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Address for ABSTRACT

Correspondence Infectious diseases continue to be an important public health

problem. Among them, candidiasis an opportunist fungal infection
especially in patients living with HIV / AIDS is on the increase. Our
research team tested different plant extracts (butanolic, hexane, ethyl
acetate, chloroform) of crude extract hydro-ethanolic obtained from
Eucalyptus sp on the in vitro growth of Candida tropicalis.

Among the 10 extracts tested, X;, has the highest inhibitory activity
(MFC = 125 pg/mL; ICs50=09.91 pg/mL). The method of preparation
of the extract (X;,) by partitioning of hydro-ethanolic extract in
different solvent mixtures is the best way to obtain the best active
principle concentration.
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INTRODUCTION

In developing countries, infectious This  situation has  worsened
diseases constitute major public health especially with the advent of HIV pandemia
problem due to their frequency and that is very difficult to eradicate and which

severity'. Indeed, they are the cause of more
than 17 million deaths yearly worldwide of
which more than half comes from Africa
alone’.
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generates various opportunistic infections
like bacterial, viral diseases and mycoses
due to immune deficiency’. Of these
infections, fungal infections have taken a
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considerable proportions* and those caused
by Candida are the most common in human
especially in patients living with HIV /
AIDS®®.

Despite the damage caused by
harmful microorganisms, the scientific
world has developed many anti-infective
treatments. These remedies have helped
reduce the incidence of infectious diseases
especially in developed countries’. But these
remedies remain inaccessible to people in
poor areas due to the expensive cost of
drugs. This precarious situation associated
with the emergence of multidrug-resistant
strains, leads the financially handicapped
population to use the pharmacopoeia for
their treatment needs'*"2.

To help this population cope with
this situation, our research team is assessing
the scientific basis and the effectiveness of
these therapeutic plants and isolate the
active principles for the development of
more effective and cheaper new drugs.
Ethnobotanical surveys have resulted in the
selection of several plants widely used by
traditional healers for their anti infectious
properties.

The objective of our study therefore
is to improve the anticandidosic activity of
hydro-ethanolic extracts from Eucalyptus sp
on the in vitro growth of Candida
tropicalis®.

MATERIAL AND METHODES
Material

Biologic material

The material used was some powder
obtained from the bark of Eucalyptus sp
coded EUCA. This plant has been identified
by the National Floristic Center of
University of Félix Houphouét-Boigny
(Céte d’Ivoire, Abidjan-Cocody).

Tested Germs

The germ wused in this study is
Candida tropicalis. It was provided by the
Mycology and Parasitology laboratory of the
Pasteur Institute in Abidjan (Céte d'Ivoire).
This microorganism was isolated from a
patient with recurrent vaginal discharge.

Culture medium

Sabouraud agar medium was used
for germs culture (Bio-RAD/Réf: 64449,
Lot: 8B2212) buffered to acid pH (5.7). A
suitable and commonly used culture medium
for growing fungal germs.

Methods

Preparation of extracts

Pieces of bark of Eucalyptus sp was
cut, collected and dried under shade, then
finely ground using an electric grinder.
From the obtained powder, crude hydro-
ethanolic extract was prepared. Thus: 100 g
of EUCA were extracted by homogenization
in blender with one liter (1 L) a solvent
mixture of ethanol-water 70/30, v/v. After
six cycles of crushing, the homogenate
obtained was first filtered in a square of
fabric and then filtered twice on absorbent
cotton and once on Wattman filter paper 3
mm successively. The filtrate obtained was
evaporated to dryness. We have obtained
hydro-ethanolic extract coded X.

Then, 4 portions of 10 g each of Xy
are subjected to a liquid/liquid partition in
300 mL of 4 different mixtures solvents
(hexane-water, ethyl acetate-water, Butanol-
water and chloroform-water; v/v, 50/50).
After settling, the various phases were
separated and concentrated under vacuum.
The following extracts were obtained:

Xi1.1: the hexane phase, X;,: the
aqueous phase from the hexane-water
partition, X5 ;: the ethyl acetate phase, X »:
the aqueous phase from the ethyl acetate-
water partition, X3 ;: the butanol phase, X3 :
the aqueous phase from the butanol-water
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partition, X4 ;: the chloroform phase and X
42 the aqueous phase from the chloroform-
water partition.

Preparation of culture medium

Sabouraud agar medium was
prepared according to the manufacturer's
instructions. Thus 42 g of the medium
powder were homogenized in 1000 mL of
distilled water (for the purpose of
manipulation, we had collected the
corresponding amount). This mixture was
stirred and heated on a heating magnetic
stirrer.

