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ABSTRACT

Objectives: Today, the increase of invasive fungal infections and the emergence of resistant strains are
observed in medical practice. New antifungals are expected, and the plant world offers a panel of po-
tentially active molecules. CIN-102 is a mixture of seven different compounds of plant origin developed
from the formulation of cinnamon essential oil.

Methods: The in vitro activity of CIN-102 was characterised against Aspergillus spp., Fusarium spp. and
Scedosporium spp. by studying the minimum inhibitory concentration (MIC), inoculum effect, germination
inhibition, fungal growth, post-antifungal effect (PAFE) and synergy.

Results: MICs determined for the three genera followed a unimodal distribution and their mean values
ranged from 62-250 pg/mL. CIN-102 demonstrated an inoculum effect similar to voriconazole and am-
photericin B, 100% inhibition of spore germination and a PAFE.

Conclusion: CIN-102 has significant activity against filamentous fungi involved in human pathologies and
should be further explored as a potential new treatment. Other studies regarding its mechanisms of ac-
tion as well as animal investigations are awaited.

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Antimicrobial
Chemotherapy.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

cult to cure have increased in the last two decades in developed
countries, such as fusariosis and scedosporiosis, occurring mainly

The incidence of invasive fungal infections (IFIs) has been in-
creasing over the past 20 years. Approximately 3600 people de-
velop an IFI each year in France [1]. Moreover, the incidence of
invasive aspergillosis is estimated at 1.4 cases per 100 000 people
per year and has been gradually increasing between 2001 and 2010
[1]. It is important to note the emergence of infections caused by
strains resistant to triazoles, which can be associated with thera-
peutic failures. Other less common fungal infections that are diffi-
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during deep immunosuppression [2]. At the same time, only a few
new antifungal drugs have been marketed in the last decade. At
present, the antifungal arsenal available for the management of
IFIs consists of ten drugs divided into four major classes. In ad-
dition, these drugs are often expensive and usually present sig-
nificant toxicity and drug interactions. These limitations, combined
with the emergence of resistance, justify the search for new thera-
peutic strategies [3,4].

The resources of the plant world in active substances used for
therapeutic purposes are truly significant, although still underex-
ploited. Essential oils extracted from plants (leaves, flowers, roots
or bark) have different pharmacological properties, in particular
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Table 1
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Clinical and reference strains studied for the genera Aspergillus, Scedosporium and

Fusarium

Genus/species

Reference strains

Clinical strains  Total strains

Scedosporium spp.
S. apiospermum
Lomentospora prolificans
S. aurantiacum
S. dehoogii
S. boydii
S. minutisporum

Aspergillus spp.

A. fumigatus

. flavus

niger

. nidulans

. versicolor

terreus

. ochraceus

. calidoustus

. glaucus

. clavatus

Fusarium spp.

F. solani

F. duoseptatum

E moniliforme

F. proliferatum

F. chlamydosporum
F. incarnatum

F. dimerum

E verticillioides

E keratoplasticum
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anti-infectious and antioxidant effects. Cinnamon essential oil is
being studied for its analgesic, antitubercular, antioxidant, anti-
hyperglycaemic and antifungal activities. It has an inhibitory ef-
fect on fungal and yeast growth of several species, including As-
pergillus spp. and Candida spp. [5]. The main constituent of cinna-
mon essential oil is cinnamaldehyde, which can also be synthe-
sised [6]. Recent studies demonstrated promising data regarding
the effects of cinnamaldehyde on the main fungal genera involved
in human pathology and on toxigenic fungi [6-9]. Cinnamaldehyde
is an active inhibitor of yeasts and filamentous fungi growth. It
acts by inhibiting ATPase activity and biosynthesis of cell walls and
through the alteration of membrane structure and integrity [6].
Consequently, cinnamaldehyde constitutes a potential new class of
antifungal agents.

In the present study, we characterised the antifungal activities
of a mixture, named CIN-102, of seven different chemical com-
pounds, comprising three cinnamaldehyde derivatives, that was de-
veloped from the formulation of cinnamon essential oil available
in the Pharmacopoeia, and from which the genotoxic compounds
have been removed (safrole, eugenol and coumarin).

