West African countries like
Ivory Coast, pathologies such as respiratory
infections, bacterial meningitis, diarrhea, and
other infectious diseases are endemic and caused
an increase in antibiotic consumption for both
symptomatic and prophylactic treatment. These
circumstances increase the propagation of
bacterial resistance.[ Therefore, medicinal plants
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tree as a long history in traditional medicine over the world.[”)
Indeed, all parts of the plant are used in traditional healing
practices inventoried particularly in Thai, Indian, Philippine,
and Malaysian folk medicines.”® 'Y’ Mode of preparation, route of
administration, and treated diseases are summarized in Table 1.
Several experimental studies showed that various extracts,
mainly of the fruit, had various biological activities.l""'” The
growing number of mangosteen trees in Ivory Coast and the
results of scientific research on his antimicrobial activity led
us to select this plant for experimental purpose. Therefore,
the present study proposes a preliminary phytochemical
screening of extracts from its leaves and the determination of
the antibacterial effects of organic extracts against the main
bacterial strains.

MATERIALS AND METHODS

Chemicals
N-hexane, methanol, dichloromethane Dragendorff’s
reagent, FeCl, Potassium ferrocyanide, reagent Acid

Chlorydric reagent, magnesium, chloroform, sulfuric acide,
and resazurin were purchased from Sigma-Aldrich (USA)
and Honeywell Riedel-de Haén (Germany). All culture
mediums were purchased from Biokar Diagnostics (France).

Plant Material

G. mangostana used in this study for the collection of the
plant material was grown in Anyama, Abidjan province, [vory
Coast (N5°29°59.148 W4°3°9.853). Leaves were collected
in September 2017 [Figure 1: G. mangostana’s tree. A:
Photography of the tree. B: Photography of a little part of the
branch with young leaves]. The plant material was identified by
the Ivorian National Center for Agricultural Research (CNRA)
and was deposited at their Herbarium, but no reference number
was needed. Samples are sorted alphabetically.

Organic Extractions

The leaves were air dried at room temperature under shade and
then powdered and weighed (100 g). They were consecutively
extracted with 1 L of each organic solvent n-hexane, methanol
and dichloromethane using Soxhlet and then filtered (Whatman
10347673 Quantitative-filter-paper, England). The obtained
filtrates were concentrated in a rotary evaporator (HeidolphTyp
VV 1-Germany). The crude extracts are named GMLH
(hexane extract), GMLM (methanol extract), and GMLD
(dichloromethane extract) and stored at 4°C for further uses.

Phytochemical Screening

G. mangostana dried powder and crude extract were subjected
to qualitative phytochemical analysis for the presence of
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Figure 1: G. mangostana’s tree. A: Photography of the tree.
B: Photography of a little part of the branch with young leaves

various groups of chemical molecules part of the secondary
metabolism of plants using standard protocols, as shown in
Table 2. The color intensity or the precipitate formation was
used as analytical responses to these tests.

Determination of the Antibacterial Activity

Bacteria strains

The antibacterial activity of extracts was tested against
Escherichia coli K12 (MTCC-1302) (E. coli) (Laboratory of
Food Microbiology, UCL, Belgium: MBLA), Pseudomonas
aeruginosa (MTCC-1034) (Institute of hygiene, Rabat,
Morocco: IH), Staphylococcus aureus CECT 976 (S. aureus)
(MTCC-1144), and L. monocytogenes serovar 4b CECT
4032 (Spanish Type Culture Collection: CECT) (MTCC-
1143). Strains were maintained on an inclined agar medium
at 4°C. The bacteria were revived by two subcultures in an
appropriate culture medium: Luria-Bertoni (LB) broth at
37°C for 18-24 h. For the test, final inoculums concentrations
were about 10° CFU/ml.

Agar-well diffusion assay

To determine the diameter of inhibition of the extracts
against the four bacteria strains, we used the well diffusion
method.*! 10 ml of Muller-Hinton Agar medium are poured
in empty sterile Petri dishes. After gelling the medium,
sterile cylindrical wells having a diameter of 8§ mm are
placed in the boxes. A tube containing 6 ml of LB medium
(LB), supplemented with 0.8% agar, is inoculated with the
bacteria strains to be studied. The final concentration of the
bacteria is about 10° CFU/ml. The LB agar is then poured
gently into the Petri dishes. The cylinders are removed after
solidification of the medium creating wells which will be
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Table 1: Traditional uses of all the part of Garcinia mangostana in South-Asian folk medicines

