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Highlights

e Macrocyclic amidinourea showed antifungal activity vs Candida spp., including auris
e Invitro and in vivo pharmacokinetics were evaluated

e Invivo toxicological and histological analyses were performed

e Data suggests the compound is suitable and safe for daily administration

e Valuable resource against renal and systemic infections

ABSTRACT

Background: Candida species are one of the most common causes of nosocomial bloodstream infections
among the opportunistic fungi. Extensive use of antifungal agents, most of which were launched on the
market more than 20 years ago, led to the selection of drug-resistant or even multidrug-resistant fungi. We
recently described a novel class of antifungal macrocyclic compounds with an amidinourea moiety that is
highly active against azole-resistant Candida strains. Objective: A compound from this family, BM1, was
investigated in terms of in vitro activity against various Candida species, including C. auris isolates, interaction
with the ABC transporter, CDR6, and in vivo distribution and safety. Methods: In vitro assays (CYP inhibition,
microsomal stability, permeability, spot assays) were used to collect chemical and biological data; animal
models (rat) paired with LC-MS analysis were utilised to evaluate in vivo toxicology, pharmacokinetics, and
distribution. Results: The current research shows BM1 has a low in vivo toxicity profile, affinity for the renal
system in rats, and good absorption, distribution, metabolism, and excretion (ADME). BM1 also has potent
activity against azole-resistant fungal strains, including C. auris isolates and CDR6-overexpressing strains.
Conclusions: The results confirmed low minimum inhibitory concentrations (MICs) against several Candida
species, including preliminary data vs. C. auris. BM1 has good ADME and biochemical characteristics, is
suitable and safe for daily administration and is particularly indicated for renal infections. These data indicate
BM1 and its derivatives form a novel, promising antifungal class.

1. INTRODUCTION

Invasive fungal infections are life-threatening diseases that affect the bloodstream and other typically sterile
body organs and are associated with long hospital stays and high costs for public health systems [1]. The pool
of patients at risk increases every day and includes individuals undergoing major surgery or affected by AIDS
or neoplasms [2,3]. Candida species account for most of the invasive infections among all the opportunistic
fungi, causing 50% of nosocomial mycoses [4]. The increase in multidrug-resistant Candida strains,
evolutionally selected by the use of antifungal agents introduced more than 25 years ago, worsens the
situation [5-8]. Candida auris perfectly embodies this trend. This emerging multidrug-resistant pathogen gives
rise to severe invasive fungal infections with high mortality, particularly among hospitalized patients.
Echinocandins are the empirical drugs of choice vs. C. auris; however, not all isolates are susceptible, and
resistance may develop during therapy. Therapeutic options for C. auris infections are limited; therefore, there
is an urgent need for new, effective antifungal therapies [9]. We recently described a novel class of antifungal
compounds that are highly active against various Candida strains [10-15]. These compounds comprise an
amphiphilic macrocycle and a methylene linker ending with an alkenyl guanidine. A representative of this
family, BM1 (Fig. 1), has recently been investigated in terms of its in vitro activity and in vivo safety, and has
proven efficacy in treating immunocompetent mice systemically infected with both azolesusceptible and
azole-resistant Candida strains [16]. Transcriptional analysis of the strains and fluorescence microscopy
experiments confirmed the intracellular accumulation of the compound and revealed CDR1 and CDR2
(Candida drug resistance) genes overexpression [16]. CDRs encode for a series of promiscuous transporters



belonging to the ATP-binding cassette (ABC) family [17]. These transporters act as efflux pumps for many
xenobiotics, including azole drugs such as fluconazole, pumping the drug out of the cytosol and preventing it
from reaching its target. A recently described transporter, CDR6, has also been shown to impact on azole
resistance [18]. Remarkably, BM1 has been shown to be highly active against strains overexpressing Cdr1 and
Cdr2 efflux pumps. In the current study, the ADME profile, in vivo pharmacokinetics and acute toxicology of
BM1 were thoroughly investigated after administration to rats, providing histological and toxicological
analyses and focusing on renal distribution. The interaction between BM1 and the recently identified and
characterized Candida ABC transporter, Cdr6 was also evaluated [18,19].

