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Corallopyronin A (CorA), a natural product antibiotic of Corallococcus
coralloides, inhibits the bacterial DNA-dependent RNA polymerase. It is
active against the essential Wolbachia endobacteria of filarial nematodes,
preventing development, causing sterility and killing adult worms. CorA is
being developed to treat the neglected tropical diseases onchocerciasis and
lymphatic filariasis caused by Wolbachia-containing filariae. For this, we have
completed standard Absorption, Distribution, Metabolism, Excretion and
Toxicity (ADMET) studies. In Caco-2 assays, CorA had good adsorption
values, predicting good transport from the intestines, but may be subject to
active efflux. In fed-state simulated human intestinal fluid (pH 5.0), CorA half-
life was >139 minutes, equivalent to the stability in buffer (pH 7.4). CorA plasma-
stability was >240 minutes, with plasma protein binding >98% in human,
mouse, rat, dog, mini-pig and monkey plasma. Clearance in human and dog
liver microsomes was low (35.2 and 42 pl/min/mg, respectively). CorA was
mainly metabolized via phase | reactions, i.e., oxidation, and to a minimal extent
via phase Il reactions. In contrast to rifampicin, CorA does not induce CYP3A4
resulting in a lower drug-drug-interaction potential. Apart from inhibition of
CYP2C9, no impact of CorA on enzymes of the CYP450 system was detected.
Off-target profiling resulted in three hits (inhibition/activation) for the A® and
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PPARYy receptors and COX1 enzyme; thus, potential drug-drug interactions
could occur with antidiabetic medications, COX2 inhibitors, angiotensin AT1
receptor antagonists, vitamin K-antagonists, and antidepressants. In vivo
pharmacokinetic studies in Mongolian gerbils and rats demonstrated
excellent intraperitoneal and oral bioavailability (100%) with fast absorption
and high distribution in plasma. No significant hERG inhibition was detected
and no phototoxicity was seen. CorA did not induce gene mutations in bacteria
(Ames test) nor chromosomal damage in human lymphocytes (micronucleus
test). Thus, CorA possesses an acceptable in vitro early ADMET profile;
supported by previous in vivo experiments in mice, rats and Mongolian
gerbils in which all animals tolerated CorA daily administration for 7-28 days.
The non-GLP package will guide selection and planning of regulatory-conform
GLP models prior to a first-into-human study.

KEYWORDS

Onchocerciasis, ADMET, filaria, macrofilaricidal, corallopyronin A, anti-Wolbachia,
Onchocerca volvulus

Introduction

Filarial nematodes are the causative agents of the devastating
diseases lymphatic filariasis (LF) and onchocerciasis with
approximately 68 million and 21 million people infected,
respectively (1). LF is caused by the filarial nematodes
Wuchereria bancrofti, Brugia malayi or Brugia timori and can
lead to lymphedema in the lower extremities (elephantiasis) and
in the scrotum of men (hydrocele). Onchocerca volvulus is the
causative agent of onchocerciasis, which can cause severe dermatitis
and vision impairment, including blindness, giving it the common
name “river blindness” (2, 3). While LF is found in sub-Saharan
Africa, South-East Asia and Central/South America, 99% of the
onchocerciasis patients live in sub-Saharan Africa with additional
foci in Yemen, Venezuela and Brazil (3-5). Due to the severity of
these diseases and since they present a major public health burden
in endemic countries, the WHO targeted the elimination of these
diseases in the Roadmap for Neglected Tropical Diseases 2021-2030
(1, 2, 6=9). The goal is to eliminate LF as a public health problem
and to eliminate onchocerciasis transmission by 2030 in most
endemic countries. Currently, onchocerciasis is controlled by
mass drug administration (MDA) using ivermectin (plus
albendazole), while MDA with a triple therapy of ivermectin,
diethylcarbamazine (DEC) and albendazole is recommended for
LF (10, 11).

However, these treatment strategies face several problems that
prevent the efficient elimination of LF and onchocerciasis. DEC
used for the treatment of LF leads to a rapid killing of the first-stage
larvae, the microfilariae (MF), which can cause severe adverse
events (SAEs) if patients co-infected with onchocerciasis are
inadvertently also treated (12, 13). Thus, the triple therapy against
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LF cannot be administered in areas co-endemic for onchocerciasis
without major precautions, limiting the triple therapy to areas
without onchocerciasis. In addition, ivermectin used for the
treatment of onchocerciasis can lead to SAEs in highly
microfilaremic loiasis patients, another filarial disease found in
central Africa and often co-endemic with onchocerciasis (13-15).
Current drugs used for MDA only target the MF stage and only
temporarily inhibit embryogenesis in female adult worms, while
macrofilaricidal activity, i.e., adult worm killing, is limited. Thus,
MDA treatment has to be given on an annual or bi-annual basis for
the reproductive life span of the female adult worms, which can be
up to 15 years in the case of onchocerciasis (2).

To effectively achieve the goals set by the WHO,
macrofilaricidal compounds are required. Many parasitic
filarial nematode species harbor endosymbiotic Wolbachia
bacteria that live in a mutualistic relationship with the filariae,
providing the filariae with essential nutrients for growth,
reproduction, and survival (16-20). Thus, targeting the
endosymbiotic Wolbachia bacteria using antibiotics has several
advantages. Antibiotics permanently sterilize adult worms,
which leads to a slow decline in MF counts and concomitantly
reduces the risk of SAEs in filariasis patients while inhibiting
filarial transmission. The anti-Wolbachia drug doxycycline has
macrofilaricidal activity (2, 21, 22). However, doxycycline is
contraindicated for pregnant/breast feeding women and
children below the age of 8. Moreover, the long treatment
duration of at least 4 weeks makes doxycycline unsuitable for
MDA. Thus, new macrofilaricidal drug candidates are required
to effectively eliminate LF and onchocerciasis. Especially
onchocerciasis elimination needs a new drug as ivermectin is,
next to moxidectin (23), the only drug available and reduced
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responses to ivermectin have been described in different foci
(24-27).