Partused Mode of preparation = Route of administration Ethno-medicinal uses Reference
Bark Stem/root  Decoction Oral Amoebic dysentery
Decoction Oral Affection of genito-urinary tracts
Decoction External Aphtha or thrush
Decoction Oral Dysmenorrhea
Leaf Decoction External Aphtha or thrush
Decoction Oral Fever
Infusion External Wound infections and
inflammation
Decoction Oral Urinary disorder [8-10]
Peel/Rind Rubbing External Skin infection
Decoction Oral Dysentery
Maceration Oral Diarrhea
Ointment External Eczema
Decoction External Cystitis
Decoction External Gonorrhea
Pericarp Decoction Oral Intestinal Catarrh
Decoction Oral Dysentery
Infusion Oral Respiration disorders
Rubbing External Skin affection
Maceration Oral Diarrhea
Fresh External Arthritis
Fruit hulls Decoction External Skin infection
Infusion External Wound infections
Maceration Oral Diarrhea
Maceration Oral Chronic ulcer
Decoction External Abdominal pain
Decoction Oral Dysentery
Decoction External Suppuration

Table 2: Preliminary chemical screening of Garcinia
mangostana’s leaf

Phytochemical Name of the test Status

molecules

Alkaloids flavonoids Dragendorff's reagent®  +

tannins saponines  ghinoda’stest!?

terpenoids .

anthraquinones FeCl, Potassium 20

Anthocyanins ferrocyanide reagent
FeCl, Potassium ++
ferrocyanide reagent”
Salkowski’s testf?!! ++
Borntrager’s testf?? ++
Acid chlorydric +

reagent?

filled with 50 uL (2.5 mg/ml) of extract to be tested. Finally,
the dishes are incubated at 37°C for 24 h. The results are
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read by measuring the diameter of the zone of inhibition
around the wells. Each assay was carried in triplicated. The
inhibition diameter, which reflects the antibacterial extract
activity, can be observed by the appearance of transparent
circular inhibition zones around the wells.

Determination of the minimum inhibitory
concentration (MIC)

The MICs were determined by the microdilution method
as previously described.? This technique involves
inoculating decreasing concentration range of extracts.
After incubation, observation of the range makes it possible
to determine the MICs, which corresponds to the lowest
concentration of extract capable of inhibiting bacterial
growth. This experimental protocol was performed on a
sterile microdilution plate containing 96 wells. Series of
dilutions of extract were prepared in LB agar medium at
0.15%. Then to each well 50 ul of LB medium, 0.15% agar




is added and inoculated from a bacterial culture exponential
growth phase (106 CFU/ml). Control wells do not contain
extract. The plates are then incubated at 37°C for growth of
the bacterium for 18h. Afterward, resazurin (10 uL) is added
to facilitate the reading of the MICs by a change of color
which results in bacterial growth. When resazurin retains
its color, it corresponds to the MICs. All experiments were
performed in triplicate.

Determination of minimal bactericidal
concentration (MBC)

The MBCs correspond to the lowest concentration of extract
that can kill more than 99.9% of the initial bacterial inoculum
(<0.01% of survivors). It defines the bactericidal effect of a
test substance. The MBC was determined on solid medium.
Briefly, 10 uL are taken from wells, which have not undergone
any resazurin color transformation to be spread in Petri dishes
containing PCA medium, and the dishes are incubated at
room temperature for 24 h. The MBC (ug/ml) corresponds to
the lowest concentration that gives no bacterial subculture, so
the MBC of an extract is deduced from the first well exempt
of bacteria.”?*! All experiments were performed in triplicates.

Statistical analysis

Data were expressed as mean = standard deviation (SD)
of three determinations. Comparisons between means of
different groups were carried out using one-way analysis
of variance followed by least significant difference test,
using SPSS statistical software (version 15). Differences
were considered statistically significant at * P < 0.05 and
**P<0.001.

RESULTS
Phytochemical Screening

The phytochemical analysis of leaf extract of G. mangostana
indicated the presence of the phytochemicals tested in this
study, which constitute the major classes of chemicals
belonging to the secondary metabolism of plants [Table 2].
The results showed that leaves are rich in metabolites
but contains more saponins (++), Terpenoids (++) and
anthraquinones (++). Alkaloids were revealed with the
appearance of an orange precipitate using the Dragendorff
reagent. The presence of terpenoids was confirmed by a red-
brown coloration in the interphase between chloroform and
sulfuric acid. For anthraquinones, the Borntrdger reaction
showed a high positive red color. After de addition of a ferric
chloride solution, the black colored precipitate shows the
existence of tannins. Saponins were confirmed by a residual
foam formation. In a basic solution, the appearance of a blue
color revealed the presence of anthocyanins. Flavonoids gave
a purple coloration adding magnesium chips to an ethanolic
solution.
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Antibacterial Activity