2. MATERIALS AND METHODS

2.1. BIOLOGICAL EVALUATION

2.1.1. Biological evaluation against Candida strains
The antimicrobial activity of BM1 was determined against 50 clinical isolates of Candida from 5 different
species (albicans, tropicalis, glabrata, krusei, and parapsilosis) and 18 clinical isolates of C. auris. The latter
were derived from patients with positive blood cultures in four hospitals in India, with known resistance
profiles to fluconazole, voriconazole and echinocandins. Yeast cells were grown in yeast-peptone-dextrose
(YPD) medium (Sigma-Aldrich, UK) for 16 h at 37°C and 150 rpm orbital shaker. Cells were then sub-inoculated
in fresh YPD medium and grown to an optical density (OD) of 0.3. The turbidity of the inoculum was adjusted
to 0.5 McFarland and diluted 1:500 in RPMI 1640 broth, corresponding to around 2.5 x 105 CFU/mL. Minimal
inhibitory concentrations (MICs) were determined by liquid growth inhibition assays by standard procedures
using serial dilutions of BM1 dissolved in an appropriate buffer with a final concentration from 256 to 0.125
pug/mL in a 96-well flat-bottom Microtiter® plate [20]. Plates were incubated at 35°C, and MIC values were
visualized after 24 h as the lowest concentration of BM1 that completely inhibited cell growth

2.1.2. Heterologous overexpression of CDR6 in S. cerevisiae strain
A heterologous CDR6-overexpressing C. albicans strain was constructed by PCR amplification of the CDR6
gene from genomic DNA of C. albicans SC5314 using CDR6-Pacl-FP and CDR6-NotI-RP primers (Supplementary
Table ST4) and cloned into the pABC3- GFP vector at the Pacl and Notl restriction site. This CDR6
genecontaining plasmid (pABC3-CDR6-GFP) was digested with Ascl and the transformation cassette was used
to transform S. cerevisiae AD(1-8)u- cells using the lithium acetate method to produce strain AD-CDR6
[21,22]. The susceptibility of these strains was evaluated by spot dilution assay as described previously [19].
Briefly, a 5- fold serial dilution of 0.1 OD600 culture in 0.9% saline was prepared from overnight cultures and
5 uL from each dilution were spotted on to Yeast Extract-Peptone-Dextrose (YEPD) agar plates containing
berberine (BER, 75 or 100 pg/mL), rhodamine 123 (R123, 4 ug/mL), fluconazole (FLC, 16 pg/mL), or test
compound (BM1, 4.65 pug/mL) and the plates were incubated at 30°C for 48 h. The expression levels of CDR6
gene in C. albicans clinical isolates (Gu4 and Gu5) were measured by semiquantitative RT-PCR and ACT1 gene
was used as an expression control as described previously [19]. The details of the method are provided in the
supplementary data.

2.2. IN VITRO ADME

2.2.1. Solubility Assay
Solid BM1 (1.0 mg) was added to 1.0 mL of distilled water. The sample was shaken in a shaker bath at room
temperature for 24 h. The suspension was filtered through a 0.45-um nylon filter (Acrodisc) and the
solubilized compound was quantified in triplicate using the chromatographic method 1, reported in the
supplementary data.



2.2.2. Binding Fluorimetric Assay
The binding of BM1 to human serum albumin (HSA) and a-1-acid glycoprotein (AGP) was monitored by
fluorescence spectroscopy to determine the dissociation constant (Kd). Results were validated using warfarin
and chlorpromazine (characterized by high affinity for HSA and AGP, respectively) as standard ligands and by
referring to previously reported data [23-25]. A quantitative analysis of the potential interaction was
performed by fluorimetric analysis using 96 multiwell plates: in each well a defined concentration of HSA or
AGP (10 uM in phosphate buffer 1 mM) was added with different amounts of tested compound (0.1 uM to
500 uM from stock solutions in dimethylsulfoxide [DMSO]). Plates were gently shaken for 30 min at room
temperature for equilibration. Spectra were recorded from 300 to 400 nm after excitation at 295 nm using a
Perkin Elmer EnVision Multilabel Reader 2014 spectrofluorimeter equipped with EnVision Manager ver.1.13
software. Kd values were calculated using GraphPad software (version 6.0) using nonlinear square regression
and two phase decay functions.