2. Materials and methods
2.1. Fungal isolates

A total of 77 strains of filamentous fungi were used for the de-
termination of minimum inhibitory concentrations (MICs). These
strains comprised fungi belonging to the Aspergillus (39 strains),
Fusarium (19 strains) and Scedosporium (19 strains) genera. They
belong to the main species complexes (Table 1) and have differ-
ent origins, including 44 reference strains and 33 clinical strains
(Supplementary Tables S1-S3). Clinical strains were obtained from
patients at the University Hospital (CHRU) of Nancy, France, and
were identified in the laboratory.
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0 1
0 2
13 18
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0 1
0 1
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0 1
0 1
1 2
1 1
Table 2

Sequence of specific primers used to identify Aspergillus, Scedosporium and Fusarium
strains

Genus Primer name Primer sequence (5'—3')
Aspergillus CMD5 CCG AGT ACA AGG ARG CCT TC
spp. CMD6 CCG ATR GAG GTC ATR ACG TGG
Btub1F AATTGGTGCCGCTTTCTGG
Btub2R AGTTGTCGGGACGGAATAG
Scedosporium ~ NL1 GCAT ATCA ATAA GCGGAGG AAAAG
spp. V3-12 GGTCC GTGTT TCA AGACG
Bt2a GGT AAC CAA ATC GGT GCT GCT TTC
Bt2b ACC CTC AGT GTA GTG ACC CTT GGC
Fusarium EF1 ATG GGT AAG GAA GAC AAG AC
spp. EF2 GGA AGT ACC AGT GAT CAT GTT

2.2. Clinical strain sequencing

Each clinical strain was identified by microscopy for its
genus and by sequencing for its species complex. The S-tubulin
(Btub1F/Btub2R) and calmodulin (CMD5/CMD6) genes were se-
quenced for Aspergillus strains [10], B-tubulin (Bt2a/Bt2b) and
D1/D2 (NL1/V3-12) for Scedosporium strains [11], and elongation
factor (EF1/EF2) for Fusarium strains [12] (Table 2). Following
DNA extraction, PCR was performed in an iCycler iQ5™ (Bio-
Rad) using a TaqPurple Kit (Ozyme) with primers specific for
each genus. Sequencing according to the Sanger method was car-
ried out by GenoScreen (France) using primers used to perform
PCR. Sequence analyses were interpreted using BioEdit software
[13] and were compared with the Mycocosm.jgi.doe.gov and As-
pergillusgenome.org databases for species complex identification.

2.3. Culture and storage

Strains were subcultured on Sabouraud agar medium (Sigma-
Aldrich). After 48-72 h of incubation at 31°C, colonies were picked
from the medium using sterile swabs and were suspended in 0.9%
NaCl or RPMI-MOPS (US Biological) medium. Strains were stored
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and preserved in a mixture containing 1 mL of glycerol and 1 mL
of physiological saline at -20°C.

2.4. Minimum inhibitory concentration (MIC) determination

2.4.1. Liquid conditions

The Clinical and Laboratory Standards Institute (CLSI) M38-A2
reference protocol was followed for fungal MIC determination [14].
Two antifungal agents included in the protocol, namely ampho-
tericin B (AMB) and voriconazole (VRC) (Sigma-Aldrich) (dilution
range 0.03-16 pwg/mL), were used in addition to CIN-102 (Septeos).
After culturing, conidia were suspended in 0.9% NaCl and were
then filtered, adjusted to 5 x 10* conidia/mL using a spectrometer
at 530 nm, and diluted to 1:50 to obtain the working suspension.

An inoculum of 100 L was then distributed in 96-well plates
containing the antifungal dilutions. These plates were incubated at
37°C for 48 h. All strains were tested in duplicate. The MIC was
determined as the lowest drug concentration resulting in complete
growth inhibition after 24-48 h of incubation. For each 96-well
plate, a control strain was tested in parallel as indicated in the CLSI
protocol. A plastic film was put on every plate to limit evapora-
tion and contamination. The density of the inoculum was checked
by seeding 10 uL of the working suspension diluted to 1:10 on
Sabouraud agar medium after 1 day of incubation at 31°C. One to
ten colonies must be counted to validate the test. After a prelimi-
nary test, the dilution range chosen for CIN-102 ranged from 1.9-
1000 pg/mL.

