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Abstract

The increasing resistance of microorganisms to conventional antifungal drugs has encouraged
studies designed to discover alternative therapies for infections caused by Candida spp.
Pomegranate (Punica granatum Linné) is an effective herbal extract with broad spectrum of
antimicrobial action and able to modulate the immune response. In this study, we evaluated the
antimicrobial and immunomodulatory pomegranate activity on in vivo candidiasis using Galleria
mellonella model by survival percentage and hemocyte counts present in hemolymph, respectively.
After selection of the non-toxic concentrations of both pomegranate and amphotericin B to G.
mellonella larvae, two experimental designs were performed: prophylaxis by inoculating a single
dose of extract, 24 hours before C. albicans infection, and therapy by inoculating single dose 1
hour after fungal infection. As control, larvae were infected/untreated, treated with amphotericin
B or non-infected/untreated. Both treatments were effective against C. albicans infection by
means of larvae survival curves. However, prophylactic effect of pomegranate resulted in longer
survival time than therapy. Next, multiple doses of the extract were administered in larvae prior
to infection, resulting in highest survival percentage and higher hemocyte density when compared
to the infected and non-treated larvae. Concluding, the findings suggest that pomegranate possess
antimicrobial action against C. albicans and immunomodulated the response in G. mellonella,
with systemic candidiasis, principally in the prophylaxis using multiple doses.
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Introduction

The fungus Candida albicans (C. albicans) is a commensal
organism of the mucosal microbiota in the oral cavity,
gastrointestinal and genitourinary tracts, presenting ability
to switch reversibly between yeast, pseudohyphal, and
hyphal growth forms. This polymorphism is one of the most
investigated virulence attributes in mucosal infections and
disseminated infections affecting susceptible individuals [1].
The hyphal form plays key roles in the infection process, and
can promote tissue penetration and escape from immune cells,
causing vaginitis, oral candidiasis, cutaneous candidiasis,
candidemia, and systemic infections [2]. Systemic candidiasis
is the most frequent hospital infection accounting for up to 15%
of bloodstream infections, and Candida species are the main
causative agents in 50-70% of systemic fungal infections [3-5].

The candidiasis treatment consists in the administration
of antifungical agents such as nystatin, amphotericin B,
clotrimazole, fluconazole, ketoconazole and itraconazole.
However, the use of these drugs can cause side effects and lead
to microbial development of resistance, being related in the
presence of a small number of tolerant fungal cells, since the

8

Accepted on August 06, 2018

drugs decrease of the ergosterol synthesis in the cell membrane
[6]. The increase in the microorganism resistance to conventional
antifungal drugs has encouraged studies designed to discover
new treatments for infections caused by Candida spp.

Therefore, alternative therapies for the candidiasis treatment are
crucial and the use of herbal medicines seems being a promising
solution [7,8]. Usually, the plants present numerous bioactive
compounds that may be potent antimicrobial agents against
C. albicans [9,10]. Thus, natural products can be a treatment
viable alternative to replace or associate with conventional
synthetic chemicals. In this context, the antimicrobial activity of
pomegranate (Punica granatum Linné) against microorganisms
has been widely investigated [11-14]. This extract is rich in
two types of polyphenolic compounds: anthocyanins, which
give the red color to fruits and juice, and hydrolyzable tannins,
commonly related to the antimicrobial activity of this plant [15].

Evaluating the antifungal activity of the extract and compounds
isolated from peels of P granatum against C. albicans, the
antifungal activity has been associated predominantly to the
presence of punicalagin, considered the main component of this
plant [16]. In addition, the pomegranate peels extract causes
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serious damage to the C. albicans yeasts cellular structure,
interfering on fungal growth/development, and consequently
preventing tissue invasion [17]. However, the mechanism
of action of the bioactive principles of this plant on the
microorganisms is not clearly elucidated [18]. In addition to this
anti-Candida action, P. granatum also has immunomodulatory
properties. The flavonoids extracted from the fermented juice
and the oil from the seeds of this herbal medicine caused
inhibition of the activity of cyclooxygenases and lipoxygenases
[19,20].