2.2.3. Parallel Artificial Membrane Permeability Assay (PAMPA)
A phosphate buffer (pH 7.4, 0.025 M) solution of BM1 0.5 mM was prepared (donor solution). The filters
present in the donor plate were coated with 5 plL of a 1% (w/v) dodecane solution of phosphatidylcholine.
Donor solution (150 pL) was added to each well of the filter plate; 300 pL of phosphate buffer solution were
added instead to each well of the acceptor plate. BM1 was tested in two different plates on different days.
The sandwich was incubated for 5 h at room temperature with gentle shaking. Plates were separated and
samples were taken from both receiver and donor sides. In these samples, BM1 was quantified using the
chromatographic method 1, reported in the supplementary data. Papp value was calculated as reported in
the supplementary data.

2.2.4. Microsomal Stability Assay
A DMSO solution of BM1 was incubated at 37°C for 60 min in 125 mM phosphate buffer (pH 7.4) and 5 pL of
human liver microsomal protein (0.2 mg/mL), in the presence of an NADPHgenerating system at a final
volume of 0.5 mL (50 uM final compound concentration); DMSO did not exceed 2% (final solution). The
reaction was stopped by cooling in ice and adding 1.0 mL of acetonitrile. The reaction mixtures were
centrifuged, and the parent drug and metabolites determined by LC-UV-MS using the chromatographic
method 2, reported in the supplementary data. The percentage of non-metabolized compound was
calculated by comparison with reference solutions.

2.2.5. CYP450 inhibition study
The inhibition of cytochrome P450 3A4 isoform by BM1 was measured by determining its conversion of the
substrate testosterone to 6B-hydroxytestosterone (CYP3A4-specific reaction) [26], a much-reported
methodology and an ideal standard [27-30]. The amount of 6B-hydroxylated metabolite was measured in
the presence and absence of BM1 and ketoconazole (testosterone concentration of 100 uM in phosphate
buffer 0.025 M, pH 7.4), a standard selective inhibitor of CYP3A4 [31,32]. Compounds were solubilized in
DMSO and added in a test-tube to give final concentrations of 1, 10, 25, 50 and 0.01, 0.05, 0.5, 5 uM, for
BM1 and ketoconazole, respectively. Incubations were performed in a mixture containing human liver
microsomes (1.0 mg/mL of protein) in phosphate buffer 0.025 M, pH 7.4 and NADPH (200 uM) previously
solubilized in an MgCI2 48 mM solution. The final incubation volume was 0.25 mL. After a 40-min incubation
at 37°C, the reaction was stopped by adding 1.0 mL of acetonitrile in the presence of corticosterone 2 uM as
internal standard. Samples were centrifuged for 20 min at 5000 rpm. Concentrations of testosterone and its
metabolite, 6Bhydroxytestosterone were determined using the chromatographic method 2, reported in the
supplementary data.



2.3.IN VIVO ADME

2.3.1. Invivo pharmacokinetics and renal tract distribution
For the in vivo pharmacokinetic assay, 3 groups of 3 healthy male rats received a different single dose of BM1,
2 and 10 mg/kg through intravenous (IV) injection and 20 mg/kg per os (PO). For the IV administration, water
plus 10% v/v N-methyl-2-pyrrolidone and kolliphore EL 20% w/v was used, whereas for PO, 0.5% Tween 80
was added to the same vehicle. Blood samples were collected from the tail vein at various time points (5’, 15/,
30,1 h,2h,4h,6h, and 24 h). After 24 h, rats were sacrificed and brain, liver and kidneys samples were
collected and analysed to measure the residual amount of compound. For the renal tract distribution, a first
group of 3 rats received the dose of 2.0 mg/kg each. A second control group of 3 rats was treated with vehicle
only. Rats were all injected by IV administration via the tail vein, once daily for 6 days. Observations were
made twice daily for clinical signs of pharmacological and toxicological effects of the treatment and urine
samples were collected for the first 3 days and the last day, by placing the animals in the metabolic chamber.
Tissues samples (kidney, bladder, liver, and brain) were collected at day 6. Blood samples were centrifuged at
5000 rpm for 20 min to separate the plasma fraction, which was collected in a test tube. Acetonitrile (with
internal standard at the concentration of 0.3 pg/mL) was added to each sample to denature proteins. Samples
were centrifuged at 5000 rpm for 20 min, and the supernatant was recovered, dried under vacuum and
solubilized again in methanol (100 pL). Organs were homogenized using a T10 basic ULTRA-TURRAXR
homogenizer (Bioclass, Pistoia, Italy); acetonitrile internal standard solution was added to extract the
compound from the tissue, and the homogenate was centrifuged at 5000 rpm for 20 min. The supernatant
was recovered and filtered. Urine samples were processed similarly to plasma fractions. BM1 was quantified
in the processed samples using the chromatographic method 1, reported in the supplementary data. The
matrix effect was also evaluated.
2.3.2. Invivo toxicology