2.4.2. Solid conditions

Solid MICs were evaluated on a solid Sabouraud medium. CIN-
102 was added to each Petri dish just before solidification of the
medium to obtain final concentrations of 15.6, 31.25, 62.5, 125 and
250 pg/mL. A drop of each inoculum was placed on the four quar-
ters of the Petri dish for the concentrations tested. Following in-
cubation at 31°C for 72 h, the MIC was determined as the lowest
concentration at which the strain did not grow on the Petri dish.

2.5. Inoculum effect

The methodology was the same as for MIC determination in lig-
uid medium, using an inoculum dilution gradient ranging from 104
to 108 spores/mL. A control without antifungal was carried out to
verify the absence of inhibition effect due to a high quantity of
spores. We considered that there was an effect when a difference
in MIC greater than two dilutions was observed [6].

2.6. Germination assay

A conidia germination assay was carried out using the proto-
col of Gemeda et al. [15]. Spores were collected by adding 5 mL
of sterile water mixed with 0.1% Tween 80 to the Petri dish after
peeling off with a rake three times. The recovered suspension was
centrifuged for 5 min at 2000 rpm and conidia were counted on
Kova cells and diluted at 10% spores/mL. Different antifungal solu-
tions (AMB, VRC and CIN-102) were prepared in liquid Sabouraud
medium and were used at 0.5 x, 1 x and 4 x MIC of the tested
strains. Then, 1 mL of the spore suspension was added to each tube
and incubated at 31°C with shaking for 48 h. A tube without an-
tifungal served as a control. Germinated spores were counted by
microscopy with Kova cells. The percentage inhibition was deter-
mined according to the following formula:

% inhibition of germination = (SC — ST)/SC x 100

where SC is the percentage of spores germinated in the control
tube and ST is the percentage of spores germinated in the test
tube.
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2.7. Growth curve with antifungals

The methodology was the same as for MIC determination in lig-
uid medium. Following preparation, the plate was incubated in a
plate reader (SpectraMax iD3; Molecular Devices) for 48 h at 37°C
and measurement of the optical density at 405 nm (ODg4gs5) was
carried out every 10 min. Each strain was seeded in duplicate and
the experiment was performed three times. The calculated delay
was the time difference between the start of growth for the test
and control strain.

2.8. Synergy assay

The synergistic effect of CIN-102 combined with VRC or AMB
was determined using the protocol of Cardoso et al. [16] with mod-
ification of a few elements. In a 96-well plate containing a se-
ries of dilutions of CIN-102, VRC or AMB, 0.5 x MIC of the anti-
fungal agent tested was added to each well, except in column 11
and 12, which served as positive and negative controls. For each
antifungal tested, a control line was carried out (same prepara-
tion as for the determination of MIC). The plates were then inoc-
ulated with 10 conidia/mL and were incubated at 37°C for 24-72
h. The experiment was conducted in triplicate. The result was vi-
sually determined when 100% of fungal growth was inhibited. The
fractional inhibitory concentration (FIC) for each substance and the
fractional inhibitory concentration index (FICI) for their combina-
tions with another antifungal (VRC, AMB or CIN-102), were calcu-
lated as follows: FIC = concentration that inhibits 100% of growth
in a combination/concentration that inhibits 100% of growth when
used alone; and FICI = sum of the FICs of each drug tested. FICI
values of <0.5 and >4.0 indicate synergistic and antagonistic inter-
actions, respectively [17].

