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Abstract. Mucormycosis is an uncommon but life-threatening invasive fungal
infection, mostly occurs in immunocompromised patients. Lacking the appropriate
antifungal drugs is one of the reasons that lead to difficulties in the management of
mucormycosis. Curcuma longa has been used traditionally and widely to treat
various diseases, including fungal infections. In the search for novel antifungal
compounds from natural resources, we evaluated the effect of rhizome crude
extract of C. longa on Mucor circinelloides — a causal agent of mucormycosis. The
results of screening, using broth dilution method and agar-well diffusion method,
showed that the C. longa extract exhibited promising antifungal activity against the
fungus M. circinelloides. In liquid medium, C. longa extract decreased the ability
of spore germination and the speed of hyphae formation of M. circinelloides
decreased by up to approximately 70% and 90%, respectively. Besides, in a solid
medium, the crude extract presented similar activity with amphotericin B (400
ug/mL) in decreasing the growth of M. circinelloides by nearly 77%. Moreover, the
extract of C. longa also likely to induce the yeast-like type of growth of the
dimorphic M. circinelloides in the early stage. These results suggest the plant could
be a potential source for further study on biochemical components and the
mechanism of its antifungal activity.
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1. Introduction

Mucormycosis (previously called zygomycosis), refers to several different diseases
caused by fungi in the order Mucorales, which is described as an infrequently but acute
infection, with a difficult diagnosis, accelerated progress, and unsatisfactory treatment,
leading to exceptionally high mortality rates [1]. The lethal infection generally afflicting
immunocompromised patients as an opportunistic infection with risk factors include
diabetes mellitus, neutropenia, HIV/AIDS, organ transplant, broad-spectrum antibiotic
using, etc. [1-3]. Immunocompromised patients who suffered severe injuries that primarily
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break the integrity of the cutaneous barrier are also able to be affected [3]. The
mortality rate can approach more than 90%, while the overall all-cause mortality rate
surpasses 50% [4]. Recent reports have shown that mucormycosis has emerged as the
second most common invasive mold infection [5, 6].

Mucor circinelloides, one causal agent of mucormycosis, is a ubiquitous dimorphic
fungal belong to Mucorales, which can be found in soil and decaying matter. To be
described relating to the virulence, the pathogenic fungus exhibits either hyphae or
yeast-like growth depending upon the level of O in the culturing conditions [7-9]. The
size and the shape of sporangiospores are also linked to the virulence of M.
circinelloides [10].

In current practice, antifungal therapy is one of the essential elements in the
treatment of mucormycosis. Nevertheless, one of the obstacles that lead to difficulties in
the management of the fatal disease is the variability of susceptibility to the first-line
antifungal agent (amphotericin B) and the resistance to most other conventional
antifungal agents [2]. Moreover, the treatment with amphotericin B, especially in long-
term periods, can lead to some unexpected side effects in patients [11]. Therefore, it is a
question of developing innovative antifungal therapies.

Curcuma longa Linn. (Turmeric), which belongs to the Zingiberaceae family, is
used widely and traditionally, fresh or dried, in food as a spice, in cosmetics,
pharmaceutical [12], and also served as a food coloring and chemical indicator [13].
Extract and the essential oil from C. longa inhibit the growth of a variety of bacteria,
parasites, and pathogenic fungi. The extracts of C. longa in different solvents as well as
the C. longa essential oils demonstrated effective activities against numerous
phytophagous fungi [14, 15]. C. longa extracts and distilled oil also showed potent
antifungal activities to many pathogenic yeasts and molds [16-18]. Noticeably, ethanol
crude extract of C. longa presents considerable activities against several species of
Mucorales, including Rhizopus oryzae - the most causative organism of mucormycosis,
along with other two Mucor species [19, 20]. The amazing antifungal abilities of C. longa
suggest that the plant extract might contain promising compounds that could control
M. circinelloides. Thus, in this study, the rhizome crude extract of C. longa had been
screened for the potential of inhibition against the pathogenic fungal M. circinelloides.

2. Content
2.1. Materials

* Plant materials

The fresh rhizome of C. longa was kindly provided and identified by the
Department of Botany, Faculty of Biology, Hanoi National University of Education.