Considering the C. albicans clinical importance, in vivo
experimental models may be used as an important tool to study
the Candida-host interaction, evaluating the pathogenicity, its
development, diagnosing and controlling the disease, as well as
testing new alternatives therapies for treatment [21,22], including
the use of herbal medicines. Galleria mellonella (G. mellonella)
has emerged as a modern alternative to study microbial infection
based in vivo model systems. Among the several characteristics,
G. mellonella larvae have the advantage of being able to
grow at a broad range of temperatures, mimicking the natural
environment of mammalian hosts, consequently allowing the
C. albicans growth. In addition, G. mellonella model has been
used to study the new drugs development as well as the immune
response of the host. Therefore, G. mellonella is an in vivo
experimental model advantageous for searching the C. albicans
pathogenicity and new anti-fungal therapies [23-25].

Moreover, the immune response of these insects bear many
similarities to those obtained using mammals [26,27]. The
G. mellonella larvae possess six different types of hemocytes
in the hemolymph which are arranged in: pro-hemocytes,
coagulocytes, spherulocytes, enocitoids, plasma cells and
granulocytes which play a key role in cellular defense and are
involved in phagocytosis, nodule formation and encapsulation.
The plasma cells were also divided according to morphology and
function in four other subclasses [28-31]. The result of the humoral
immune response is the production of a range of antimicrobial
peptides that immobilize and kill the pathogen [32].

Thus, in the present study, we evaluated the antimicrobial
activity of pomegranate in an experimental model of
systemic candidiasis employing G. mellonella by the survival
percentage and median time. Moreover, in order to evaluate the
immunomodulatory activity of this herbal, hemocytes present in
larvae hemolymph were counted.

Material and Methods
Pomegranate and Amphotericin B

The pomegranate fruit peels were purchased in November
from 2014 at the Supermarket from the Fruit Distributor and
Seedlings Boa Fruta (Petrolina, PE, Brazil). The cultivation was
done in Petrolina (9°46'30”S and 24°21'30”W) and an aliquot of
fresh fruit peels (920 g) was submitted to complete drying with
air circulation at 45°C. The hydroalcoholic pomegranate crude
extract (70% EtOH) was obtained by percolation with the dried
material (400 g) at room temperature. After removal of solvent,
the extract was lyophilized, yielding 52 g (13%) [14]. As control,
it has used the conventional synthetic antifungal, Amphotericin
B deoxycholate (C,,H,,NO ) which was purchased by Sigma®
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(Sigma Aldrich® Inc., St. Louis, USA).
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Chemical pomegranate profiling

Chromatographic screening by high performance liquid
chromatography coupled to photodiode array detector (HPLC-
PAD) was performed to characterize the main compounds
present in the 70% EtOH. An aliquot of 10 mg of the crude
extract was solubilized in 1 mL of MeOH:H,O (1:1, v/v), and
filtered with PTFE membrane filter (0.45 pum). The analysis was
performed using a Phenomenex® (Torrance, California, USA)
Luna C18 (250 x 4.6 mm i.d., 5 pm) column and the mobile
phase were MeOH+Acid. Formic (0.1%) (A) and H,O+Acid.
Formic (0.1%) (B). The column was maintained at 40°C and the
gradient used was 5-100% of B in A over 60 min. The analytical
chromatograms were obtained at 254 nm.

Microrganism and culture

The Candida albicans fungal (ATCC 18804) was kept in a
freezer -80°C in the Laboratory of Oral Microbiology and
Immunology of the Institute of Science and Technology —
UNESP, and cultured in broth Yeast Nitrogen Base (YNB, Sigma
Aldrich® Inc., St. Louis, USA) supplemented with glucose at the
concentration of 100 mM for 24 hours at 37°C. Cell suspension
was adjusted to a final concentration of 10% viable cells/mL.
The cells number was confirmed by determination of colony
forming units per milliliter (CFU/mL) on plates contain Yeast
Extract Peptone Dextrose Agar (YEDP, Sigma Aldrich® Inc., St.
Louis, USA) [33].