Incorporation of plant extracts

The incorporation of various plant
extracts into Sabouraud agar was done
following the method of double dilution in
slope tubes'*'°. For each plant extract, each
series consists of 10 test tubes, 8 of these
tests tubes contained plant extracts, and the
other 2 tubes are considered control tubes
one without plant extract and germs-free
served as control of the sterility of the
culture medium and the other without plant
extract used as a control for the growth of
germs. For the 8 test tubes concentrations
ranging from 2,000 to 15.62 pg/mL binding
by geometrical reason of 2.

After incorporation of the extracts,
all 10 tubes of each extract were removed by
the use of forceps sterilized by flaming at
121 °C for 15 minutes and then inclined to
room of the laboratory to cooling and
solidification of the agar'®".

Antimicrobial test

A young colony of Candida
tropicalis taken with a handle was
homogenized in 10 mL of sterilized distilled
water. This gives the suspension (10°)
concentrated to 10° cells/mL. From this
suspension, a second suspension (10") was
prepared by dilution of the first solution by

1/10™. This brings the concentration to 10°

cells/mL.

For each of the test tubes of each
series of 9 extracts (except the control tube
of sterility of the culture medium) the germs
culture was done on the agar slant
previously prepared culture medium by
seeding 10 mL of the 10" suspension in
transverse striations until exhaustion. This
corresponds to 1,000 cells. The cultures thus
produced were incubated at 30 °C for 48
hours.

After incubation, the colonies of
Candida tropicalis were counted with a pen
colony (N° 23382Scinceware Bel-Art
serial). Growth in eight (8) experimental
tubes of each series was evaluated as a
percentage of survival calculated relative to
11700 % survival in the control tube growth'>”

The analysis of experimental data
was used to determine the following
antifungal parameters:

e The Minimum Inhibitory Concentration
(MIC) 1is the lowest concentration for
which there is no growth visible to the
naked eyes.

e The Minimum Fungicide Concentration
(MFC) is the minimum concentration of
extract in the tube which gave 99.99 %
inhibition compared to the control tube
growth control tube or the concentration
which allows a survival of 0.01 %
relative to the growth control tube. It is
determined by a sterility test of the tube
corresponding to the MIC by inoculating
a sample taken from the agar surface of
the tube into a new agar.

e The concentration for 50% inhibition
(ICsp) is the concentration that gave 50
% 1inhibition estimated relative to the
number of counted colonies in the
control tube growth control tube. This
parameter is determined graphically.

AJPCT[2][7][2014]931-938



Guillaume et al

ISSN 2321 — 2748

RESULTS AND DISCUSSION

After 48 hours of incubation at 30 °C
we observed compared to the control tube, a
gradual decrease in the number of colonies
gradually as the concentration of plant
extract in the test tube increases. This was
observed for all series of 9 extracts. These
results are statistical averages of 6
experiments for each extract.

Moreover, clear and effective
inhibitions were obtained at different
concentrations depending on the extracts.
Experimental data represented as activities
curves are presented in Figure 1 for the
crude extracts (Xaq and Xo)"? and Figure 2
for extracts partitioned.

In general, all activity curves have a
decreasing pace with slopes greater or lesser
degree depending on extracts. Regarding the
crude extracts, the activity curve of the X,
extract has a stronger slope than X4 extract
(Figure ",

In Figure 2, the lowest slope was
obtained with X;;, average slopes were
obtained with X2-1, X2_2 and X4_1’ X3_1
extract. The steeper slopes were obtained
with X, X3, and X4, extracts, in particular
that of the X;, extract. The values of the
MFC and ICs for all the extracts are shown
in Table L.

The analysis of results obtained
show that the extracts are active on the
isolated fungal studied in a dose response
relationship. Indeed, we observed a
progressive decrease in the number of
colonies as the concentration of extracts in
the experimental tubes increases.

The comparison of crude extracts
based on the values of MFC shows that the
X extract (MFC = 250 pg/mL) has a better
activity than the Xy (MFC = 500 pg/mL)
extract. It is 2 times more active .

Comparing our results to those of
Kporou et al., 2009'® reveals that the hydro-
ethanolic extract of EUCA are significantly
more active than the MISCA-X, (MFC =

6250 pg/mL). It is 200 times on the same
isolate. In addition, this improved
performance was also observed by
comparing the activity of hydro-ethanolic
extract of EUCA to activity of hydro-
ethanolic extract of Salvia tigrina 50 %
tested by Dulger and Hacioglu in 2008" on
Candida tropicalis. Indeed these authors
obtained with leaves and roots’ bark of this
plant, the respective values of MFC 25000
pg/ml and 12500 pg/ml on Candida
tropicalis. The X, extract of EUCA is 100
and 50 times more active.

Regarding the partitioning, no
resistance of fungal germs was observed.
Moreover, this activity varies from one
extract to another. The most active extract
X1 is 16 times more active than X;i, 8
times more active than X ,_; and X4.; and 4
times more active than X, and 2 times
more active than X, (basic extract from
which it was prepared) and X3_;.