The experimental design includes 3 treatment groups of 6 male adult rats and 1 additional control group of 3
rats. Treatment groups were administered with a different single-dose concentration of BM1 and the control
group was inoculated with vehicle only. Animals were weighed individually on day 1 and after 3 days at
sacrifice. The compound was injected via the tail vein in a single systemic dose (0.2 mL/dose) at dose levels
of 0.5, 2 and 10 mg/kg of body weight. Observations were made twice daily for clinical signs of
pharmacological and toxicological effects of the treatment. 24, 48 and 72 h post-inoculum, 2 rats from each
treatment group and 1 rat from the vehicle group were sacrificed and liver, kidneys, heart, spleen, and brain
samples were collected for histopathological examination. Sections of 2 um thickness were taken using a
microtome, processed in alcohol-xylene series, and stained with haematoxylin and eosin. Histopathological
changes in tissue specimens were assessed in at least 5 randomly selected tissue sections from each organ
for all rats of the groups under study.

3. RESULTS AND DISCUSSION

3.1. BIOLOGICAL EVALUATION

3.1.1. Invitro antimicrobial activities against Candida spp. Isolates
Antimicrobial activities of BM1 against various Candida spp. are summarized in Table 1. Details of single strain
MICs and activities of different classes of conventional antifungals against C. auris isolates are reported in
detail in Supplementary Tables ST1 and ST2. Susceptibility breakpoints for C. auris have not yet been defined
by either the Clinical and Laboratory Standards Institute (CLSI) or the European Committee on Antimicrobial
Susceptibility Testing (EUCAST). Hence, the information given above should be considered as indicative and
not as breakpoints that define resistance. Although these are still preliminary data, it was intriguing to find
that the C. auris strain for which MICs of fluconazole were the lowest (Strain 1a, Supplementary Table ST2) is
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the one on which BM1 presented the highest MIC (64 pug/mL), while other strains more susceptible to BM1
(with MICs ranging from 8 to 32 pg/mL) are those with the highest azole antifungal resistance profiles.
Notably, BM1 presented an MIC of 16 pg/mL against echinocandin-resistant strains (e.g. strain 45,
Supplementary Table ST2). Phylogenetically, C. auris is related to and can be confused with Candida
haemulonii [33], which is known for its intrinsic resistance to fluconazole and amphotericin B. Genetic and
molecular mechanisms of azoles resistance of C. auris have yet to be clarified in detail. An in vivo study using
a murine model of invasive candidiasis is necessary to compare the treatment effects of BM1 with those of
conventional antifungals.

Also, BM1 showed good to excellent MICs against more common species. The most sensitive was C. albicans
(with MICs as low as 0.125 pg/mL), followed by C. tropicalis and C. parapsilosis, whereas C. glabrata and C.
krusei were the less sensitive pathogens, except for a few strains. 3.1.2. Importance of the ABC

3.1.2. Importance of the ABC transporter CDR6 for the activity of 1

Our previous microarray data in the presence of BM1 showed that three ABC transporters (CDR1, CDR2, and
CDR6/0rf19.4531) were significantly up-regulated in C. albicans and we successfully proved how important
was the presence of CDR1 and CDR2 transporters in C. albicans for the susceptibility to BM1 [16]. Recently, a
new member of the ABC superfamily was identified and characterized (CDR6/0rf19.4531); this is localized
into the plasma membrane similar to CDR1 and CDR2 [19,34]. To test whether CDR6 also impacts on the
susceptibility towards BM1 in C. albicans similar to CDR1 and CDR2, spot analysis of C. albicans WT (SC5314)
and CDR6 null mutant (cdr6
/
) strains was performed in the presence of BM1. Surprisingly, there was no detectable change in susceptibility
towards BM1 (data not shown). This could be caused by the presence of CDR1 and CDR2 transporters in cdr6
/