Galleria mellonella

In the last larval stage (and/or already pupae), G. mellonella was
placed in plastic containers with holes in the covers and a filter
paper was placed to support egg-laying. The eggs containers
were incubated at room temperature. After 20 days, the larvae
were separated according to weight and transferred to containers
with holes in the covers and food (meal of cornmeal, brewer's
yeast, soybean meal, skimmed milk powder, honey, wax and
glycerol) [34]. The larvae were maintained at 28°C and stored
darkness in Laboratory of Microbiology and Immunology
of the Institute of Science and Technology, UNESP, at final
larval stage, with a body weight of approximately 250-300 mg.
All the larvae used in the experiment had clear color and they
were free of spots and/or dark pigments on their cuticle, which
could indicate impairment of the animal due to some infectious
process and influence the experiment results (Figure S1). Initially,
pomegranate and Amphotericin B toxicity in G. mellonella was
evaluated before assessment of its antimicrobial action. Finally,
the prophylactic and therapeutic potential of the pomegranate
extract against C. albicans infection was evaluated. In all steps,
G. mellonella survival test was performed.

Toxicity of pomegranate (Pg) and Amphotericin B
(AmpB) in Galleria mellonella

Different concentrations of Pg (1, 0.5, 0.25, 0.10 and 0.05 mg/
mL), diluted in phosphate buffered saline (PBS) and dimethyl
dulfoxide (DMSO 5%), or different concentrations of AmpB
(31.25, 15.65, 7.8 and 3.9 pg/mL), diluted in sterile distilled
water, were inoculated into the last right proleg of each larva
(n=15/concentration). For control, larvac were inoculated
with PBS into the right proleg (n=15). An aliquot of 10 uL of
each concentration was inoculated with a Hamilton® syringes
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(Hamilton Inc., USA). Next, the larvae were kept in a Petri dish
at 37°C in the darkness, without nutrition (Figure S2). From 24
hours after the inoculations, the number of dead G. mellonella
was daily recorded up to 168 hours (i.e., 7 days) for analysis
of the survival curve. The larvae were considered dead when
they did not show any movement after being touched. After
obtaining non-toxic concentrations in G. mellonella, they were
used for assessment of the antimicrobial action of pomegranate
against C. albicans.

Antimicrobial activity of pomegranate

Analysis of antimicrobial activity was based on the methodology
described by Mylonakis et al. [27] and Fuchs et al. [28]. After
determination the non-toxic concentrations of Pg and AmpB,
larvae were randomly divided into two groups: prophylactic
and therapeutic. In the prophylactic group (n=15), larvae were
first injected with single dose of Pg (0.10 mg/mL) into the last
right proleg; after 24 hours, the larvae were infected with 10 pL
of C. albicans (Group Pg+Ca) into the last left proleg. In the
therapeutic group (n=15), the larvae were infected with 10 puL
of C. albicans in the last proleg right and, after 1 hour, they were
treated with 10 uL of Pg (0.10 mg/mL) in the last left proleg
(Group Ca+Pg). As gold standard, larvae were infected with
C. albicans and treated with AmpB (3.9 pg/mL) 1 hour post
infection (Group Ca + AmpB).

As control groups, larvae were pre-treated with PBS and infected
with C. albicans after 24 hours (Group PBS + Ca) - prophylactic
control (n=15); larvae were infected with C. albicans and,
1 hour later, treated with PBS (Group Ca+PBS) - therapeutic
control (n=15); and larvae were inoculated with PBS in right
and left proleg (Group PBS+PBS) - negative control (n=15).
For all treatments, after the last injection, the larvae were kept in
a Petri dish at 37°C in the darkness. The number of dead larvae
was observed and recorded 18, 24, 48, 72, 96, 120, 144 and
168 hour pos-infection (i.e., 7 days), for analysis of the survival
curve [35].