Furthermore, the activity of X, is
also better than that obtained by Kporou et
al., 2009"® with hexane extract X,_; (MFC=
3125ug/mL) on the same fungal germs. The
same for Fézan et al., 2007%" that obtained
with the dichloromethane and methanolic
extract 80 % of Erigeron floribundus MFC
values of 500 pg/mL and > 2000 pg/mL
respectively. The X;, extract is 4 times
more active than dichloromethane and more
than 16 times than methanolic extract 80 %.

This interesting activity of the
extracts of FEucalyptus sp confirms the
antimicrobial activity that this plant of the
genus Eucalyptus possesses. Indeed, Oyedeji
et al, in 1999*' showed significant
antibacterial activity (gram-positive and
gram-negative) and fungal (Candida
albicans) of essential oils from five varieties
of Eucalyptus in Nigeria. Similar result was
obtained by the work of Elaissi et al., in
2011* that tested the essential oil of
Eucalyptus odorata on the in vitro growth of
Staphylococcus aureus. According to Bashir
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et al., 20127, the Eucalyptus globulus
essential oil has an effect on Escherichia
coli and Staphylococcus aureus. The works
of Javad and Atefeh, 201024, they have
demonstrated the antimicrobial activity of
essential oils and methanolic extracts of
Eucalyptus largiflorens and Eucalyptus
intertexta.

CONCLUSIONS

This study elaborates the real anti-
infective potential of FEucalyptus sp. The
results of these investigations have led us to
understand that the extracts of this plant
have antifungal activity more or less
pronounced on the in vitro growth of
Candida tropicalis.

The method using in this study, gave
us the most active extract to be X;, (MFC =
125 pg/ml, ICso = 09.91 pg/ml) whose
anticandidosic activity is relatively high.

Therefore from our observation and
results obtained we can then conclude that
from a solvent mixture of ethanol-water
(70/30, v / v) followed by a partition in a
solvent mixture of hexane-water is the best
method to employ to better concentrate the
active components of EUCA. Thus, the use
of this plant as antimicrobial in traditional
medicine is justified.

ACKNOWLEDGEMENT

We want to extend our sincere thanks
to:

e All traditional healers who have revealed
the benefits of this plant in traditional
medicine

e Members of the Pharmacodynamic
biochemical Laboratory for their active
participation in this present work.

e Members of the national floristic center
Cote d’Ivoire for plant identification.

e Members of the National Laboratory of
Public Health in Coéte d'Ivoire for the
achievement of this work.

REFERENCES

1. Bourgeois A. Les MST/SIDA au Cameroun.
Biodiagnostic and therapy. Magasine bilingue
de santé au Cameroun 1999; N° 004.

2. OMS. Maladies infecticuses en Afrique.
Situation et perspectives d’action. 7™
Réunion du forum pour le partenariat avec
I’ Afrique. Moscou, Russie 2006; 19 p.

3. Schmutz JL et Barbaud A. "Dermatoses
virales": Herpés, Varicelle, Zona, Dermatoses
a poxvirus et entérovirus. Editions
Techniques. Encyclopédie Meédicale
Chirurgicale (Paris- France). Dermatologie
1995; 12-430-A-10: 289-298.

4. Hibbert DS, Donoghue MJ. Analysis of
character correlations among wood decay
mechanisms, mating systems, and substrate
ranges in homobasidiomycetes. Systematic
Biology 2001; 50: 215-242.

5. Lortholary O, Denis B. Infections fongiques
pulmonaires chez les patients séropositifs
pour le VIH. Revue des Maladies
Respiratoires 2013; 30: 682-695.

6. Charles D, Loulerque P, Viard JP, Drauer F,
Lortholary O. Infections fongiques au cours
de linfection par le virus de

I'immunodéficience humaine. Elsevier
Masson Consulte, Paris, France. 2007; 8-002-
C-10. 5 p.

7. Bonnin A. Transition commensal-pathogéne
au cours des candidoses invasives a Candida
albicans:  approches  moléculaires et
cellulaires. Académie nationale de médecine,
Paris, France (1947) 2012; 196 : 139-149.

8. Pihet M, Agnes M. Diagnostic biologique des
candidoses.  Revue  Francophone  des
Laboratoires 2013; Vol 2013, 47-61.

9. Soro D, Koné MW, Kamanzi AK. Evaluation
de D’activité antibactérienne et anti-radicale
libres de quelques taxons bioactifs de Cote
d’Ivoire. Europ. J. Sci. Res. 2010; 40: 307-
317.