The antibacterial activity of the medicinal plant
G. mangostana organic leaf extracts was investigated by
the agar-well diffusion assay against four bacterial strains;
two Gram-positive (Listeria monocytogenes and S. aureus)
and two Gram-negative (E. coli and P. aeruginosa). Results
are expressed in term of diameter (mm) of inhibition
[Table 3]. As presented in the table, all the extracts showed
important inhibition zones particularly against E. coli and
L. Monocytogenes. In fact, the n-hexane extract had the
highest inhibition values against E. coli (32 + 2.5 mm) and
L. Monocytogenes (33 + 2.2 mm). However, P. aeruginosa
was the most resistant strain to the organic extracts.
The dichloromethane extract showed lowest values. The
determination of the MIC and MBC was assessed by the
microdilution method and results are reported in Table 4. The
methanol and n-hexane extracts had the lowest MIC values
particularly against S. aureus (CMI=0.25 mg/ml). In addition,
methanol extract also showed a MIC value of 0.25 mg/ml
against L. Monocytogenes. When the values of MIC are equals
to MBC, the bactericidal effect of extract is obtained at the
minimal inhibitory concentration. In contrary to the result
of the well diffusion method, with the microdilution assay
n-hexane and methanol leaf extracts attempted to inhibit
P aeruginosa with a bactericidal action, while E. coli was the
most resistant to the action of all extracts.

DISCUSSION

There are many medicinal plants used in all regions of the world
to treat pathologies in traditional medicine and therapeutic. This
finding has led to a growing interest in the study of plants. They
are rich in various metabolites.” The vegetal metabolism is
subdivided in two parts; the first one is the primary metabolism,
which synthesized metabolites that are essentials to the survival
of the plant. They are involved in construction, operation,
and storage mechanisms, these metabolites usually have low
bioactivity. The second one is the secondary metabolism
also call specialized metabolism, involved in the protection,
communication, and adaptation of the plant to its environment,
they present a wide structural diversity. This chemodiversity
gives them their bioactivity.’! They are sometimes specific to
species and are synthesized in low quantities. The major groups
are alkaloids, polyphenols, and terpenoids.

With a preliminary phytochemical screening of
G. mangostana s leaf extract, we demonstrate the presence
of alkaloids, flavonoids, tannins, anthocyanin, and saponins
with a higher amount of anthraquinones and terpenoids. In
fact, anthraquinones includes a large spectrum of different
molecules specifically structured. Indeed, biological effects
of these molecules depend on their structure, nature, and
quantity. Many studies demonstrated the biological activities
of anthraquinones as an anti-oxidant, anti-bacterial, anti-
viral, anti- leishmanial, and anti-malarial.?”**! Terpenoids
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Table 3: Antibacterial activity of organic extracts (GMLD, GMLM, and GMLH) and reference antibiotics

(Erythromycin and Chloramphenicol) against four bacterial strains

Inhibition zone Escherichia coli Staphylococcus aureus Pseudomonas aeruginosa Listeria
diameters (mm) monocytogenes
GMLD 18+5.84* 14+1.5** na 29+1.6*
GMLM 31+4.7% 19+0.5** 18+0.8** 31+1.2*
GMLH 32+2.5% 20+1.0** 11+1.2** 33+2.2*
Erythromycin C 21+2.5 26+3.0 na 24+1.66
Chloramphenicol 33+0.5 29+1.75 24+1.66 27+2.33

Results are the meansz+standard deviations (SD) of triplicate determinations (n=3). (*P<0.05 and **P<0.001. na: Not active.
GMLD: G. mangostana leaf dichloromethane extract, GMLM: G. mangostana leaf methanol extract, GMLH: G. mangostana leaf n-hexane extract

Table 4: Minimal inhibitory concentration and minimal bactericidal concentration of the organic leaf extracts

against the four bacterial strains

Concentrations Escherichia coli

Staphylococcus aureus Pseudomonas aeruginosa Listeria monocytogenes

(mg/ml) MIC  MBC mIC MBC MIC MBC mIC MBC
GMLD >4 >4 1 1 4 4 2 >4
GMLM 1 2 0.25 0.5 0.5 0.5 0.25 0.5
GMLH 1 2 0.25 0.25 0.5 0.5 0.5 2

All values are means of three assays, GMLD: G. mangostana leaf dichloromethane extract, GMLM: G. mangostana leaf methanol extract,
GMLH: G. mangostana leaf n-hexane extract, MIC: Minimum inhibitory concentration, MBC: Minimal bactericidal concentration

Table 5: Highlight on the antibacterial activity of the different parts of G. mangostana in various studies