* Fungal strain

The wild type for carotenogenesis, leucine-auxotrophic (leuA’) R7B strain of
M. circinelloides (kindly provided by University of Murcia, Spain), was used for testing
the antifungal activities of the plant extracts. It is a mutant strain derived from the
sequenced CBS277.29 strain by the Joint Genome Institute [21].
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2.2. Methods
2.2.1. Preparation of plant extracts

Fresh material was collected and washed thoroughly, first with running tap water,
and then with distilled water, oven-dried at 50 °C until completely dry. The dried plant
was ground to a fine powder, sealed carefully, and stored at -20 °C until use.

The plant extract was prepared according to the previously described protocol by
Nguyen et al. [22] with some modifications. The amount of 1 g dried plant material was
extracted with 10 mL of methanol, shaken vigorously, then soaking at 50 °C for at least
24 hours. The liquid was filtered, then concentrated by extensive evaporating of the
solvent using an air dryer at room temperature. The collected extract was dissolved
properly in ethanol (1 mL per 1 g dried powder), then centrifuged (5000 rpm, 5 minutes).
The supernatant was collected and adjusted to the final solution of 1 g/mL (plant dried
weight equivalent, DWE) in concentration.

2.2.2. Fungal culture and the collection of vegetative spores

M. circinelloides was cultured and grown to collect the vegetative spores according
to the protocols (Basic Protocol 1 and Basic Protocol 2) indicated by Vellanki et al. [23].
The growth and sporulation of M. circinelloides were proceeded on a solid medium,
using YPG pH 4.5 (Yeast-Peptone-Glucose media) agar plates. Besides, the fungus was
grown in a growth chamber with continuous light at 26 °C. The collection of fresh
spores generated from mycelia on a solid medium resulted in the sporangial suspensions
in sterile distilled water. The sporangial suspension concentration was estimated using a
Neubauer cell-counting chamber, then maintained with periodic sub-culturing at 4°C.
2.2.3. Evaluate the antifungal activities of the plant extracts

The bioassay procedure to determine the antifungal activities of natural plant
extracts, in comparison with the liposomal form of amphotericin B, was obtained by
using two methods: broth dilution and agar-well diffusion.

* Amphotericin B agent preparation

The powder of amphotericin B for injection (AMPHOTRET, Bharat Serums and
Vaccines Limited, India) was diluted with sterilized deionized water and adjust to the
concentration of 1 mg/mL (stock solution) right before use.

* Broth dilution method

The assay was conducted based on the method of Clinical and Laboratory
Standards Institute (CLSI) [24] with modifications. The fresh vegetative spores of the
R7B strain were cultured to have a 20 mL volume of pH 4.5 YPG liquid medium in a
sterile 250 mL Erlenmeyer flask with the sporangial concentration was adjusted to 10°
CFU/mL. Then, the prepared plant extract was added with an appropriate volume to
obtain a serial of different concentrations, ranging from 0.5 to 4.0 mg/mL in DWE,
while in control groups, absolute ethanol and solution of amphotericin B were added
with the same volume. Prepared Erlenmeyer flasks were kept overnight at 4 °C,
followed by incubating at 26 °C with shaking at 200 rpm for 6 - 7 hours. The bioassay
was carried out in duplicate.

The specimens taken each hour were observed and photographed by using a
computer connected microscope system (ZEISS Axio Scope.Al with Axiocam 105
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Color) and ZEN 2.6 software. All snapshots were used for acquiring data utilizing the
calculation to obtain the germinating spore ratios (GSRs) and the polarity indexes (PIs) [25]
in the following formulas:

GSR = Number of germinated spores Cell length

Total number of spores ~ Cell width

The total number of spores and the number of germinated spores were counted
manually. The length and the width of the fungal hyphae were measured utilizing
ImageJ software (n = 50).

* Agar-well diffusion method

The experiment was designed as described by Andrew et al. [26] with some
modifications. Plates for the tests were prepared by dispensing 30 mL of YPG (pH 4.5)
sterile solid medium into #100 mm sterile Petri disks. Then 5x10* fungal spores of test
strain were inoculated to the plate and uniformly spread out over the entire surface of
the agar medium.