2.9. Post-antifungal effect (PAFE)

The PAFE, i.e. the antifungal activity on the growth of fungus
after removing the antifungal from the culture medium, was de-
termined by following the protocol of Vitale et al. [18] with a few
modifications. The inoculum was prepared in RPMI at a concentra-
tion of 4 x 10° conidia/mL and was incubated for 24 h at 37°C
with shaking. After adding the antifungal for 4 h, three washes
were carried out, comprising a centrifugation for 15 min at 3500
rpm and re-suspension of the pellet in 10 mL of NaCl. At the end
of the third wash, the pellet was re-suspended in 10 mL of RPMI.
Then, 30 L from the control and test tubes was seeded to per-
form a colony count determination for inocula verification after
24-48 h of incubation at 37°C. Briefly, 200 uL from each tube was
distributed in a 96-well plate and growth was measured at ODg4g5
over 48 h using a SpectraMax iD3 plate reader. The experiment
was conducted in triplicate. The PAFE was calculated by a graphi-
cal approach using the formula: PAFE = T-C, where T is the time
of the first significant increase in ODy4g5 of the exposed conidia or
spores after removal of the drug and C is the time of the first sig-
nificant increase in ODy4gs of the control.

3. Results

3.1. Minimum inhibitory concentration determination and spectrum
of activity

Determination of MICs in liquid medium revealed a CIN-102
median MIC of 125 ug/mL (range 16-250 ug/mL) for Aspergillus
spp. The median MIC was 62 pug/mL for Fusarium spp. (range 31-
250 pg/mL) and 62 pg/mL for Scedosporium spp. (range 16-125
ug/mL). For AMB, the median MICs were, respectively, 0.25 pug/mL
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Fig. 1. Distribution (A) CIN-102, (B) voriconazole and (C) amphotericin B minimum
inhibitory concentrations (MICs) for Aspergillus spp., Fusarium spp. and Scedosporium
spp. The dotted curves make it possible to visualise the distribution of the strains.

(range 0.06-4 pg/mL) for Aspergillus spp., 2 ug/mL (range 0.25-
4 pg/mL) for Fusarium spp. and 2 pg/mL (range 0.06-16 pg/mL)
for Scedosporium spp. Finally, for VRC these data were 0.5 pg/mL
(range 0.03-8 ug/mL) for Aspergillus spp. and 4 ug/mL (range
0.25-16 pg/mL) for Fusarium spp. and Scedosporium spp. (Fig. 1). A
unimodal distribution of CIN-102 MIC values was observed for all
tested strains. In contrast, for VRC and AMB, two populations stand
out, one sensitive and one with a resistant phenotype (Fig. 1). In
addition, the MIC range for the three genera was narrower for CIN-
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Table 3

Minimum inhibitory concentration (MIC) differ-
ences for CIN-102 between solid and liquid con-
ditions for Fusarium spp.

MIC difference?

0 +1

11

-1 +2 or -2

% of strains 61 27 0

3 ‘4+1" difference means that the MIC in lig-
uid medium is one higher concentration than in
solid medium.

Table 4

Average minimum inhibitory concentrations (MICs) for sus-
ceptible and resistant strains to CIN-102, voriconazole (VRC)
and amphotericin B (AMB)

MIC (pg/mL)

Strain

CIN-102 VRC  AMB
Aspergillus fumigatus G54E 250 025 0.25
A. fumigatus TR46 250 16 0.5
A. fumigatus TR34 250 8 0.5
Aspergillus calidoustus 62 16 16
Lomentospora prolificans 62 16 8
Fusarium sp. 62 4 2
Scedosporium sp. 62 0.5 4
Scedosporium boydii 62 012 2
Non-resistant A. fumigatus 125 0.5 0.25

102 than for VRC and AMB: 3 and 5 dilution gaps for CIN-102, 6
and 7 dilution gaps for VRC, and 4 and 9 dilution gaps for AMB
(Fig. 1). No significant difference was visible between the clinical
strains and the reference strains (MIC difference <2 dilutions). No
difference greater than two dilutions was demonstrated for MICs
between the liquid and solid condition (Table 3).
CIN-102 had comparable in vitro effects against fungi with nat-
ural or acquired resistance to antifungals used in clinical practice
and those described as sensitive. For example, for Lomentospora
prolificans, naturally resistant to VRC (MIC > 16 ug/mL) and AMB
(MIC = 8 pug/mL), and Scedosporium boydii, which is sensitive to
VRC (MIC = 0.12 pg/mL), both have an identical MIC of 62 pg/mL
for CIN-102. There was almost no difference between Aspergillus
fumigatus having acquired resistance to VRC, Aspergillus calidoustus
(naturally resistant to VRC and AMB) and the other Aspergillus spp.
strains considered sensitive to CIN-102 (Table 4).

