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ABSTRACT

The objective of present paper was to determine the antifungal activity of the
Eucalyptus tereticornis (Myrtaceae) essential oil and two fractions on the Fusarium
oxysporum mushroom, a pathogen with clinical and agricultural significance. The total
citronelal (44.8 %) and geraniol (9.78 %) essential oil had a fungicidal effect at a 3
g/L concentration and a fungicidal activity at small concentrations. The A and B
fractions composed most of p-mentane-3,8-diol (18.95 %) and geraniol acetate
(24.34 %), respectively were more active than the total extract. The observations at
microscopic level showed damages and changes in hyphae and chlamydospores, as
well as a decrease in the number of conidia. The observed fungicidal activity and the
morphologic damages were dependent on the concentration.

Key words: Eucalyptus tereticornis, Fusarium oxysporum, fungicidal activity,
essential oils.

RESUMEN

El objetivo de este trabajo fue determinar la actividad antifingica del aceite esencial
de Eucalyptus tereticornis (Myrtaceae) y 2 fracciones sobre el hongo Fusarium
oxysporum, patégeno de importancia tanto clinica como agricola. El aceite esencial
total, compuesto principalmente por citronelal (44,8 %), citronelol (9,78 %) present6
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un efecto fungicida a una concentracion de 3 g/L y actividad fungistatica a
concentraciones menores. La fracciones A y B compuestas en su mayoria por p-
mentano-3,8-diol (18,95 %) y acetato de citronelol (24,34 %) respectivamente
fueron mas activas que el extracto total. Las observaciones a nivel microscoépico
mostraron dafios y cambios en hifas y clamidosporas, asi como disminucién en el
numero de conidias. La actividad fungistatica observada y los dafios morfologicos
fueron dependientes de la concentracion.

Palabras clave: Eucalyptus tereticornis, Fusarium oxysporum, actividad fungicida,
aceites esenciales.

INTRODUCTION

Various species of Fusarium have been reported to affect wheat plantations causing
contamination due to the production of mycotoxins, becoming a risk factor in animals
and humans® and causing considerable financial losses.?® Over the past years, there
has been an increase in their appearance in human infections, and is currently
considered the second invasive infection-causing fungus in patients with
immunosuppression, and is associated with high rates of morbility and mortality.*>
The genus contains 100 species of which the most known as pathogens are Fusarium
solani and Fusarium oxysporum. However, there are other species that have been
reported as plant, animal, and human pathogens.® The Fusarium species are resistant
in vitro to the majority of fungicides approved for the mycosis treatment in humans
such as those of the azole and polyene types, which are the ones most commonly
used.’” Large quantities of essential oils are known for exerting antifungal activity.®**
The aim of this study was to determine the fungicidal activity of the oil by
morphological assessment of damage caused and the effect of total oil composition on
the biological activity.

METHODS

Essential oils Extraction

Eucalyptus tereticornis (Myrtaceae) leaves collected from a plant located in the
Universidad de Antioquia (Medellin), city with a humid subtropical climate,
temperature between 16 and 28 °C. The specie was identified and kept in the
Universidad de Antioquia Herbarium with the register number HUA 2923. The
essential oil were obtained by hydro distillation of the fresh material. The oil collected
was dried over anhydro sodium sulphate resulting in a yellow, translucid liquid with a
density of 0.855 g/mL, with a yield of 0.89 %.

Fractionation of essential oil by column chromatography

Five grams of the total extract of the essential oil from E. tereticornis were weighed
and separated into a column packed with silica gel 60 F using benzene/ethyl acetate
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as an elution system in a proportion of v/v 98:2 with progressive increment of the
ethyl acetate quantity until obtaining a proportion of 10 % with respect to the
quantity of benzene used at the beginning of the separation.

GC/MS analysis of the essential oil and its fractions

The essential oil and its principal fractions obtained by column chromatography were
analyzed by gas chromatography GC (Agilent 6890) by injecting 1 uL of solutions with
a concentration of 1 g/L in hexane for each of the samples analyzed in a HP5 MS
column (cross linked 5 % PH ME siloxane) with dimensions of 30 m x 0.25 mm X 0.25
um. The starting temperature was 60 °C for 10 min, then 250 °C for 15 min, and
finally 280 °C for 10 min in the post run; electronic impact at 70 ev. The
quantification of the components was expressed as relative percentages of the total
area of the chromatograms.

The identification of the components of the essential oil and its fractions was based on
the patterns of fragmentation obtained in their mass spectra in comparison to the
mass spectra of the databases of Wiley or NIST 2005.

Fugal strain

The fungus used in the evaluation of the fungicide activity was Fusarium oxysporum,
identified in the Center of Microbiological Research (CIMIC) of the Universidad de Los
Andes in Bogota (Colombia) and kept in the microbiology laboratory of the Grupo
Interdisciplinario de Estudios Moleculares of the Universidad de Antioquia.