mutant, which could compensate for the impact of the absence of CDR6. To overcome this issue and to test

the sole impact of CDR6 on BM1 activity, we exploited the heterologous overexpression system of S.
cerevisiae AD(1-8)u- strain, which is frequently used for expression and functional characterization of the
transporters from Candida and other similar yeasts [22,35]. This S. cerevisiae AD1-8u- strain lacks 7 ABC
transporters (ScYorlp, ScPdr5p, ScPdrl10p, ScSng2p, ScPdrllp, ScPdr15p, and ScYcflp), thus providing a
cleaner background by ensuring minimum masking effects due to major ABC transporters of the host. Thus,
the C. albicans Cdr6 transporter was overexpressed in S. cerevisiae AD(1-8)u- strain and the resulting
derivatized strain was designated as AD-CDR6. Spot assays were performed on AD-CDR6 and its parental
strain AD(1-8)u-in YEPD agar plates in the presence of berberine (BER), rhodamine 123 (R123) and BM1. The
AD-CDRG6 strain displayed resistance towards BER and R123 compared with its parental AD(1-8)u- strain (Fig.
2). This confirmed the functional overexpression of the Cdr6 transporter in the AD-CDR®6 strain as berberine
(BER) and rhodamine 123 (R123) are known substrates of Cdr6 [19]. Interestingly, AD-CDR6 showed a higher
susceptibility to BM1 compared with the parental AD(1-8)u- strain, indicating that, as with Cdrl and Cdr2,
the presence of the Cdr6 transporter makes the cell susceptible towards BM1. The impact of these ABC
transporters was further confirmed in clinical isolate match pairs of C. albicans, where CDR1, CDR2, and CDR6
were simultaneously overexpressed in azole-resistant isolate Gu5 compared with sensitive isolate Gu4 [36]
(Fig. 3a). As can be seen in Fig. 3b, clinical isolates overexpressing CDR6, CDR2, and CDR1 showed resistance
towards fluconazole but were highly susceptible to the presence of BM1. This finding confirms previous
observations: there is a positive correlation between the presence of ABC transporters and the order of
activity of BM1. The transporters are involved in the mode of action of this compound in a way we still do not
completely understand. They could be involved in the uptake process, thus their presence would enhance
the activity of BM1 by increasing the amount of compound in the cellular compartment. Although there is no
definitive proof of this supposition, the current data clearly indicate that overexpression of the ABC



transporters is associated with a phenotype favouring the entry, but not the efflux, of the compound and
consequently renders azole-resistant fungal strains more susceptible to the fungicidal action of BM1.
3.2.IN VITRO ADME RESULTS

3.2.1. Water solubility, binding to serum proteins, permeability assay
Compound 1 presented a good water solubility and a one-site binding kinetics for plasmatic proteins HSA and
AGP (Table 2), with higher affinity for AGP than HAS (20-fold lower affinity for the latter). These results could
be expected since AGP has the ability to bind cationic molecules with higher efficiency.[37]
Passive permeability was evaluated by PAMPA, which simulated the composition of the lipidic intestinal
lumen. It presented a low passive permeability, which is counterbalanced by its good water solubility during
the distribution process. All the data are reported in Table 2.

3.2.2. Microsomal Stability Assay and CYP450 inhibition
The susceptibility of BM1 to metabolism in the presence of human liver microsomal protein was evaluated
to understand if its metabolism could involve CYP-oxidative pathways. BM1 exhibited high metabolic stability:
95% of the unmodified parent compound was detected (Table 2) and no potentially inactive oxidized
derivatives were detected. The inhibition of BM1 towards CYP3A4 was determined as this isoform is involved
in the first line of xenobiotic processing, in the occurrence of several drug-drug interactions, drug toxicity,
reduced pharmacological effect, and adverse drug reactions [38,39]. The amount of 6B-hydroxytestosterone
in the control mix and in the samples with added BM1 was not significantly different (P > 0.05). These data
indicate that BM1 does not inhibit CYP3A4 activity (Fig. 4, panel A). As azole antifungals are known CYP450
inhibitors this information is important in terms of potential coadministration [39]. This could pave the way
to a synergic effect evaluation. Data for ketoconazole, used to validate our method, are also reported (Fig. 4,
panel B).