Pomegranate prophylactic potential against C. albicans
infection

By consider that the prophylaxis with single dose resulted in a
longer survival time of the larvae (until 120 hours) in relation
to the therapy (survival until 72 hours), the pomegranate
prophylactic potential was evaluated by the administration
of multiple doses prior C. albicans infection (see Results/
Observations section). Therefore, larvae received 1, 2 or 3 doses
(i.e., 24 hours; 48 and 24 hours; or 72, 48 and 24 hours before
C. albicans infection) of 10 puL of Pg (0.10 mg/mL) into the
last right proleg. Afterwards, the larvae were infected with C.
albicans (10 pL) into the last left proleg. These groups (n=15 per
group) were named as following: Pg+Ca (24 h), Pg+Ca (48/24
h) and Pg+Ca (72/48/24 h). As controls (n=15 per group), larvae
were inoculated with PBS into the right and left prolegs (Group
PBS+PBS) as well as larvae were previously treated with PBS
and infected with C. albicans after 24 h (Group PBS+Ca). After
the last inoculation, the larvae were kept in a Petri dish at 37°C
in the darkness. The larvae were submitted to analysis of the
survival curve and to the determination of hemocyte density.
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Determination of hemocyte density

After the last inoculation of C. albicans or PBS, the larvae
were kept at 37°C for 3 hours and sequenced in ice-cold Petri
dishes (-20°C) for 2 minutes. The larvae were then cut in the
cephalocaudal direction with a scalpel blade and squeezed to
remove the hemolymph, which was transferred to a microtube
and diluted in cold sterile insect physiologic saline (IPS
- 150 Mm sodium; 5 mM potassium chloride; 100 Mm Tris-
hydrochloride, pH 6.9 with 10 mM EDTA, and 30 mM sodium
citrate). Next, the cellular suspension (10° cells/mL) was
submitted to Tripan Blue solution for counting the hemocytes
using a hemocytometer [36]. The results were presented by
mean + SD. For the quantification of G. mellonella hemocyte,
15 larvae per group were used, totalizing 75 larvae.

Statistical analysis

For antimicrobial activity analysis, survival curves of G.
mellonella were plotted and statistical analysis was performed
by using the log-rank test (Mantel-Cox). For determination
of hemocyte density was used means = SD for the ANOVA
One-Way, followed by post-hoc Tukey HSD. Both analyzes
were made in the GraphPad Prism® statistical software and the
significance level was set up at p<0.05.

Results and Observations
Chemical profiling of pomegranate

The analytical chromatogram analysis (HPLC-PAD) of the
crude extract (70% EtOH) revealed 16 compounds by combining
the interpretation of retention time (R)) and UV spectra region
(A,,)- Peaks, detected from HPLC-PAD chromatography, with
absorption in the spectral range of 254 nm to 380 nm, 260 nm
to 380 nm and 254 nm to 362 nm in this plant matrix indicate
the possible presence of punicalin, ellagic acid and ellagitannin
respectively (Table 1 and Figure 1) [37,38].

Toxicity of pomegranate (Pg) and Amphotericin B
(AmpB)

No differences were observed in the pomegranate or
Amphotericin B toxic evaluation, independently of the
concentration (p=0.2784 for Pg and p=0.1155 for AmpB).
Pomegranate at concentrations of 0.10 and 0.05 mg/mL
(Figure 2a) and Amphotericin B at concentration of 3.9 pg/mL
(Figure 2b) showed no toxicity to the larvae, indicating survival
of 100%, similar to the control group (PBS). Therefore, the
highest non-toxic concentrations (0.10 mg/mL for Pg and 3.9
pg/mL for AmpB) were used in the next protocols.

Antimicrobial activity of pomegranate

The wvalues of survival percentage reached to 6.6%, after
prophylaxis with single dose (Pg+Ca) and therapy (Ca+Pg) by
means of pomegranate. However, the prophylaxis resulted in a
longer survival time of the larvae, i.e., until 120 h, compared to
the 72 hours (survival median time obtained after therapeutic
treatment). The survival median time was at 48 hours for both
types of treatment. Also, both presented significant difference
(p<0.0001) in relation to the respective controls (infected with
C. albicans without any treatment), which presented higher
values of larval death (93% after 24 h in the PBS+Ca; and 60%
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Table 1. Compounds identified from pomegranate peels extract (70% EtOH) by high performance liquid chromatography coupled to photodiode
array detector (HPLC-PAD) [u.c=corresponds to unidentified compounds, R, (min)=corresponds to retention time of the compound from its
injection to the detection system output in minutes, UV (Amax)=corresponds to detection of the ultraviolet (UV) spectrum region at the wavelength
(nm) maximum].