There are a few new macrofilaricidal drug candidates that
have been developed for the treatment of filariasis, which are
currently under investigation in different clinical trials for their
efficacy and safety. Next to the direct acting drugs emodepside
(28, 29) and oxfendazole (30), anti-wolbachial drugs such as
high-dose rifampicin (31), AWZ1066S (32) and ABBV-4083 (33,
34) entered or have passed phase 1 clinical trials (35). However,
due to high attrition rates in clinical studies, additional drug
candidates are required.

Corallopyronin A (CorA) is a myxobacterial o-pyrone
antibiotic which includes two side chains (Table 1). The
eastern chain is structurally defined by a vinyl carbamate
structure. The vinylogous carboxylic acid structure of the
western chain leads to the acidic behavior of CorA (pKa: 3.7).
However, long alkyl chains with several double bonds beginning
from the pyrone ring cause the lipophilic character of CorA

10.3389/fitd.2022.983107

(logP: 5.4) (36, 37). It is an antibiotic naturally produced by the
soil myxobacterium Corallococcus coralloides and inhibits the
bacterial DNA-dependent RNA polymerase (RNAP) (38, 39).
CorA is highly effective against Gram-positive bacteria, while it
shows only low efficacy against Gram-negative bacteria (38, 40,
41). In contrast to rifampicin, which also inhibits the RNAP,
CorA inhibits the RNAP at the switch region (40, 41), thus it is
active against rifampicin-resistant Staphylococcus aureus (38,
42). Because CorA binds to a different RNAP target side,
cross-resistance with rifampicin is not seen (38, 43).

Even though endosymbiotic Wolbachia of filariae are Gram-
negative bacteria, significant genome reduction has rendered
them susceptible to CorA treatment in vitro and in vivo (16). In
vitro CorA treatment reduced Wolbachia bacteria in infected
insect cell cultures (39), while in vivo CorA treatment reduced
Wolbachia bacteria in the Litomosoides sigmodontis rodent
infection model (44). Administration of CorA one day after L.
sigmodontis infection in mice and after adult worm development

TABLE 1 In vitro potency of CorA and its derivatives against Wolbachia bacteria in C6/36 cells.

Substrate Structure ECso[uM]"
CorA? 0.013*
CorA"? 0.066
Pre-CorA* 0.047%
CorC® 0.059
CorD® 0.011

"ECsp, half maximal effective concentration; *CorA, corallopyronin A; *CorA’, corallopyronin A’; *Pre-CorA, pre-corallopyronin A; *CorC, corallopyronin C; °CorD, corallopyronin D.

*values from (36).
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in mice and Mongolian gerbils for 14 days reduced Wolbachia
from the female worms by more than 99% (44). Moreover, in L.
sigmodontis-infected Mongolian gerbils, MF counts slowly
declined beginning 6 weeks post CorA treatment and were
eliminated 16 weeks post treatment through normal attrition
of existing MF and inhibition of MF production/embryogenesis
in the adult worms (44). In addition, other intracellular Gram-
negative bacteria are depleted by CorA treatment: Rickettsia
spp., Chlamydia trachomatis, and Orientia tsutsugamushi (45—
47). Thus, CorA is a promising new drug candidate for
treatment of onchocerciasis and LF, chlamydial infections,
typhus, scrub typhus, and as a reserve antibiotic for MRSA.

To develop CorA as an antibiotic for human use, pre-clinical
studies need to be conducted to understand its in vitro absorption,
distribution, metabolism, excretion and toxicity (ADMET) to plan
appropriate in vivo safety pharmacology and toxicity studies.
Therefore, regulatory agencies require evaluating drug metabolic
pathways in vitro, specific enzyme responses for elimination, drug-
drug-interactions, pharmacological effects and drug metabolites.
Herein we describe the in vitro ADME and toxicity profile of CorA
as well as in vivo pharmacokinetic data. First, additional
physiological and absorption properties of CorA were determined
using FeSSIF and Caco-2 assays. CorA distribution and stability was
assessed through protein stability and plasma protein binding
experiments. Liver microsome and UGT metabolism assays were
performed to analyze CorA metabolism and its metabolites. By
using liver microsomes from six different species, interspecies
metabolic comparisons were studied. Cytochrome P450
(CYP450) inhibition and CYP450 3A4 induction assays assessed
drug-drug-interactions. Off-target effects were determined for CorA
with a Cerep panel. As it is important to correlate in vitro and in
vivo data, PK profiles in rats and Mongolian gerbils were
determined. The data show that CorA is readily absorbed with a
bioavailability in vitro and in vivo. Furthermore, the data indicate
that CorA is primarily metabolized via phase I reactions and only
slightly upregulated CYP450 3A4. Finally, toxicological analyses
including hERG, Ames and micronucleus tests were carried out to
define cardiotoxicity, genotoxicity and cytotoxicity potential,
respectively, with no critical results. The completed non-GLP
package will guide selection and planning of regulatory-conform
GLP assays to be conducted prior to a first-into-human study.