3.2. Inoculum effect

The inoculum effect is an in vitro phenomenon described as an
increase in the MIC of an antibiotic when the quantity of inoc-
ulated micro-organisms is increased. An inoculum effect was ob-
served for all strains of Aspergillus spp., Fusarium spp. and Sce-
dosporium spp. with the three substances tested (VRC, AMB and
CIN-102) and it appeared with an inoculum greater than 10° and
105. We noted that for VRC the inoculum effect was more visible

for Fusarium strains, where the average calculated MIC (4 pg/mL)
was never reached (Fig. 2).

3.3. Inhibition of spore germination

Inhibition of spore germination for the three genera and the
three antifungals was dose-dependent. In general, CIN-102 was the
product with the most effectiveness against the three genera at
1 x and 4 x MIC. A minimum of 50% inhibition was achieved
for the three genera with CIN-102 and AMB at 4 x MIC, and at
the CIN-102 MIC for the genus Aspergillus. VRC reached the thresh-
old of 50% for Aspergillus and Scedosporium genera, respectively, at
1 x and 4 x MIC. We also observed that CIN-102 was the only



M. D’Agostino, N. Tesse, RA. Lavergne et al.

(A)
1024
= 256
£
> 64
=
o 16
= 4
1
1078 1077 1076 1075 107
Inoculum size (cells/ml)
B Aspergillus sp OFusarium sp @ Scedosporium sp
(B)
16
€ 8
%
> 4
o
- ml ]
1
1078 1077 1076 1075 107
Inoculum size (cells/ml)
B Aspergillus sp OFusarium sp B Scedosporium sp
(©

16
8
E 4
%
3 2
o
s 1
1018 1017 07 0N 074

Inoculum size (cells/ml)

B Aspergillus sp OFusarium sp B Scedosporium sp

Fig. 2. Determination of the inoculum effect for Aspergillus spp., Fusarium spp. and
Scedosporium spp. with (A) CIN-102, (B) amphotericin B and (C) voriconazole. MIC,
minimum inhibitory concentration.

product able to approach 100% inhibition of germination for As-
pergillus spp. and Scedosporium spp. In our study, CIN-102 was
the only antifungal to have an effect against Scedosporium spp. at
0.5 x MIC (Fig. 3).

At very high doses of AMB (64 x MIC), total inhibition of spore
germination was never reached. No difference was observed be-
tween susceptible and resistant strains. Morphological changes in
the spores in contact with CIN-102 were the same as those ob-
served with AMB. Spores appeared smaller, rounder and with a
shrunken appearance in comparison with control spores.

3.4. Growth kinetics in the presence of antifungals

For the two tested antifungal agents (CIN-102 and AMB),
growth delay was dose-dependent. The higher the concentration
of antifungal agent, the longer the delay in the onset of fungal
growth. Furthermore, we no longer saw growth at 2 x and/or
4 x MIC with AMB and CIN-102 even after 48 h for the major-
ity of strains. Only Fusarium dimerum began to grow for ~11 h at
4 x MIC with CIN-102. At 0.25 x and 0.45 x MIC, the observed
delay was between 0-3 h for CIN-102 and 0-10 h for AMB for all
tested strains. For a concentration equivalent to the MIC, the de-
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lay was between 3-23 h for CIN-102 and between 0-33 h for AMB
(Fig. 4).

Generally speaking, the optical density decreased for all strains
when the antifungal was added, which supposes a reduction in the
number of cells in the medium. We note that for AMB the ODg45q
is reduced by >50% compared with the control with a concentra-
tion equal to the MIC for all strains (except Aspergillus flavus) and
for Scedosporium apiospermum at a concentration of 0.5 x MIC. For
CIN-102, the OD459 was reduced by >50% for A. fumigatus TR46
and TR34 and L. prolificans. It also decreased by >50% at 0.5 x MIC
for L. prolificans and 0.25 x MIC for L. prolificans and S. apiosper-
mum (Table 5).