Peaks Assignment R, (min) UV (A_.)
1 Punicalin 3.28 254, 380
u.c. 717 266, 380
3 Derivative ellagitannin 9.26 260, 380
4 u.c. 11.35 254, 380
5 Derivative ellagitannin 12 260, 380
6 Valoneic acid dilactone 12.36 254, 374
7 u.c. 14.17 260, 374
8 u.c. 14.33 260, 374
9 u.c. 15.53 278
10 Gallic acid derivative 17.39 272
1" u.c. 18.03 266
12 Ellagic acid derivative 22.29 254, 362
13 Ellagic acid derivative 24.59 254, 362
14 Ellagic acid derivative 25.64 254, 362
15 Ellagic acid derivative 26.65 254, 362
16 Ellagic acid derivative 28.88 254, 368
_ 1.200
2 1.000° 70% EtOH
E 01
§ 6003 7 8 15 16
s Wase 7.8
3 /
< e
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Time (min)

Figure 1. Analytical chromatogram of ultraviolet spectra peaks (UV) of pomegranate peels extract (70% EtOH) obtained by high performance
liquid chromatography coupled to photodiode array detector (HPLC-PAD). Solvents MeOH+Formic Acid. (0.1%) (A) and H,O+Formic Acid.
(0.1%) (B). Gradient: 5-100% B in A in 60 min. Phenomenex® Luna C18 column (250 % 4.6 mm i.d., 5 um) HPLC (Jasco®). Column Oven: 40°C.
Flow: I mL min™. Injection vol.: 15 uL. =254 nm. Peaks are numbered according to the compounds listed in Table 1.
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Figure 2. Toxicity test in G. mellonella. Survival curves of larvae were plotted and statistical analysis was performed by using the log-rank test
(Mantel-Cox). After infections (0 h), the number of dead G. mellonella was daily recorded (24, 48, 72, 96, 120, 144 and 168 h) h for analysis of the
survival curve (n=15 per concentration). For control, larvae were inoculated with PBS into the right proleg (PBS) (n=15). Different concentrations
of pomegranate - Pg (1, 0.5, 0.25, 0.10 and 0.05mg/mL), diluted in PBS and DMSO (5%), were inoculated in the last right proleg of each larva
(a). Different concentrations of Amphotericin B—AmpB (31.25, 15.65, 7.8 and 3.9 ug/mL), diluted in sterile distilled water, were inoculated in the
last right proleg of each larva (b).

after 18 h in the Ca+PBS), reaching survival median time in 18 Prophylactic  potential of pomegranate against

hours for both groups (Figure 3a).

The infection treatment by C. albicans using the non-lethal
AmpB concentration (3.9 pg/mL) resulted in the survival of
13.3% of the larvae until the seventh day of infection (168
h), and the survival median time also was in 48 hours. In the
PBS+PBS group, there was no death of G. mellonella. The
prophylaxis (Pg+Ca), therapy (Ca+Pg) and control with AmpB
(Cat+AmpB) did not present significant difference between them
(p=0.7807) (Figure 3b).

J Clin Exp Tox 2018 Volume 2 Issue 2

C. albicans infection

Considering the results above-mentioned, it was evaluated
prophylactic potential of pomegranate after administration of
multiple doses (0.10 mg/mL) prior to C. albicans infection
[Pg+Ca (24/48/72 h)], in G. mellonella. This prophylaxis
based on three doses resulted in a higher percentage of survival
(93.3%) until the last experimental day (i.e., 168 hours), than
the other treated groups. This percentage differed significantly
(p<0.0001) from the survival percentage of infected and
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untreated larvae (PBS+Ca), and it was similar to that observed in
the control group (PBS+PBS), which no death of G. mellonella
was observed [39-42].