Materials and methods

CorA

CorA with a purity of >91% was produced by the Helmholtz
Centre for Infection Research, Department of Microbial Drugs
using the heterologous producer strain Myxococcus xanthus
carrying the CorA biosynthesis gene cluster and was purified
as reported previously (37, 39).
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In vitro potency

The in vitro activity of CorA against Wolbachia was
determined in a Wolbachia-infected Aedes albopictus cell line
(C6/36) as described previously (39). Briefly, 1 x 10* C6/36 cells
infected with Wolbachia from A. albopictus B were seeded and
cultured for 9 days with and without different CorA derivatives
(CorA, CorA’, pre-CorA, CorC, CorD). The following
concentrations were used to determine the ICsy: 4, 2, 1 uM,
500, 125, 62.5, 31.25, 15.625, 7.8, 3.9 and 1.95 nM. The medium
was exchanged every third day and the cells were harvested on
day 9. Genomic DNA was extracted and Wolbachia depletion
was determined via quantitative real-time polymerase chain
reaction (QPCR) using primers targeting the 16S-rDNA gene
of Wolbachia and the A. albopictus actin gene (39). Nonlinear fit
curves were generated and the ICs, was determined.

In vitro metabolism

LC-MS/MS

Assays were performed and analyzed at Peakdale Molecular
(Now part of Malvern Panalytical, Malvern, United Kingdom)
and Pharmacelsus (Saarbriicken, Germany).

For the determination of CorA concentration at Peakdale
Molecular, a Thermo Fisher Scientific (Waltham, USA) mass
spectrometer TSQ Quantum Ultra was used with following
settings: Spray Voltage: 3000 mV, Vaporiser Temperature:
350°C, Sheath Gas Pressure: 60, Ion Sweep Gas Pressure: 0.5,
Auxillary Gas Pressure: 20, Capillary Temperature: 270°C.
Detection was performed using a multiple reaction monitoring
(MRM) method with QuickQuam software from Thermo Fisher
Scientific (Waltham, USA).

The following LC-MS instruments were used at Pharmacelsus:
LC-MS: Surveyor MS Plus HPLC (Thermo Electron, Waltham,
USA) HPLC system connected to a TSQ Quantum Discovery Max
(Thermo Electron) triple quadrupole mass spectrometer equipped
with an electrospray (ESI) (Thermo Fisher Scientific); connected to
a PC running the software Xcalibur 2.0.7. LC-MS: Accela U-HPLC
pump and an Accela auto sampler (Thermo Fisher Scientific)
connected to an Exactive mass spectrometer (Orbitrap with
accurate mass (Thermo Fisher Scientific)); data handling with the
software Xcalibur 2.1. LC-HRMS: Accela U-HPLC pump and an
Accela Open auto sampler (Thermo Fisher Scientific) connected to
an Q-Exactive mass spectrometer (Orbitrap); data handling with
the software Xcalibur 2.2. LC-MS: Dionex UltiMate 3,000 RS pump
(Thermo Fisher Scientific) and Dionex UltiMate 3000 RS column
compartment and Accela Open Autosampler (Thermo Fisher
Scientific) connected to an Q-Exactive Plus mass spectrometer
(Thermo Fisher Scientific), data handling with the software
Xcalibur 4.0.27.19. The pump flow rate was set to 600 pl/min and
the analytes were separated on a Kinetex Phenyl-Hexyl analytical
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column 2.6 um, 50 x 2.1 mm (Phenomenex, Germany), on an
Accucore RP-MS, 2.6 um, 50 x 2.1 mm (Phenomenex, Germany) or
a Luna Omega PS C18 5 pm, 100 x 2.1 mm (Phenomenex,
Germany) with corresponding pre-columns using the following
gradients (Suppl. Table 1).

Verapamil, diclofenac and propantheline were measured
applying the triple quadrupole technology and full scan mass
spectra acquired in the positive mode using syringe pump
infusion to identify the protonated quasimolecular ions [M+H]".
Auto-tuning was carried out for maximizing ion abundance
followed by the identification of characteristic fragment ions
using a generic parameter set: ESI ion-transfer-capillary
temperature 350°C, capillary voltage 3.8 kV, collision gas 0.8
mbar argon, sheath gas, ion sweep gas and auxiliary gas pressure
were 40, 2 and 10 (arbitrary units), respectively. Ions with the
highest S/N ratio were used to quantify the item in the selected
reaction monitoring mode (SRM) and as qualifier, respectively. For
warfarin, measurements were performed using an OrbitrapTM with
accurate mass (Q-Exactive). As MS tune file, a generic tune file was
used and as a lock mass for internal mass calibration the [M+H]"
ion of the Diisooctyl phthalate (m/z 391.28429), which is
ubiquitously present in the solvent system, was used. Further
analyzer settings were as follows: max. trap injection time 150 ms,
sheath gas 40, aux gas 10, sweep gas 2, capillary voltage 4 kV for the
positive and 2.8 kV for the negative mode, capillary temperature
350°C, H-ESI heater temperature 350°C.

For measurements applying the Q-Exactive Plus technology,
as MS tune file, a generic tune file was used and as a lock mass for
internal mass calibration the [M+H]" ion of the Diisooctyl
phthalate (m/z 391.28429), which is ubiquitously present in
the solvent system, was used. For analysis of CorA, 3-estradiol
and propofol, the MS was operated in the positive full scan
mode, the accurate mass of the monitoring ions +5 mDa were
used for CorA and internal standard peak integration. Further
analyzer settings were as follows: max. trap injection time 80 ms,
sheath gas 40, aux gas 10, sweep gas 2, spray voltage 3.8 kV,
capillary temperature 350°C, heater 350°C.