Cylindrical plugs having a diameter of 10.0 mm were removed from the solidified
agar plates to create an aseptic well. Next, 200 uL of different diluted solutions of plant
extracts were introduced to the wells to acquire a serial of concentrations, ranging from
50 to 400 mg/mL in DWE. Absolute ethanol and solution of amphotericin B 400 pg/mL
were run as the negative and positive control groups for the tests. Plates prepared as
described were kept at 4 °C overnight for the complete diffusion before incubating at 26 °C
in the dark for 120 hours, and the diameters of the growth inhibition area (in millimeters,
includes the good diameter) were measured every 24 hours. Morphology of fungal
colonies and mycelia also were observed. The bioassay was performed in triplicate.

For each assay, the percentage inhibition of diameter growth (PIDGs) [27] and the
relative inhibition zone diameter (R1ZDs) [28] after 120 hours, in comparison with
those of the negative and positive control groups, respectively, also were calculated
according to the following equations.

Diameter of sample—Diameter of negative control

X 100

PIDG (%) =

Diameter of negative control

Diameter of sample—Diameter of negative control

RIZD (%) = X 100.

Diameter of positive control-Diameter of negative control

2.2.4. Data analysis

Obtained data were kept in Microsoft Excel and analyzed using one-way analysis of
variance (ANOVA) with significant a = 0.05. Sample data that had p-values were less
than a are considered to have statistical differences.
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2.3. Results and discussions

2.3.1. Effects of the C. longa extract on the growth of M. circinelloides during the
early stage

Since the ability of spore germination and the hyphae formation have been found to
associate with the virulence of M. circinelloides, it is important to evaluate the effects of
experimental plant extract on these features of the pathogenic fungus. The dilution
method as described was used to assess those aspects in the early growth stage, in which
the vegetative spores germinate and develop hyphae (from 0 to 12 hours of culturing) [29].
Data about GSRs and Pls after 6 hours of culturing were shown in Table 1 in form of
mean + standard deviation.

Based on the results of the test, the extract from the rhizome of C. longa displayed a
considerable activity of growth inhibition on vegetative spores of M. circinelloides.

Table 1. The GSRs and the Pls represent the ability of spore germination

and the speed of hyphae formation, respectively, of M. circinelloides upon exposure
with the rhizome crude extract of C. longa after 6 hours of culturing (p < 0.05)

_ GSR (%) Pl
Negative control
60.2+14.5 15.2+1.3
0.5 27.949.5° 1.61+0.4°
1 22.744.3 1.440.2¢
C. longa extract 2 26.8+14.5° 1.340.2°
(mg/mL)

3 26.3+11.0% 1.54+0.3%
4 19.4+7.1° 1.6+0.1%

Amphotericin B (1 pg/mL) 4.0+1.6 <1.0

The rhizome crude extract of C. longa performed a significant inhibition on both
GSRs and Pls, which refer to the capacity in the germination and the hyphae formation
of the vegetative spores. Compare to the negative control group, the C. longa extract
was able to reduce notably those quotients (by more than 50% with GSRs and 90% with
PIs) right at the low concentrations. However, the effect likely to remain the same as the
concentration of the extract increases.

The formation and development of the hyphae contribute greatly to the virulence
of M. circinelloides, which is a non-dermatophyte, invasive fungus. The yeast-like type
of growth has been reported to be less virulent than the type of hyphae growth [7, 8].
The link between dimorphism and virulence has been becoming a new and promising
target to develop compounds against mucormycosis. M. circinelloidesis one of
the Mucor species displaying dimorphism, growing as multi-budded yeasts in anaerobic
conditions, and as hyphae forming a mycelium in aerobic conditions. There are also
chemical compounds inhibiting the mitochondrial function that can induce the yeast
form, even in aerobic conditions, such as inhibitors of the electron transport chain,
oxidative phosphorylation, and inhibitors of the synthesis of mitochondrial proteins [8, 30].
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These observations suggest an active connection between aerobic respiration and the
morphology of Mucor species.