Antifungal Assay

Potato dextrose agar (PDA) was the culture medium used. Essential oil concentrations
were prepared at 0.01, 0.1, 1, 2, 3, and 4 g/L, in a volume of 13 mL of agar, adding
the corresponding amounts of each in test tubes with the sterile medium, melted and
cooled to 45 ©C. Each tube was placed in a vortex at 3000 r-m™ to homogenize the
mixture of agar and oil. The mixture was poured into sterile petri dishes until the
medium had solidified. A 0.5 cm-diameter slice of fungus mycelium was planted and
incubated at room temperature for 10 days (until the fungus corresponding to the
control reached the full petri dish diameter). Culture medium PDA without extract was
used as the blank, and the commercial fungicide Dithane FMB was used as the
positive control at the concentration recommended by the manufacturers (10 g/L).

A growth kinetic was followed by evaluating the diameter every 24 h for
approximately 10 days. The inhibition percentages were calculated with the following
algorithm.

Inhibition %= [dc - dt]/dc* 100

dc= colony diameter in the control (cm) and dt= colony diameter in the treatment
(cm). Three replicas were made for each treatment.

Effects on the fungus structures

The morphological effects caused by the oil were determined by the comparative
analysis of the structures observed in the control and in each of the treatments under
an optical microscope model BX50 Olympus® at (1 000 X).
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Conidia recount

An area of 0.5 cm of the culture medium was taken where the mycelium growth was
uniform both for the control and each of the treatments. The mycelium was removed
and placed in a test tube containing 1 mL of peptonated water. A drop of tween 20
was added to each test tube and was sonicated for 30 min to ensure the release of
the spores and conidia. Subsequently, 10 uL were taken from each tube and the
number of spores was recounted in the Neubauer chamber.

Statistical analysis

Clso and CMI were determined by means of regression analysis using Statgraphics
plus, version 5.1.

RESULTS

Composition analysis by GC/MS

The composition of the extract and of fractions A and B is shown on table, which
shows that main components of the total extract correspond to citronellal, citronellol,
citronellic acid, and linalool epoxide, whereas for fraction A p-menthane-3,8-diol,
caryophyllene oxide and 2,2-dimethyl-5-(1-methyl-ethyl)-tetrahydrofuran stood out.
Citronellic acid and linalool epoxide stood out in fraction B.

Table. Identification and relative composition of E. tereticornis and its fractions

(A and B)
No. Compound E. tereticornis Fraction A Fraction B
1 Pinene 1.58 - -
2 1.8 cineole 3.10 - -
3 2,6- dimethyl-5-Heptenal, 2.44 - -
4 Citronellal 44.8 - 1,46
5 Citronellol 9.78 - 1.89
6 Epoxy-linalooloxide 7.59 1.65 6.27
7 Citronellic acid 6.47 - 9.14
8 Citronellol acetate 1,06 - 24.34
9 p-menthane-3,8-diol 1.0 18.95 1.08
10 | Caryophyllene oxide 1.26 511 -
11 | No ident 2.0 8.20 -
12 | No ident 1.06 2.93 -
13 | No ident 1.16 -
14 | 2,6-dimethyl-6-Hepten-2-ol 2.57 -
15 | No ident + 2.06 2,46
16 | 2,2-dimethyl-5-(1-methylethyl) 1.61 9.47 5.05
tetrahydrofuran
17 | Myrcenol - 8.20 -
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18 Isomentone * 6.79 -
19 | 5-methyl-2-(1-methylethyl) 1.26 2.58 -
Cyclohexanone

20 | Citronellol epoxide * 5.84 -
21 | 5,9-dimethyl-1-decanol * 2.2

22 | No ident * 1.36 -
23 | Hidroxi citronellal * 2.41 1.47
24 | Citronellyl isobutyrate +/- - 1.17
25 | No ident * - 1.97
26 | No ident * - 5.42
27 | No ident * - 2.46
28 | No ident * - 2.76

*Peak that has a total area percentage inferior to 1%; +/-: peak
partially identified with a maximum percentage of 10 % of the total area of
compounds identified; -: compound absent in the sample analyzed.