Absorption

Stability in fed-state simulated intestinal fluid
and permeability in Caco-2 cells
FeSSIF assay

FeSSIF assay was performed and analyzed by Peakdale
Molecular. To determine the stability in fed-state, CorA (1
uM) was incubated with fed state simulated intestinal fluid
(FeSSIF, pH 5.0). For comparison CorA (1 uM) was incubated
with PBS pH 7.4. Concentrations were measured at six time
points (1, 5, 15, 30, 45 and 60 min) by using LC-MS/MS and the
half-life for the three fluids were determined.
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Caco-2 assay

Permeability in Caco-2 cells was performed and analyzed by
Peakdale Molecular. Briefly, Caco-2 cells were cultured for 21
days in a 24-well plate and monolayer was confirmed using a
Lucifer yellow test. CorA was added at a concentration of 10 uM
and cells were placed on an orbital shaker for 2h at 37°C.
Unidirectional transporter assay was performed by adding
CorA to the apical well and measuring the concentration in
the basolateral well after 2h (A—B). A bidirectional transporter
assay was performed where CorA was added to the basolateral
well and measured in the apical well after 2h (B—A). Efflux ratio
was calculated by comparing the rates in both directions using
LC-MS/MS. Cimetidine and propranolol were used as controls.

CorA plasma protein binding and stability in
plasma from six different species

Plasma stability assay and plasma protein binding for dog,
mini-pig and monkey was done by Pharmacelsus. Plasma
protein binding for mouse, rat and human was done by
Peakdale Molecular.

Plasma stability assay

Plasma stability assay was done by Pharmacelsus. CorA was
tested at a final concentration of 10 uM in plasma from CD-1
mice, Sprague Dawley rats, beagle dogs, Goettingen mini-pig,
Cynomolgus monkey and human. Propantheline was included
as positive control. Samples were prepared at different time
points (0, 30, 60, 120, and 240 minutes). Afterwards, plasma was
inactivated by addition of acetonitrile (ACN) containing an
internal standard and analyzed by LC-MS/MS. The pump flow
rate was set to 600 pl/min and the analytes were separated on a
Kinetex Phenyl-Hexyl analytical column 2.6 pm, 50 x 2.1 mm
(Phenomenex, Germany), on an Accucore RP-MS, 2.6 um, 50 x
2.1 mm (Phenomenex) or a Luna Omega PS C18 5 um, 100 x
2.1 mm (Phenomenex) with corresponding pre-columns. Half-
life (t;/,) estimates for the test item were determined using the
rate of parent disappearance.

Plasma protein binding assay (PPB) at Pharmacelsus
Plasma protein binding for dog, mini-pig and monkey was
determined by Pharmacelsus. Plasma samples and control
plasma samples were incubated with 10 uM CorA or 10 uM
warfarin as positive control at 37°C for 60 min in the dark.
Afterwards, a modified ultrafiltration technique was applied. In
parallel with each experimental plasma sample, a control plasma
sample was additionally processed by ultrafiltration. The
retentate from experimental and control plasma samples were
mixed back into the filtrate of the respective partner sample.
Therefore, plasma samples were added to sample reservoirs of
Microcon® centrifugal filter units (UltracelYM30, MWCO
30,000 Da; Millipore, USA). All ultrafiltration units were
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centrifuged at 6,500 x g for 12 minutes at room temperature. The
sample reservoirs containing plasma retentate were then
inverted and placed on the filtrate collection tubes of the
partner ultrafiltration unit. The ultrafiltration units were
centrifuged a second time at 700 x g for 20 seconds, such that
the retentate was mixed with the filtrate of the partner sample.
Thus, the CorA concentration in the experimental filtrate
represents the unbound fraction, whereas the experimental
retentate contains the bound fraction (fb). Plasma samples
were inactivated by the addition of ACN containing an
internal standard (ISTD, 1 pM), precipitated and supernatant
was used for LC-MS. The PPB was expressed as mean value of
experimentally determined fb in the retentate and fb calculated
from experimentally determined fraction unbound (fu) in the
filtrate. The CorA concentration in the 60 min negative control
sample was compared to the non-incubated negative control
sample concentration (=100%) to determine CorA plasma
stability. The percentage of compound bound to plasma
proteins (%PPB) was calculated.

Plasma protein binding assay (PPB) at
Peakdale Molecular

Plasma protein binding for mouse, rat and human was done
by Peakdale Molecular. Pooled plasma (50% in buffer) was
warmed to 37°C for 10 min and CorA was added at
concentration of 5 uM. Five hundred microliters of dialyzed
buffer was added to one side of the chamber of the RED device
(Thermo Fischer) and 300 ul of the plasma-CorA-mixture was
added to the other side of the chamber. The RED device was
sealed with tape and shook at 500 rpm at 37°C for 4h.
Afterwards, 50 pl from each chamber was collected and mixed
with 50 pl buffer. Three hundred microliters of ice-cold ACN
containing an internal standard was added to precipitate
proteins. Samples were centrifuged at 3,800 rpm at 4°C for
20 min. As controls, warfarin was used. The supernatant was
analyzed using LC-MS/MS.

Metabolism

In vitro metabolic stability
Metabolic stability in liver microsomes and
identification of metabolites

Metabolic stability in liver microsomes was done at
Pharmacelsus. Metabolic stability of CorA was tested using
mouse, rat, dog, mini-pig, monkey and human liver microsomes
fortified with the Phase I and II metabolism cofactors NADPH,
UDPGA and alamethicin. For this, 0.25 mg/ml of microsomal
protein in phosphate buffer (100 mM pH 7.4 supplemented with
2 mM MgCl,) were incubated with 1 uM CorA or 1 uM of the
positive controls verapamil and diclofenac. The experiment was
initiated by the addition of 22 mM UDPGA, 2.5 mg/ml alamethicin
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and 10 mM NADPH. After 0, 2, 15, 30, and 45 minutes, samples
were drawn and precipitated with ACN containing internal
standards. Microsomal metabolic activity was assessed in terms of
verapamil or diclofenac turnover. The same instruments as for the
plasma stability and plasma protein binding assay were used. The
amount of compound in the samples was expressed as percentage of
remaining compound compared to time zero (=100%). These
percentages were plotted against the corresponding time points.
In vitro intrinsic clearance (CL;,) and half-life (t;,,) were
determined using the rate of precursor disappearance with the
following formula, based on the well-stirred liver mode:

Ty =2/ -k
Cliyy = (— k)*V*fu
Tyjp = half - life (min)
K = slope from linear regression of log CorA versus time plot (1/min)
Cl,,; = in vitro intrinsic clearance (\1/min/mg protein)

V = 2000, ratio of incubation volume (700 1)
and protein amount (0.35mg) (11/mg protein)

[, = unbound fraction in blood

In vitro CorA turnover in the presence of human
recombinant UGT isoenzymes

UGT phenotyping was performed by Pharmacelsus using
UGT-expressing SupersomesTM (Corning Life Sciences,
Tewkbury, MA, USA) expressing human UGTI1A1, UGT1A4,
UGT1A6, UGT1A9, UGT2B7 and UGT2B10 at a standardized
concentration of 0.25 mg/ml. The UGT suspension in 50 mM Tris
buffer (pH 7.5, supplemented with 10 mM MgCl,) was incubated
with 10 pM CorA or positive controls (15 pM B-estradiol, 20 uM
trifluoperazine, 50 pM OH-trifluoromethylcoumarin, 10 uM
propofol or 3 uM amitryptiline). The experiment was initiated
by the addition of a solution consisting of 20 mM UDPGA and
0.25 mg/ml alamethicin in 50 mM Tris buffer to the UGT
SupersomesTM. Samples were removed after 0 and 60 minutes
and precipitated by ACN containing the internal standards (1 or
10 uM). Samples and calibration standards containing
trifluoperazine were diluted 1:20 (v/v) in a mixture of H,0/
ACN containing the internal standard (1 uM) 1:3 (v/v).
Dilutions of trifluoroperazine and all other supernatants were
further diluted in H,O prior to LC-MS measurement. The
conversion of test item over time as well as the formation of
metabolites was assessed by LC-HRMS. The amount of test item
in the samples after 60 min was expressed as percentage of
remaining compound compared to time point zero (=100%).
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Influence of CorA on human recombinant cytochrome
P450 (CYP450) isoforms

CYP450 inhibition was analyzed by Eurofins (Fontenilles,
France). CorA was pre-incubated with substrates as listed in
Suppl. Table 2 and 0.1 mg/ml human liver microsomes (mixed
gender, pool of 50 donors) in phosphate buffer (pH 7.4) for
5 min in a 37°C shaking water bath. The following CorA
concentrations were used: 0.03, 0.1, 0.3, 1, 3, 10, 30, and 100
uM. The reaction was initiated by adding NADPH-generating
system. The reaction was allowed for 10 min and stopped by
transferring the reaction mixture to ACN/methanol. Samples
were mixed and centrifuged. Supernatants were used for HPLC-
MS/MS of the respective metabolite. The reference inhibitor was
tested in each assay at multiple concentrations to obtain an ICs,
value. Peak areas corresponding to the metabolite were recorded.
The percent of control activity was calculated by comparing the
peak area in the presence of CorA to the control samples
containing the same solvent. Subsequently, the percent
inhibition was calculated by subtracting the percent control
activity from 100. The ICs, value (concentration causing a
half-maximal inhibition of the control value) was determined
by non-linear regression analysis of the concentration-response
curve using the Hill equation.

CYP450 induction by PXR

CYP450 induction by PXR was performed and analyzed by
Eurofins. Indigo Reporter Cells expressing a hybrid form of
human PXR were used: The N-terminal sequence encoding the
nuclear receptor DNA binding domain (DBD) has been
substituted with that of the yeast GAL4-DBD. Ligand
interaction activates the receptor, causing it to bind to the
GAL4 DNA binding sequence, which is functionally linked to
a resident luciferase reporter gene. Thus, changes in luciferase
activity in the treated reporter cells provides a sensitive surrogate
measure of the changes in nuclear receptor activity. The nuclear
receptor reporter cells were seeded in 96-well plates. CorA
(0.003, 0.01, 0.03, 0.1, 0.3, 1, 3, 10 uM), rifampicin and vehicle
control (0.1% DMSO) were incubated with the cells at 37°C for
24 hours. Subsequently Luciferase Detection Reagent was added.
The intensity of light emission from each sample was quantified
using a luminometer.

The percent of control agonist effect was calculated using the
following equation:

% of control rifampicin effect

Compound — Background
100

- Rifampicin agonist — Background

The ECs, value was determined by non-linear regression
analysis of the concentration-response curve using the Hill
equation. Compound is the individual reading in the presence
of CorA. Rifampicin agonist is the highest nuclear receptor
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activity induced by the rifampicin. Background is the mean
reading of the vehicle control (0.1% DMSO).

Off-targets of CorA significant and
weak-moderate alerts

Off-targets of CorA were performed and analyzed by
Eurofins (Fontenilles, France).

COX1: CorA (10 uM), reference compound or water
(control) were pre-incubated for 15 min at room temperature
with the enzyme (about 80 ng) in a buffer containing 80 mM
Tris-HCl (pH 7.4), 4 mM EDTA/Tris and 0.8 mM hematin.
Thereafter, the reaction was initiated by adding 3 puM
arachidonic acid and 25 uM ADHP, then the mixture was
incubated for 3 min at room temperature. The fluorescence of
resofurin (oxydazed and N-deacetylated ADHP) was measured
at Aex=530 nm and Aem=590 nm using a microplate reader
(Envision, Perkin Elmer). An identical plate without enzyme
(NSP) was prepared at the same time to verify compound
interference with the fluorimetric detection method at these
wavelengths. The enzyme activity was determined by subtracting
the signal measured without enzyme (NSP) from that measured
with enzyme. The results were expressed as a percent inhibition
of the control enzyme activity. The standard inhibitory reference
compound was diclofenac, which was tested in each experiment
at several concentrations to obtain an inhibition curve from
which its IC5, value was calculated.