3.3.IN VIVO ADME RESULTS

3.3.1. Invivo pharmacokinetics

The in vivo pharmacokinetic experiment was conducted using rats to obtain insights about BM1 distribution.
Both IV injection and PO administration were considered. The levels of BM1 in plasma following PO
administration were lower than the limit of quantification. On the other hand, trend of plasma levels at 2 and
10 mg/kg IV, expressed as pg of BM1 per mL of plasma vs. time, was quantifiable and can be seen in Fig. 5.
The results indicated a first-order kinetic; pharmacokinetics parameters were calculated and reported in Table
3. Oral bioavailability of BM1 could be further tested using higher doses in the future. The low oral
bioavailability of the compound could be linked to its low permeability (as shown from PAMPA). This common
problem in drug development could be overcome by adjusting the drug formulation, e.g. by incorporating
permeability enhancers or increasing local luminal concentration. The first-order kinetic after IV
administration indicates a constant fraction of the drug is eliminated during the treatment. As supported by
the pharmacokinetic values reported in Table 3, such as the Cmax and AUC t1/2, this clearly shows that BM1
is compatible with daily administrations. Analyses of tissue samples from brain, liver, and kidneys are shown
in Fig. 6. Brain levels were close to the detection limit, so were considered null; therefore, BM1 is not suitable
to cross the blood-brain barrier. No noteworthy accumulation was observed in liver tissue. There was a
significant concentration of BM1 in renal tissue, as may be expected given the good hydrophilicity of the
compound, which routes BM1 to renal excretion. These data, along with its metabolic stability, indicate that
BM1 did not tend to accumulate in a particular organ or tissue and that renal excretion could be the only
significant elimination route.



3.3.2. Renal and urinary tract distribution
To further investigate the affinity of BM1 to kidneys shown in previous pharmacokinetic analyses, an
additional study was performed that specifically focused on the urinary tract to identify potential target
organs of BM1. Tissue and urine analyses data are summarized in Fig. 7.
During treatment, tails of all animals, including those in the control group, did not present any suffering or
inflammation. No animal died before the endpoint. Again, brain levels were lower than the limit of detection,
and bladder levels were comparable to that of the liver. Kidneys showed greater concentrations of unmodified
compound, which were also detected in urine samples. These results are compatible with BM1 being rapidly
filtered through the glomerular capillaries, then entering the nephron and being reabsorbed, thus
concentrating in the tubular lumen from which it is then slowly and regularly excreted through urine. The
results of the urine analysis confirm the hypothesis of renal elimination of BM1 in concentrations of 2-3
pug/mL, while it is able to reach higher concentrations (up to 25.7 ug/g) in kidneys. These values are
comparable or higher than MICs for many Candida strains; therefore, BM1 is a valuable option for the
treatment of urogenital infections.

3.3.3. Invivo toxicology
In vivo experiments were performed to exclude tissue damage or acute toxicity events. Representative images
of the histological examination sections, stained with haematoxylin and eosin, of brains, livers, spleens, and
kidneys from rats are provided in the supplementary material (Supplementary Figure 2 and 3). There were
no clinical signs of toxicological effects during the daily observations of living animals and no obvious
alterations in cellular morphology of organs from treated vs. untreated rats from the histological analysis.
Animal behaviour and wellness were not compromised during the treatment period. These data strongly
support the safety of BM1 in clinical use.

4. CONCLUSION

In this work, we investigated a representative of a novel class of antifungal compounds. The ADME profile of
BM1 is excellent, with good solubility and microsome stability, and it does not inhibit human cytochrome
activity; but, as a downside, it has low passive permeability, which could be expected given its good
hydrophilicity. We verified the activity of BM1 against azole-resistant fungal strains, overexpressing efflux
pumps, which is a key feature in novel promising drugs. Early data on its activity against C. auris strains have
been collected and the results are encouraging. This compound could be a valuable treatment option to
defeat fungal systemic infections in the future, and, currently it appears to be a valid option for the treatment
of renal infections, where it accumulates to concentrations higher than most of the MICs it showed for
Candida species, such as albicans, tropicalis and parapsilosis.
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FIGURE CAPTIONS

Fig. 1. Chemical structure of BM1.