Fungicidal activity of the essential oil from E. tereticornis and fractions on F.
oxysporum

The results of the inhibiting effect of the oil are presented on figure 1, on which the
speed of fungus growth is shown as a function of total oil concentration. Each point on
the graph represents the value of the slope obtained from the growth curves for each
concentration and shows how the speed of growth decreases as oil concentration
increases, reaching a very low rate (0.12 cm/day) at 2 g/L and becomes zero when
the concentration is near 3 g/L. The control presented a growth rate of 1.03 cm/day.
The essential oil from E. tereticornis had a greater inhibiting activity than the Dithane
FMB fungicide used at the concentration recommended by the manufacturers (1 %
w/w) and which is equivalent to 10 g/L; at this concentration of commercial product
the fungus grows at 0.42 cm/day, while at an oil concentration 10 times lower (1
g/L), the fungus grows at 0.23 cm/day demonstrating an activity almost two times
greater than the commercial fungicide.
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Fig. 1. Growth rate of £ oxwsporum against different concentrations
of Eucalyptus ai,

The calculated values for the 50 % inhibitory and minimum inhibitory concentrations
were IC5o= 0.6718 g/L MIC= 2.687 g/ L, respectively.

These were obtained with the equation adjusted for the model of regression: %
Inhibition= 1.73(concentration)”’? r’>= 99.7 and P-value= 0.0041.The fungicide
activity of fractions A and B was evaluated at two concentrations. The respective
inhibition percentages at 0.5 g/L were of 50.8 and 76.15 %, while at 1 g/L both
fractions revealed a total inhibition of fungus growth.

Effects on the fungus structures

The effects on fungus morphology by the oil at concentrations of 0.01, 0.1,1 and 2
g/L can be observed in greater detail at microscopic level.

The most notorious effects, observed under optical microscope, were the damage to
hyphae, which were affected at an oil concentration of 2 g/L, figure 2 (a and f). The
effects on fungus reproductive structures such as conidia and macroconidia showed
an inverse correlation with the essential oil concentration.
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Fig. 2. Effect of Eucalyptus ail on the production of fungal conidia.

Conidia recount

Conidia recount in each of the treatments revealed a decrease in number with respect
to the control. The values are shown on figure 3. The effects on fungus reproductive
structures such as conidia showed an inverse correlation with the essential oil
concentration since its production significantly decreased as the concentration
increased. A decrease in chlamydospores, structures that offer fungi resistance under
unfavorable conditions.
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fay and (b} contral, the structure of the mycelium is homogeneous
and clearly defined, presence of abundant chlamydospores and
microconidia; {c) and {d)y at 0.01 and 0.1 g/L no significant differences
are observed in the mycelium and chlamydospores; (e} and
(1 £ owpsporumn mycelium at 2 g/l Hyphae appear discolored, some
with atypical cytoplasmatic granules and absence of chlamydospores,

Fig. 3. £ oxysporun mycelium growing in the midst of PDA
culture with Bucalvptus tereficornis essential oil after 10 days of
incubation at room temperature,

DISCUSION

The fungistatic activity shown by the essential oil extract from E. tereticornis at
concentrations inferior to 3 g/L was evident when observed under a microscope.
Effects on fungus morphology are observed, especially on hyphae. This explains the
reduction in mycelium growth as well as its depigmentation. Similar studies have
reported the effect of essential oils against fungi such as Aspergillus niger and A.
parasiticus'® where there are irreversible effects caused (on a structural level) on
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wall, membrane, and hyphae, as well as on the production of some damaging
metabolites or mycotoxins such as aflatoxins.*?

This study shows the morphology alterations caused by E. tereticornis essential oil on
the pathogenic fungus Fusarium oxysporum at the level of cell structures. The most
notorious effects, observed under optical microscope, were the damage to hyphae,
which were affected at an oil concentration of 2 g/L. In the same manner, the effects
on fungus reproductive structures such as conidia and macroconidia showed an
inverse correlation with the total essential oil concentration. A decrease in
chlamydospores, structures that offer fungi resistance under unfavorable conditions,
was also evidenced in the microscope observations.

Despite the differences in the composition of essential oil of E. tereticornis shown in a
number of reports,***® is common in them to find compounds such as 1.8 cineol, p-
cymene and p-menthane-3 ,8-diol, some also found in our study.

The increment in fungicide activity when carrying out the chromatographic separation
showed that the composition of the mixture is an important factor in the activity, this
has been discussed in similar studies on phytopathogenic fungi'® given that the type
of compound and its concentration determines the level of the activity and certain
components of the mixture or its combination could imply a synergistic behavior in
the biological activity.

It is important to note that both fractions are more active than the total extract.
Fraction B shares eight of its components with the total extract (4, 5, 9, 25, 26, 27,
28, and 29) with a notable increase in the percentage of citronellol acetate with
respect to total extract; this fraction was also the one of greatest fungicide activity.
Although it cannot be discarded that the diverse components present in the total
extract participate in the fungicide activity, the notable activity increase of the
fractions and their closeness in composition may indicate that the common
components have a greater weight in the fungicide activity.

This evidence supports the possibility of using essential eucalyptus oils for the control
of pathogenic fungi in medical and agricultural contexts.

CONCLUSION

In this report we provide evidence on the mechanism of antifungal action of essential
oil of E. tereticornis on the pathogenic fungus F. oxysporum
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