Radioligand binding assay (As;, PPARy, Cl-channel
(GABA gated), 1,)

Aj: Cell membrane homogenates of HEK-293 cells transfected
with human adenosine A; receptor (32 pg protein) were incubated
for 120 min at 22°C with 0.15 nM ['**]JAB-MECA in the absence
or presence of 10 uM CorA in a buffer containing 50 mM Tris-HCl
(pH 7.4), 5 mM MgCl, 1 mM EDTA and 2 Ul/ml ADA.
Nonspecific binding was determined in the presence of 1 uM IB-
MECA (standard reference compound).

PPARY: Purified recombinant nuclear receptor (8 pg
protein) was incubated for 120 min at 4°C with 5 nM [*H]
rosiglitazone in the absence or presence of 10 pM CorA in a
buffer containing 10 mM Tris-HCI (pH 8.2), 50 mM KCl and 1
mM DTT. Nonspecific binding was determined in the presence
of 10 uM rosiglitazone (standard reference compound).

Cl-channel (GABA gated): Membrane homogenates of
cerebral cortex (120 pg protein) were incubated for 120 min at
22°C with 3 nM [**S]TBPS in the absence or presence of 10 uM
CorA in a buffer containing 50 mM Na,HPO,/KH,PO, (pH 7.4)
and 500 mM NaCl. Nonspecific binding was determined in the
presence of 20 uM picrotoxinin (standard reference compound).

I,: Membrane homogenates of cerebral cortex (1 mg protein)
were incubated for 30 min at 22°C with 2 nM [*H]idazoxan in
the absence or presence of 10 uM CorA in a buffer containing 50
mM Tris-HCI (pH 7.4), 0.5 mM EDTA and 3 pM yohimbine.
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Nonspecific binding was determined in the presence of 10 uM
cirazoline (standard reference compound).

Following incubation (Aj;, PPARYy, Cl-channel (GABA
gated), I, assays), the samples were filtered rapidly under
vacuum through glass fiber filters (Filtermat B, Wallac)
presoaked with 0.3% PEI and rinsed several times with an ice-
cold buffer containing 50 mM Tris-HCl and 150 mM NaCl using
a 48- or 96- sample cell harvester (Mach II, Tomtec). The filters
were dried then counted for radioactivity in a scintillation
counter (Betaplate 1204, Wallac) using a solid scintillator
(Meltilex B/HS, Wallac). The results are expressed as a percent
inhibition of the control radioligand specific binding. The
standard reference compound was tested in each experiment
at several concentrations to obtain a competition curve from
which its IC5, was calculated.

Toxicity

hERG, Ames, micronucleus, phototoxicity test
hERG test

hERG test was done by B’SYS (Witterswill, Switzerland)
using a whole-cell patch-clamp technique on hERG potassium
channels stably expressed in HEK 293 cells. Cells were
continuously perfused (1 ml/min) with bath solution (137 mM
sodium chloride, 4 mM potassium chloride, 1.8 mM calcium
chloride, 1 mM magnesium chloride, 10 mM HEPES, 10 mM D-
Glucose, pH 7.4). After formation of a Gigaohm seal between the
patch electrodes and individual hERG stably transfected HEK
293 cells (pipette resistance range: 2.0 MQ to 7.0 MQ; seal
resistance range: > 1 GQ) the cell membrane across the pipette
tip was ruptured to assure electrical access to the cell interior
(whole-cell patch-configuration). As soon as a stable seal was
established, hERG outward tail currents were measured upon
depolarization of the cell membrane to +20 mV for 2s (activation
of channels) from a holding potential of -80 mV and upon
subsequent repolarization to -40 mV for 3s. Once control
recordings were accomplished, cells were continuously
perfused with a bath solution containing CorA (0.3 uM, 1.0
uM, 3.0 uM and 10 uM), DMSO as negative control or 100 nM
E-4031 as positive control. During washing of CorA, the voltage
protocol indicated above was run continuously again at 10s
intervals until the steady-state level of block was reached.

Ames test

Mutagenic properties of CorA were tested with the Ames
MPF assay provided by Pharmacelsus. Salmonella typhimurium
strains TA100, TA1535 and the Escherichia coli strains wp2
[PKM101] and wp2 uvrA were used for the detection of base
substitution mutations, whereas S. typhimurium strains TA98
and TA1537 were used for the detection of frameshift mutations.
Each of the bacterial strains was incubated with DMSO or H,O
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(negative control), a corresponding positive control (2-NF, 4-
NQO, N4-ACT, 9-AA, 2-AA, 2-AF) or 1000, 500, 100, 25, 1 and
0.1 pg/ml CorA (1895, 948, 190, 47, 1.9, 0.19 uM, respectively) in
the presence and absence of S9 mix (mitochondrial fraction). E.
coli cultures with S9 were incubated for 20 minutes, all other
bacteria cultures for 90 min at 37°C on a horizontal shaker. After
incubation, the medium was exchanged to an indicator medium
without tryptophan and histidine and bacterial growth
was determined.