3.5. Synergy assay

No synergistic effect could be demonstrated, either by combin-
ing 0.5 x MIC of VRC or AMB with CIN-102 or cinnamaldehyde or
vice versa. All FICI values were between 1.062 and 2, i.e. no inter-
action. It should be noted, however, that no antagonistic effect was
demonstrated (Table 6).

3.6. Post-antifungal effect (PAFE)

Three profiles of PAFEs emerged for CIN-102: a dose-dependent
one, one with constant values whatever the dose of antifungal, and
one without any PAFE (Fig. 5). The PAFE of Fusarium and Aspergillus
strains was dose-dependent: 2 h at 1 x MIC and 11 h at 4 x MIC
for Fusarium solani and 7 h at 1 x MIC and 23 h at 4 x MIC for E
dimerum; and 8 h at 1 x MIC and from 21-23 h at 4 x MIC for A.
flavus, A. fumigatus TR34 and A. fumigatus TR46. For Scedosporium
strains, the PAFE did not appear to be dose-dependent: it was 9 h
whatever the initial dose of antifungal for S. apiospermum. For L.
prolificans, no PAFE was observed (Table 7).

4. Discussion

The results of this study on filamentous fungi have shown that
the activity spectrum of CIN-102 comprises the major genera in-
volved in human pathology, namely Aspergillus, Fusarium and Sce-
dosporium. The latter two have lower MICs than Aspergillus, which
is generally the opposite for conventional drugs [19]. Although the
MICs determined for CIN-102 are high compared with VRC or AMB,
they are similar to those highlighted for cinnamaldehyde and other
components derived from essential oils in the literature. A study
by Homa et al. showed the effectiveness of cinnamon essential oil
(Cinnamomum verum) against 18 Fusarium strains, with MICs be-
tween 31.25-500 pg/mL [20]. By comparison, itraconazole and flu-
conazole, two azole antifungals, when tested against several Fusar-
ium strains showed MICs up to 128 ug/mL and 256 ug/mlL, re-
spectively [21]. The oral LDsq (i.e. the dose required to kill one-half
of the members of a tested population after a specified test dura-
tion) determined in rats for cinnamaldehyde (CNMA) is 2.2 g/kg
(Fisher Scientific, safety data), 2 g/kg for VRC (Pfizer, safety data)
and 5 g/kg (Fisher Scientific, safety data) for AMB. Thus, CNMA
is not more toxic to humans than the drugs already used to treat
IFIs. As CIN-102 has a composition close to CNMA, we can assume
that its toxicity is similar. It is also important to note the unimodal
distribution of CIN-102 MIC values. Indeed, this shows that no re-
sistance against this antifungal has been identified in the tested
strains. Strains usually resistant to antifungals have CIN-102 MICs
comparable with sensitive strains. This is in favour of the hypothe-
sis that existing antifungal resistance mechanisms of these strains
have no impact on the efficacy of CIN-102. For A. fumigatus, the
TR46 and TR34 CYP51A gene mutations confer azole resistance, in
particular to VRC [22-24]. We therefore believe that CIN-102 does
not act on the same target as VRC. This is in agreement with the
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possible mode of action of essential oils described in the litera-
ture, which are thought to act on the plasma membrane and cell
wall [25]. The MICs obtained by the two methodologies, in liquid
and solid medium, are comparable. This allows us to validate the
model in liquid medium and to confirm the absence of bias due to
the plastic film placed on the 96-well plate, which can limit the
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passage of O,, reduce evaporation and could retain some CIN-102,
which has hydrophobic characteristics.