The survival percentage of larvae reached 46.6% until the 168

Almeida/Figueiredo-Godoi, LMA/Venturini/et al.

number of C. albicans-infected larvae previously treated or
not with multiple doses of extract. The hemocyte density assay
allows a quantitatively evaluation of immune response of
larvae elicited after this treatment [36]. As expected, the control

group (PBS+PBS) presented the highest values of hemocyte
quantification, regardless of the number of doses of PBS
administered. The infected, but non-treated, group (PBS+Ca),
in turn, showed the lowest values (p<0.001) in relation to
matched control. Only the prophylaxis with single dose of P.
granatum extract [Pg+Ca (24 hours)] resulted in significantly
higher values of hemocyte density, compared to the infected
group (PBS+Ca). Although, there was no statistical difference
between the prophylaxis with multiple doses and the infected
group, the values of hemocyte density were higher when the
larvae were treated, especially 72 hours before (Figure 5).

hours, with survival median time in 96 hours, after prophylaxis
with two doses [Pg+Ca (48/24 hours)]. After a prophylaxis with
single dose [Pg+Ca (24 hours)], 6.6% of the larvae survived
after 72 hours, and the survival median time was at 48 hours.
The non-treated group (PBS+Ca) showed 93% of the dead
larvae after 24 hours post-infection, with survival median time
also at 18 hours (Figure 4).

Determination of hemocyte density

Finally, after the efficacy demonstrated in relation prophylactic
administration of pomegranate, it was measured the hemocytes

Survival curve: Antimicrobial activity of pomegranate (Pg) Survival curve: Antimicrobial activity of pomegranate (Pg)
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Figure 3. Antimicrobial activity of pomegranate (Pg) in G. mellonella. After injections (0 h), the number of dead G. mellonella was daily
recorded (24, 48, 72, 96, 120, 144 and 168 h) for analysis of the survival curve (n=15 per group). Survival curves of G. mellonella were plotted
and statistical analysis was performed by using the log-rank test (Mantel-Cox). As controls, larvae were inoculated with PBS in right and left
proleg (PBS+PBS), as well as larvae were infected with C. albicans and treated with AmpB 1 h post infection (Ca+AmpB). For prophylaxis with
single dose, larvae were pre-treated with Pg (Pg+Ca) or PBS (PBS+Ca-control) and, after 24 h, they were infected with C. albicans. For therapy,
larvae were infected with C. albicans and, after 1 h, they were treated with Pg (Ca+Pg) or (Ca+PBS—control) (a). Comparison of survival
percentage of G. mellonella considering all groups or between PBS+PBS, Ca+AmpB, Pg+Ca, and Ca+Pg groups (b).
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Figure 4. Prophylactic potential of multiple doses of pomegranate against C. albicans infection in G. mellonella. Survival curves of G. mellonella
were plotted and statistical analysis was performed by using the log-rank test (Mantel-Cox). After injections (0 h), the number of dead G.
mellonella was daily recorded (24, 48, 72, 96, 120, 144 and 168 h) for analysis of the survival curve (n=15 per group). Larvae received 1, 2 or 3
doses of pomegranate (i.e., 24 h; 48 and 24 h; or 72, 48 and 24 h), before C. albicans infection ([Pg+Ca (24 h)], [Pg+Ca (48/24 h)] or [Pg+Ca
(72/48/24 h)]). As controls, larvae were inoculated with PBS (PBS+PBS), and larvae were previously treated with PBS and infected with C.
albicans after 24 h (PBS+Ca).
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Figure 5. Determination of hemocyte density in G. mellonella larvae, after prophylaxis with single dose [Pg+Ca (24 h)] or multiple doses
[Pg+Ca (48/24 h) or Pg+Ca (72/48/24 h)] of pomegranate. As controls, larvae were only inoculated with PBS (PBS+PBS), and larvae were
previously treated with PBS and infected with C. albicans after 24 h (PBS+Ca). Statistical comparisons were separately performed for each time/
doses. (#) p<0.001 vs PBS+Ca or Pg+Ca; (*) p<0.001 vs Pg+Ca. ANOVA One-Way, followed by post-hoc Tukey HSD.