Micronucleus test

Micronucleus tests with and without S9 fraction were
conducted by LPT Laboratory (Pharmacology and Toxicology
GmbH & Co. KG, Hamburg, Germany) as published (48-51).
After initiation of the human peripheral lymphocyte culture,
6.25,12.5,25, 50, 100, 200 pg/ml of CorA (11.9, 23.7, 47, 190, 379
uM, respectively) in DMSO was added to the cell cultures. As
positive controls, 0.1 and 0.2 pg/ml mitomycin C, and 10 and 20
pg/ml cyclophosphamide for the 4h exposure, and 0.01 and 0.02
pg/ml colchicine for the 24h exposure were used. DMSO served
as negative control. Experiments were performed with and
without rat S9 mix. After incubation, mitotic activity was
arrested by the addition of cytochalasin B to each culture at a
final concentration of 5 pg/ml and incubated for 20h, then
processed for microscopy using 10% Giemsa. At least 500 cells
per replicate cell culture were scored and classified as
mononucleated, binucleated or multinucleated to calculate the
proliferation index as a measure of toxicity.

Phototoxicity test

Phototoxicity tests were conducted in BALB/c 3T3 cells by
LPT Laboratory as published (52, 53). BALB/c 3T3, clone 31
cells were obtained from ATCC (American Type Culture
Collection, Manassas, USA), and grown in DMEM containing
4 mM glutamine supplemented with 50 ml neonatal mouse
brain-derived growth inhibitor and penicillin/streptomycin at
37°C and 5% CO,. Cells from the 24™ or 25 passage were used
for the test, CorA was dissolved in DMSO and further diluted to
achieve final concentrations of 0.156, 0.313, 0.625, 1.25,2.5, 5, 10
and 20 pg/ml (0.3, 0.59, 1.18, 2.37, 4.74, 9.48, 18.95, 37.91 uM,
respectively). DMSO was used as the negative control and
chlorpromazine was used as the positive reference. The cells
were irradiated for 9.24 min with 9.01 mW/cm2 UVA (=5 J/
cm2). Duplicate plates (-UVA) were kept at room temperature
in a dark box for 9.24 min. The test solution was decanted and
the cells were washed twice with the buffered solution used for
incubation. The buffer was replaced with culture medium and
the cells were incubated overnight (18 - 22h) at 5% CO,, 37°C
and a relative humidity of 95% + 5%.

The cells were examined under a phase-contrast microscope.
Changes in the morphology of the cells and effects on cell growth
and integrity were recorded. Then the cells were stained with
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neutral red solution (1 ml 0.33% 3-amino-7-dimethylamino-2-
methylphenazine hydrochloride were diluted with DMEM to a
volume of 60 ml) without serum and incubated at 37°C with 95% +
5% humidity and 5% CO, for 3h. The stain was removed and the
cells were washed. Exactly 150 pl neutral red desorb solution
(freshly prepared 49 parts highly purified water + 50 parts
ethanol + 1 part acetic acid) were added and the microtiter plate
was gently shaken for 10 min until the neutral red had been
extracted from the cells and had formed a homogeneous solution.
The optical density of the neutral red extract was measured at 540
nm in a spectrophotometer (Tecan Sunrise Magellan Version 7.2,
(Minnedorf, Switzerland)), using blanks as a reference.
Phototoxicity was determined by the ICs, in the absence (-UVA)
divided by the ICs in the presence (+UVA) of light.

Antiproliferation effect and cytotoxicity test

Antiproliferation effects were determined at the Leibniz-
Institut fir Naturstoff-Forschung und Infektionsbiologie e.V.
in HUVEC- (ATCC CRL-1730), CHO-K1 (ACC-110), THP-1
(ACC-16) and K-562-cells (ACC-10). Cells were incubated with
different concentrations of CorA (0.2, 0.39, 0.78, 1.6, 3.13, 6.25,
12.5, 25, 50 pg/ml (0.38, 0.74, 1.48, 3.03, 5.93, 11.85, 23.7, 47.38,
94.77 uM, espectively)) for 3 days. After fixation with
glutaraldehyde, adherent live HUVEC or CHO-K1 cells were
stained with 0.05% methylene blue (SERVA 29198). Non-
adherent live K-562 or THP-1 cells were stained with
CellTiter-Blue (Promega (Fitchburg, USA)). The absorbance of
all wells of the microtiter plate was measured at 660 nm
(Methylene Blue) or 570 nm (CellTiter-Blue, reference
wavelength: 600 nm) with a microplate reader. Half-maximal
antiproliferation effect (GIso) was determined.

For cytotoxicity tests, HeLa cell cultures (DSMZ, ACC-57)
were incubated for 3 days with concentration series of CorA (0.2,
0.39,0.78, 1.6, 3.13, 6.25, 12.5, 25, 50 pg/ml (0.38, 0.74, 1.48, 3.03,
5.93, 11.85, 23.7, 47.38, 94.77 uM, respectively)). After
glutaraldehyde fixation and methylene blue staining, the
absorbance of all wells at 660 nm was measured with a
microplate reader. The half-maximal cytotoxic potency (CCs)
was determined by analyzing cell cytolysis.

To determine changes in proliferation, the xCELLigence
system (Roche Innovatis (Little Falls, USA)) and the Cedex
HiRes I by Roche were used. Therefore, 50000 and 7500 Hep G2
cells were seeded into a 24-well plate or in 96-well plates,
respectively. Hep G2 cells were used (passage number two to
twelve) and cultured at 37°C and 5% CO, in RPMI 1640
containing 5% fetal calf serum (FCS), 2 pM L-glutamine, 100
U/ml penicillin/streptomycin. After 24h cells were treated with
CorA (200, 20, 2, 0.2, 0.02 pg/ml (379, 37.9, 3.79, 0.38, 0.04 pM,
respectively)) for 5 days. Cells were counted with the Cedex
HiRes I system and changes in proliferation were determined
using the xCELLigence system (54).
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In vivo PK studies

Polyvinylpyrrolidone (PVP, Kollidon® 30 LP) was kindly
provided by BASF SE (Ludwigshafen, Germany). Polyethylene
glycol 400 (PEG 400) was purchased from Carl Roth GmbH +
CoKG (Karlsruhe, Germany). Phosphate buffered saline pH 7.4
(PBS) was purchased from Thermo Fisher Inc. (Dreieich, Germany).