Plant part  Type of extract Bacterial strains  Experimental methods Inhibition zone References
diameter (mm)
Leaf Dichloromethane  E. coli Agar well diffusion method 18+5.84 Present study
Methanol S. Aureus 31+4.7
Hexane 32+2.5
14+1.5
19+0.5
20+1.0
Pericarp Methanol S. aureus Disc diffusion test 4.50+0.19 [37,38]
B. subtilis Filter-paper disk-agar 20.60+0.75
S. aureus diffusion technique 16.62+0.93
S. faecalis 17.11+£0.51
Peel/ Ethanol E. coli Total plate count method 15+1 [39]
Rind
Pulp Methanol S. aureus Disc diffusion test 2.31+£0.47 [37]
Seed Methanol S. aureus Disc diffusion test 9.00+1.16 [37]
Bark Methanol E. coli Agar well diffusion method Inhibition zone =10 [32]
B. subtilis
Whole fruit  Methanol S. aureus Agar diffusion test 5.00+0.05 [40]

E. coli: Escherichia coli, S. aureus: Staphylococcus aureus, P. aeruginosa: Pseudomonas aeruginosa, B. subtilis: Bacillus subtilis,

S. faecalis: Streptococcus faecalis

constitute also a large class of compounds known for their
anti-bacterial, anti-inflammatory, and cytotoxic activities.3*-3%
This evidence suggests that G. mangostana leaves grown in
Ivory Coast may have a strong antimicrobial activity with the
abundance of terpenoids and anthraquinones.

Moreover, traditional uses of this plant summarized in
Table 1 showed that all parts are used for traditional healing
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of various endemic diseases. Although anti-inflammatory,
anti-parasitic, and antipyretic activities could be possible
effects of treatments with G. mangostana, we noticed that
illnesses implicating bacterial infections are the most treated
by this plant. This evidence led us to focus on this biological
capacity. In fact, quantitative experiments should give a better
global appreciation. Thereby, in this study, we investigated
the anti-microbial activity of three organic leaf extracts




of G. mangostana. Bacterial infections are predominant
in industrialized countries but even more in sub-saharian
African countries like Ivory Coast. Many recent researches
data described multidrug-resistant and antibiotic-resistant
bacteria, which is the main cause of failures of treatment of
these diseases.’>* Type and degree of resistance depend
on various factors such as the host, environment, and the
pathogen. Synthetic molecules, used to treat infections, were
tested toxic to the human cells.?* Then, finding new molecules
or new natural therapeutic approaches is necessary to face
further antimicrobial infection. All organic extracts tested in
our study (n-hexane, methanol, and dichloromethane) have
a concrete antibacterial activity according to the two in vitro
method used, although the hexane extract generally showed
better pathogen inhibition. This activity could be explained
by the chemical composition of leaves. In the first method,
agar-well diffusion assay, results reveal the potential of
extracts against E. coli, while, with the microdilution assay,
these bacteria were quite resistant. In fact, diffusion technique
is a qualitative analyses method and microdilution liquid
method is quantitative. Moreover, it was demonstrated that
the antibacterial activity of extracts depends on the method
used to access this biological parameter. Methanol and
n-hexane extracts succeeded to the inhibition of P. aeruginosa
(MIC=MBC=0.5). This antimicrobial activity is even
more interesting because P. aeruginosa is one of the most
resistant strain to antibiotics often associated to opportunistic
immunodeficient diseases and nosocomial infection.?**” The
results suggest that there are molecules present in organic
extracts who had specific actions against the bacteria. As
shown in Table 5, comparing to results obtained with other
part of G. mangostana, at lower concentration, leaf extracts
had higher inhibition zone diameters. Thereby, leaves can be
most valuable candidate to replace actual antibiotics.

Studies conducted on the antibacterial potential of
G. mangostana leaf extracts with ethanol as solvent confirmed
our results.[*” Moreover, results obtained in our experiments
confirmed the antibacterial activity of this medicinal plant
used in traditional medicine against bacterial infections and
suggest that n-hexane and methanol leaf extract of this plant
have a better specify activity on bacterial strains particularly
against P. aeruginosa. In fact, antimicrobial activities of
Garcinia whole fruit rind, bark, pericarp, and isolated or
modified molecules showed lower pathogenic effects.[*] The
biological activity of leaves can be due to the interaction of
many components present in extracts.

CONCLUSION

This in vitro study demonstrated that while the fruits of
G. mangostana are widely studied for their biological
activities due to the abundance of xanthone identified and
isolated, leaves also represent an available source of potential
curative compounds. Antimicrobial activity of organic leaf
extracts could be a precious and natural alternative to solve
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the problem of resistance encounter against several bacterial
strains. Actual medication to treat bacterial infection used
pharmaceutical based on a single molecule, which sometimes
causes side effects.
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