10. Kaboré ZI, Millogo K, Koné H. Etude
antibactérienne in vitro d'extraits
alcaloidiques de Holarrhena floribunda
(Apocynaceae) vis-avis d'Escherichia coli
Entéropathogene, Sérotype 0127. Rev.
Pharma. et Méd. Tradi. Afr. 1997; IX: 17-23.

11. Akoua KC, Guessend N, Gbonon V, Faye-
kette AYH, Dosso M. Methicilline-resistant

AJPCT[2][7][2014]931-938



Guillaume et al

12.

13.

14.

15.

16.

17.

ISSN 2321 — 2748

of Staphylococcus aureus activity in Abidjan
(1998-2001): A new hospital problem.
Medecines Maladies Infectieuses 2004; 34:
132-36.

Guillemot D, Maugendre P, Vhauvin, Sermé
TC. Consommation des antibiotiques en
France. BEH 2004; 3233: 141-147.

Agré DJ, Ackah JAAB, Yayé YG, Kporou
KE, Loukou YG, Djaman AJ. Evaluation of
the anticandidosic activity of the crude
aqueous and ethanolic extracts of Eucalyptus
sp, a Myrtacee from the ivorian pharmacopeia
on the in vitro growth of Candida Albicans,
Candida Glabrata and Candida Tropicalis.
Journal of Advances in Biology 2014; 4 (3):
539-545.

Holt JR. Laboratory test of antifungal drugs;
Journal of Clinical Pathology 1975; 1 (18):
767-774.

Zirthi GN, Kra AKM, Guede-Guina F.
Evaluation de [Iactivit¢é antifongique de
Microglossa pyrifolia (Larmarck) O. kuntze
(Asteraceae) “PYMI” sur la croissance in
vitro de Candida albicans. Revue Meéd.
Pharm. Afr.2003; 17 :11-18.

Ackah JAAB, Kra AKM, Zirihi GN, Guédé-
Guina F. Evaluation de l'activité antifongique
de TEKAM, un extrait de plante, sur la
croissance in vitro de Candida albicans. Rev.
Ivoir. Sci. Technol. 2008; 11: 119 -129.

Yayé YG, Kra AKM, Ackah JAAB, Djaman
AlJ. Evaluation de I’activité antifongique et
essai de purification des principes actifs des
extraits de Terminalia mantaly (H. Perrier),
une combretacée, sur la croissance in vitro de

18.

19.

20.

21.

22.

23.

24.

Candida albicans. Bulletin de la Soc. Roy. des
Sces de Liege 2011; 80: 953-964.

Kporou KE, Kra AKM, Ouattara S, Guede-
Guina F, Djaman AJ. Evaluation de ’activite
antifongique de Mitracarpus scaber sur
Candida tropicalis. J. Sci. Pharm. Biol. 2009;
10:13-20.

Dulger B, Hacioglu N. Antifungal Activity of
Endemic Salvia tigrina in Turkey. Tropical
Journal of Pharmaceutical Research 2008; 7:
1051-1054.

Fézan H, Tra Bi, N'guessan FK, Anne F,
Karim F. Activité antifongique de quelques
plantes de la flore ivoirienne. Sci. & Nat.
2007; 4 (2): 117-122.

Oyedeji AO, Ekundayo O, Olawore ON,
Adenivi BA, Koenig WA. Antimicrobial
activity of the essential oils of five Eucalyptus
species growing in Nigeria. Fifoterapia 1999;
70: 526-528.

Elaissi A, Salah KH, Mabrouk S, Larbi KM,
Chemli R, Harzallah-Skhiri F. Antibacterial
activity and chemical composition of 20
Eucalyptus  species essential oils. Food
Chemistry, 2011; 129 (4): 1427-1434.

Bachir RG, Benali M. Antibacterial activity of
the essential oils from the leaves of
Eucalyptus globulus against Escherichia coli
and Staphylococcus aureus. Asian Pacific
Journal of Tropical Biomedicine, 2012; 2:
739-742.

Javad S-G, Atefeh AA. Antimicrobial and
antifungal properties of the essential oil and
methanol extracts of Fucalyptus largiflorens
and Eucalyptus intertexta. Pharmacogn. Mag.
2010;6(23):172-175.

AJPCT[2][7][2014]931-938



Guillaume et al ISSN 2321 — 2748

Table 1. Values of antifungal parameter of different extracts of EUCA

Antifungal parameter
Different extracts of EUCA

Clso pug/mL MFC pg/mL
Xaq 21.30 500
Xo 11.15 250
X141 98.21 2000
X12 09.91 125
X541 19.52 1000
X5 12.35 500
X34 10.62 250
X3 11.51 125
X441 14.75 1000
X422 11.71 125
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Figure 1. Activity curves of crude extracts X,q and X, on in vitro growth of
Candida tropicalis®
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Figure 2. Activity curves of partitioned extract of X, on the in vitro growth of
Candida tropicalis
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