Discussion

It is known that Candida species are the most common
fungal causes of deep-seated and disseminated infections in
immunocompromised human hosts, and are associated with high
morbidity and mortality in this population [43,44]. Therefore,
there are an increasing number of researchers seeking new
alternatives therapies due to the high number of infections
whose agents are resistant to conventional treatments as well as
the emergence of new pathogenic strains.

One of the safe and economical alternatives studied is the use
of medicinal plants which have shown some antimicrobial
activity [45]. According to Veiga Jr. et al. [46], the World Health
Organization (WHO) defines medicinal plant as any plant
possessing substances which may be used for treatment purposes
or used in the production of semisynthetic drugs. Pomegranate
(Punica granatum Linné) fruit (seeds, peel, and juice) seem
to have medicinal benefits, such as strong antimicrobial,
anti-inflammatory, antioxidant, antiobesity, and antitumoral
properties [47]. The study of its bioactive components has
aimed at the development of herbal products with therapeutic
applications [14]. Many beneficial properties are related to the
presence of ellagic acid, ellagitannins (including punicalagins),
punicic acid and other fatty acids, flavonoids, anthocyanidins,
anthocyanins, estrogenic flavonols, and flavones, which
seem to be the main therapeutically beneficial components
of pomegranate. However, the synergistic action of the crude
extract constituents appears to be superior when compared to
individual constituents of pomegranate [47,48].

In the present study, the prophylaxis with single dose as well
as the therapy resulted in higher time survival of G. mellonella
than non-treated larvae, which died 24 hours post-infection by
C. albicans. From these results it was possible to suggest the
anti-Candida activity of pomegranate, both prophylactic and
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therapeutic. Moreover, the survival percentage post-treatment
with the herbal extract was similar to that obtained after
treatment with Amphotericin B. Therefore, in this experimental
model in vivo, pomegranate was as effective as a broad-spectrum
antifungal widely used for the treatment of Candida infections.

In fact, when we performed the chromatographic screening
of extract, the main compounds identified were ellagic acid
derivatives and ellagitannins, such as punicalin. Recently, it
has been found that punicalagin, pedunculagin, telimagrandin
and galagildilacton have important antimicrobial action against
C. albicans yeast cellular structure [11,17]. Thus, the main
compound involved in anti-Candida action present of the P.
granatum fruit peels seems to be the punicalagin [16,17,38].

Although the survival percentage of G. mellonella after
prophylaxis was similar to that obtained after the therapy using
the extract, our results showed that prophylaxis, with single
dose, increased the time of survival the larvae in relation to
the therapy. Interestingly and innovative way, the prophylactic
administration of 3 doses resulted in a higher survival percentage
of the larvae when compared to single dose prophylaxis. The
survival percentage was proportional to number of doses
previously injected, that is, the more doses of pomegranate
administered, the more larvae survived after infection. In fact,
our results indicate that the sequential administration of multiple
doses prior to C. albicans infection amplified benefic potential
of this extract.

Once the efficacy of pomegranate prophylactic administration
was demonstrated, changes in the hemocyte density during
infection or treatment were used as a parameter of the response
of the larvae [49]. It is noteworthy that the G. mellonela model
used here is useful for as certaining immunopathological aspects
because the larvae are able to activate cellular and humoral
immune responses against microorganisms by means of their
circulating hemocytes [50,51]. Then, this experimental model
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becomes an increasingly popular choice for the investigation
of the fungal pathogenesis, as in C. albicans infection. In this
context, G. mellonella has been successfully employed in
studies on alternative antifungal therapies [24,27,52].

In this work, it was observed a significant reduction in the
number of hemocytes in larvae 24 post-infection with C.
albicans compared with larvae non-stimulated that showed the
higher values of hemocyte density. Corroborating our findings,
Dos Santos et al. [36] observed that Porphyromonas gingivalis
suppressed hemocyte density in G. mellonella.