During the CIN-102 study, we tested in parallel the MICs for
CNMA on the same strains (data not shown). Although no signifi-
cant difference existed between both MICs, CIN-102 appears to be
a better candidate owing to lower toxicity compared with CNMA.
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Indeed, the compound CIN-102 corresponds to a mixture of differ-
ent elements present in the essential oil of cinnamon, including
CNMA, but genotoxic components have been removed [26-28]. We
can therefore assume that CIN-102 is also effective but less toxic.
CIN-102 appears to have a fairly significant inoculum effect;
however, it does not differ from that observed for AMB or VRC. In-
hibition of spore germination is stronger for CIN-102 than for con-
ventional antifungals, and only CIN-102 was capable of inhibiting
almost 100% of spore germination. The low inhibition rate demon-
strated for Fusarium spp. with VRC is consistent with clinical data
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in the literature [29]. The spore has a virulence, resistance and dor-
mancy factor, and current antifungals are not very effective against
this form (in particular for Fusarium spp. and L. prolificans). CIN-
102 would therefore be interesting because it achieves a level of
inhibition much higher than other products. Moreover, CIN-102
would also have an impact on the cell wall of fungi based on the
visual impact observed on spores. We also demonstrated no syn-
ergistic effect between VRC and AMB with CIN-102 for the strains
tested, but no antagonistic effect either. A PAFE is observed with
CIN-102 for all strains, except L. prolificans. For A. fumigatus, the
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Table 5

Percentage optical density in the medium with antifungal compared with the control without antifungal

Fusarium solani Fusarium dimerum  Aspergillus fumigatus  Aspergillus flavus  A. fumigatus TR34  A. fumigatus TR46  Scedosporium apiospermum  Lomentospora prolificans
C trati
oncentiation N1z AMB  CIN-102 AMB CIN-102 AMB CIN-102  AMB  CIN-102 AMB  CIN-102 AMB  CIN-102  AMB CIN-102 AMB
MIC 66.67 26.09 82.35 10.00 80.00 - 7143 100 - - 15.00 - 70.00 25.00 30.77 -
0.5 x MIC 66.67 65.22 88.24 67.50 80.00 58.82 71.43 100 100 41.94 70.00 68.97 75.00 50.00 38.46 80.00
0.25 x MIC 73.33 82.61 94.12 75.00 80.00 100 100 100 100 70.97 85.00 75.86 50.00 100 46.15 80.00

AMB, amphotericin B; MIC, minimum inhibitory concentration.

Table 6
Fractional inhibitory concentration index (FICI) for the tested strains
FICI
Combination Fusarium solani ~ Fusarium dimerum  Lomentospora prolificans ~ Scedosporium apiospermum  Aspergillus fumigatus  Aspergillus flavus  A. fumigatus TR34
CIN-102/VRC 2 1.5 2 1.5 1.5 1.5 2
CIN-102/AMB 1.5 2 1.25 1.5 1.5 2 1.062
CNMA/VRC 2 2 2 1 2 2 2
VRC/CNMA 1.5 2 2 2 2 2 2

VRC, voriconazole; AMB, amphotericin B; CNMA, cinnamaldehyde.

‘ID 32 2uS12ADT Yy ‘3SSaL ‘N ‘ounsoSy.d ‘W
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Table 7
Post-antifungal effect (PAFE) determined for CIN-102 against differ-
ent fungal strains with 4 h of contact before removal

PAFE (h)?
Strain
1xMIC 2xMIC 4 x MIC

Fusarium solani 2 11 11
Fusarium dimerum 7 NT 23
Scedosporium apiospermum 9 9 9
Lomentospora prolificans 0 0 0
Aspergillus fumigatus 8 8 21
Aspergillus flavus 8 8 23
A. fumigatus TR34 8 18 21
A. fumigatus TR46 8 17 23

MIC, minimum inhibitory concentration; NT, not tested.
2 The PAFE time was calculated in relation to the control.

PAFE is between 9-10 h after 4 h of contact with AMB (4 x MIC)
[18] and ~1 h after 2 h of exposure to posaconazole [30]. Since the
PAFE is generally greater when the antifungal is fungicidal, and our
results approach those of AMB, we can hypothesise that the mode
of action of CIN-102 may rather be fungicidal, but it is necessary
to confirm this with other experiments [31].

5. Conclusion

Although the amount of antifungal required to reach the MIC
is greater than with current antifungals, we have shown CIN-102
activity in all three genera, an inoculum effect and a PAFE. In ad-
dition, the effect on spore germination is interesting, and no resis-
tance was observed. CIN-102 may therefore be of interest in the
treatment of IFIs induced by strains resistant to current antifungal
agents. It now remains to discover its mechanism of action and to
confirm these properties in vivo using animal models.
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