Fig. 2. Susceptibility test of the S. cerevisiae mutant strains AD-CDR6 and AD(1- 8)u-to BM1 and, as reference,
to BER (Berberine) and R123 (Rhodanine 123). A 5- fold serial dilution of each strain was spotted on to YEPD
(Ctr) and YEPD with BER (75 pg/mL), BM1 (4.65 pug/mL), and R123 (4 ug/mL) agar plates and grown for 48 h
at 30 °C.

Fig. 3. CDR6 expression study in clinical isolates of C. albicans and its impact on susceptibility to BM1. (a)
Semiquantitative RT-PCR of CDR6 in Gu4 vs Gu5 clinical isolates of C. albicans. (b) C. albicans clinical isolates
growth comparison by spot dilution assay in presence of FLC (fluconazole, 16 pg/mL) and BM1 (4.65 pg/mL).
Fig. 4. Inhibition of CYP3A4 isoform activity by BM1 (panel A) and ketoconazole (panel B), measured as
concentration of B6-hydroxytestosterone (B6-OH-TST), compared to the control (Ctrl) mix in absence of
compounds. Statistical significance for BM1 has been evaluated through Graphpad InStat v. 3.02 using
Student’s t-test.

Fig. 5. Plasmatic levels of BM1 at two different doses after intravenous administration. The smaller chart is in
semi-log scale.

Fig. 6. Quantity levels of BM1 found in different organs after 24 h intravenous inoculum at two different dose
regimens (2 and 10 mg/kg body weight) expressed in pg/g of tissue.

Fig. 7. Analysis of BM1 level in rats. On the left, kidney, bladder, liver, and brain levels after 6 days (2 mg/kg
dosage) expressed as pg/g of tissue. On the right, levels of BM1 in urine after 24, 48, 72 and 144 h (ug/mL of
urines).



Table 1. Antifungal activities of compound BM1 against various Candida species. MICs and MBCs are reported

in ug/mL as a range (lowest and highest observed MIC for each species). The number of tested strains per

species is reported in parenthesis.

MIC and MBC range (ug/mL) against Candida species

C. albicans (10)

C. tropicalis (10) C. parapsilosis (10) C. glabrata (10) C. krusei (10) C. auris (18)

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC | MBC
32- 64- 128-

0.125-2 22-4 2 2-4 8-16 32-64 64-128 8-64 8-64
64 128 256

MBC, minimum bactericidal concentration; MIC, minimum inhibitory concentration




Table 2. In vitro water solubility, passive permeability and binding with human serum proteins of compound
BM1.

Binding human
Metabolic Major ;
LogS?® Membrane permeation® e ) L serum proteins
(log mol/L) Papp* x 10®(cm/s) Stability Metabolitese K (LM)
¢ (%) (%)
AGP HSA
2.61 <0.1 95 M+OH (5) 12.2 212.1

a Aqueous solubility was determined by means of LC-MS method 1 reported in supporting data (log mol/L).
b Membrane permeation was determined with a PAMPA technique. c Apparent Permeability. d The human
liver microsome stability is expressed as percentage of unmodified parent drug. e M = mass of the parent
drug; the percentage of metabolite experimentally determined via LC-MS is reported in parentheses. e
Dissociation constant (Kd) values are measured by means of indirect fluorescence method.



Table 3. PK parameters for compound BM1.

PK Parameter Unit 10 mg/kg IV 2 mg/kg IV 20 mg/kg PO
Value Value Value
t1/2 h 13.01 15.68 n.d.
Tmax h 0.08 0.08 n.d.
Cmax pg/mL 2.78 0.87 n.d.
Co ug/mL 3.15 1.14 n.d.
AU Co->24n pg/mL*h 6.11 1.11 n.d.
AUCo-s-o g/mL*h 1.44 7.83 n.d.
AUMCo- pg/mL*h? 108.27 20.82 n.d.
MRTO—> oo H n.d.
Vz (mg/kg)/(ug/mL) [R3.95 31.40 n.d.
Cl (mg/kg)/(ug/mL)/h 1.28 1.39 n.d.

Data calculated with PKSolver. [40] Cmax: maximum concentration observed. CO: concentration at time 0
(estimated). Tmax: time of maximum concentration observed. MRT: mean residence time. AUC: area under
the curve. AUMC: area under the first moment curve. Vz: volume of distribution. Cl: clearance. t1/2: halflife.
n.d.: not detected. IV: intravenous. PO: per os.
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