Possibly, the larvae death is related to the extensive fungal
proliferation and alteration of C. albicans morphology from yeast
to hyphae or pseudo-hyphae during the infection installation
process. The pseudo-hyphaes, in turn, can lead to death of the
hemocytes through mechanisms of evasion of the immune
system, and can reduce the efficacy of the phagocytic capacity
of these cells against C. albicans [53,54]. Moreover, it has been
shown that larvae infected by Actinobacillus pleuropneumoniae,
Aspergillus fumigatus and Bacillus thuringiensis present a
reduction of the hemocystic population in general, increase in
the number of granular hemocytes, and proteomic alterations
indicative of cellular stress, tissue damage and sequestration of
major proteins related to the formation of immune complexes
[23,55-57].

The results of present study indicate that these deleterious
effects to immune system of larvae caused by infection by C.
albicans were attenuated by the prophylactic administration of
pomegranate, which avoided the striking decrease of hemocyte
density elicited by fungus. These data may suggest that the
antimicrobial capacity of the extract, as observed here, resulted in
the reduction of the fungal load in the hemolymph. Additionally,
pomegranate must have contributed to the strengthening of
larvae immune response that involves non-specific immune
reactions (production of antimicrobial peptides, melanization)
or specifics (regulation the production of antimicrobial
peptides and activation of phagocytic cells) [51]. In this sense,
pomegranate had an immunomodulatory effect, consequently
protecting larvae against C. albicans, as previously showed by
De Oliveira et al. [57], Dos Santos et al. [36] and Rossoni et al.
[58]. In the present work, the protective effect of extract related
to number of hemocytes is in accordance with those data from
survival curve. Then, pomegranate seems to present a protective
role against C. albicans infection in G. mellonella larvae.

Regarding the experimental model used in the present study,
insects are considered as convenient models for studying
microbial infections and host resistance against microorganisms,
although pathogens are capable of acting on the host epigenetic
machinery and influence the evolution of resistance/tolerance
to infection by the host. An increasing number of works
from different fields have turned to study of insects, fish and
worms by the advantages offered by these models as ethical
acceptability, for being relatively simple and inexpensive and
for modeling a variety of human infectious diseases. Because
of this, the insects may be used to discovery of new treatment
strategies, such as using of herbal medicines. In addition, these
insect models give results comparable to those obtained using
mammals, since the insects have an immune system analogous
to the innate response of mammals [23,41,59,60].
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However, insect species differ in their susceptibility to fungal
infections, which possibly results in the adaptation, by the natural
selection process, of their immune defenses to local conditions.
These differences may be linked to a wide range of factors
including the presence of symbiotic organisms, melanism and
genetic variation. For example, the darkened cuticle of melanic
insects, such as G. mellonella, has been related to protection
against pathogenic fungi [42,61-64]. Therefore, further studies
should be performed in order to authenticate and identify the
mechanisms involved in benefic action of pomegranate.

Taking into account the incidence of invasive fungal infections
caused by Candida spp., to date C. albicans remains the most
frequently isolated Candida species in the clinical setting and is
the principal agent of nosocomial yeast infections [1,2]. Thus,
the resistance of these pathogens to conventional synthetic
treatments and the side effects strongly related to frequent use
strengthens the search for new therapeutic alternatives with
antimicrobial potential, such as the use of medicinal plants. In
future, plants with antimicrobial potential, which have not yet
been reported for microbial resistance and important adverse
effects, such as pomegranate, may be potential agents for a
synergistic action with conventional antifungal for the treatment
of candidiasis.

Conclusion

The G. mellonella species with systemic candidiasis treated
prophylactically or therapeutically with pomegranate survived
for longer than infected and untreated larvae. However, when
administration occurred through multiple prophylactic doses, more
larvae survived the infection and for a longer time; in addition,
these larvae showed a higher density of hemocytes in their
hemolymph compared to untreated larvae. These data suggest that
pomegranate presents antifungal and immunomodulatory activity
against systemic candidiasis in G. mellonella model, principally
after prophylaxis with multiple doses.
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