The effects of the plant extraction on morphology and the growth type of M.
circinelloides also were concerned due to their important distribution to the virulence of
the fungus. In liquid YPG medium, the extract of C. longa seemed to induce the yeast-
like growth of dimorphic M. circinelloides at the early stage of growth, despite being in
aerobic culturing condition, especially in high concentration (Figure 1), resulting in very
low PI1 values. This result suggests that the C. longa extract may contain one or some
phytochemicals, which can affect the aerobic respiration of the fungal cell and might
reduce the virulence of the Mucor fungus. This discovery also can make the extraction
of C. longa be considered as a promising tool for control pathogenic fungal growth.
However, further tests are needed to proceed for understanding better the impacts of the
extract toward M. circinelloides, especially in the late growth stages.
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Figure 1. The multi-polar budding yeast of M. circinelloides after 7 hours exposure
with the crude extract of C. longa (A-C), compared to the negative control (D)
*Concentration of the plant extracts: A: 2.0 mg/mL, B: 3.0 mg/mL, C: 4.0 mg/mL

2.3.2. Effects of the C. longa extract on the growth of M. circinelloides during the
late stage

To investigate the effects of the plant crude extracts on the growth of M.
circinelloides during the late growth stage (include arthrospores development,
sporulation, and spreading [30], which take 3 to 5 days post-inoculation [31]) the
evaluation by using agar well diffusion method was facilitated. Obtained results after
120 hours (5 days) of continuous culturing were shown in Table 2 in form of mean +
standard deviation (mm). Processed data were illustrated in Figure 2.

87



Nguyen Anh Phuong, Le Thi Tuyet Mai and Trieu Anh Trung

Table 2. Growth inhibitory activity of C. longa rhizome crude extract
on M. circinelloides determined by agar well diffusion method
(ZOl: zone of inhibition in mm) (p < 0.05)

) ZOIl (mm)
Negative control
10.00
50 13.17+1.26
100 14.67+1.53
C. longa extract (mg/mL) 200 15.50+1.32
300 16.17+£1.04
400 17.67+0.58?
Amphotericin B (400 pg/mL) 17.83+0.292
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Figure 2. The PIDGs (%) and the RI1ZDs (%) of M. circinelloides upon exposure
with the C. longa rhizome crude extract

The PIDGs evaluation represents the percentage of growth of inhibition of M.
circinelloides upon exposure with the C. longa extract compared to the negative control;
and the RIZDs evaluation represents the relative inhibitory ability of the extract on M.
circinelloides compared to amphotericin B 400 pug/mL (100%). In a solid medium, M.
circinelloides still exhibited a considerable susceptibility toward the crude extract of C.
longa. At high concentrations (300 and 400 mg/mL), the extract even showed inhibitory
activities that are similar to amphotericin B 400 pg/mL in the positive control. About
the effect on the morphology, after a longer culturing period in a solid medium (YPG,
agar plate, pH 4.5 for at least 120 hours), M. circinelloides still could develop and
spread out in mycelium form under the exposure with the rhizome extract of C. longa
(Figure 3).

These observations demonstrate that the extract Curcuma plant could induce the yeast-
like growth of the Mucor fungus in the early stage but was not able to keep this mode in
prolonged aerobic conditions. However, the rhizome C. longa extract generally showed
promising antifungal activity against M. circinelloides. Moreover, due to the advantage
of wide range antimicrobial characteristic and harmless to the low toxicity of using
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C. longa externally, it is a great possibility to successfully develop new medical
antiseptic products from the Curcuma plant extraction that can be very helpful in first
aid as well as healing and preventing the wounds from infection. Furthermore,
investigation for the combinations of different active compounds from different
medicine plants might provide a huge potential source for innovative antifungal
agent development.

Figure 3. Morphology of M. circinelloides grown in the solid medium upon 120 hours
exposure with C.longa rhizome crude extract (C),
compared to the negative control (A) and AmBisome 400 ug/mL (B) (100X)

3. Conclusions

According to the results obtained in this study, it has been supported to conclude
that: the rhizome crude extract from C. longa showed its ability to decrease the growth
of the pathogenic microorganism in both early and late growth stages of M.
circinelloides. The extract of C. longa likely to affect the hyphae - yeast transition of the
fungi in the early stage. Those results suggest that the extract of C. longa could be used
as a potential agent for future studies to find a good candidate for the treatment of
mucormycosis.
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