Female Mongolian gerbils were obtained from Janvier (Le
Genest-Saint-Isle, France). All experimental procedures were
conducted in accordance to the European Union animal welfare
guidelines and all protocols were approved by the Landesamt fiir
Natur Umwelt und Verbraucherschutz in North Rhine-Westphalia
under the file #81-02.04.2020.A244. Animals were kept in
individual ventilated cages at a 12h light/dark cycle with water
and food ad libitum. Animal wellbeing was assessed daily.
Mongolian gerbils were treated perorally (PO) (5 ml/kg dosing)
with 30 and 60 mg/kg CorA-Povidone in PBS or intraperitoneally
(IP) (5 ml/kg dosing) with 43 mg/kg CorA in PEG400/PBS (1:1).
Blood was drawn from the tail vein after 5, 10, 15, 30, 60, 180 and
360 min. Blood was collected in EDTA tubes, stored on ice for<1h,
centrifuged at 4°C at 3,220 x g for 10 min and plasma was collected.
Samples were frozen at -20°C until analyzed.

Plasma PK analysis was done using male Sprague Dawley
rats at Cyprotex Discovery Limited (Cheshire, United
Kingdom). Animals were kept in individual ventilated cages at
a 12h light/dark cycle with water and food ad libitum. Rats were
treated intravenously (IV) via the tail vein with 0.48 mg/kg (2
ml/kg dosing), PO with 5 mg/kg (5 ml/kg dosing) or IP with 5
mg/kg (2.5 ml/kg dosing). CorA was dissolved in PBS and
DMSO in a ratio 90% and 10%. Blood was collected into
heparinized tubes with a polyurethane catheter inserted into
the jugular vein after 5, 15, 30, 60, 120, 240 and 480 min.

CorA was detected using HPLC-DAD. Plasma (20 pL) was
mixed 1:3 with ice-cold ACN, vortexed and then centrifuged for
25 min at 4°C and 11,600 x g. The supernatant was transferred into a
HPLC-vial and analyzed using a Waters Alliance 2695 Separator
module and Waters 2998 PDA Detector (Waters, Eschborn,
Germany) with the Waters XBridge Shield RP18; 3.5 pm; 2.1 x
100 mm; 130 A column. Mobile phase was ACN/H,0 5/95 + 5 mM
NH4Ac + 40 ul CH;COOH/L (A) and ACN/H,0 95/5 + 5 mM
NH4Ac + 40pl CH;COOH/L (B) and a flow rate of 0.3 ml/min. A
gradient from 70% A/30% B to 20% A/80% B within 30 min was used.
CorA was quantified via an external reference standard measured at
300 nm. No major matrix effects were seen when mixing ACN
containing CorA with mouse plasma (Suppl. Figure 1).

Results
In vitro potency of CorA

To determine CorA potency in vitro, Wolbachia-infected insect
cell lines were treated with different CorA concentrations and
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Wolbachia 16S rDNA copy number normalized to insect cell actin
copy number was measured to determine ECs, values. CorA and its
derivatives had good in vitro potency against Wolbachia
endobacteria (Table 1). CorA had the best activity with an ECs, of
0.013 uM. Two isoforms that are co-purified with CorA at low levels,
pre-corallopyronin A (pre-CorA), a precursor of CorA, and CorA’
had an ECs of 0.047 uM and 0.066 pM, respectively. Two other
derivatives that are usually only formed in the presence of acid or
oxygen (37), CorCand CorD, had an ECs5, 0£0.059 pM and 0.011 uM,
respectively. Although CorD has an equivalent EC5, as CorA, it is
almost never found during the production process of CorA (55).

In vitro metabolism

Next, the physiochemical properties of CorA as well as in vitro
absorption, distribution, metabolism and excretion were measured.

Physiochemical characterization of
CorA/absorption

Krome et al. determined that CorA has a pKa value of 3.7
and is highly lipophilic with poor solubility at pH values
equivalent to the pH found in the human stomach (solubility:
0.1 pg/ml (0.19 uM) and Log D: 5.42) (37). With increasing pH,
ionization of CorA increased and resulted in enhanced
solubility. Thus, at a pH 6, equivalent to the pH found in the
human small intestine, the solubility increased to 29 pg/ml.
Despite the high degree of ionization, CorA remained highly
lipophilic (Log D, pH 6: 3). At physiological pH (pH 7.4), a
solubility of 723 ug/ml (1300 uM) and a lipophilicity of 1.81 was
measured (37). Biphasic dissolution tests indicated slow and
poor dissolution properties of neat CorA (37). The low amount
of CorA distributed into the organic phase (absorption sink)
predicted poor bioavailability of neat, unformulated CorA.

The stability of CorA in simulated intestinal fluid was measured
for fed-state (FeSSIF, pH 5.0) to assess potential food and pH
impact on the in vivo pharmacokinetic properties. The half-life of
CorA under FeSSIF (>139 min) was equivalent to the half-life of
CorA in physiological buffer (pH 7.4) (Table 2).

CorA had good permeability in a Caco-2 cell line (Table 3).
The permeability of CorA was analyzed and compared to
cimetidine and propranolol. The absorption of CorA was
comparable to propranolol with a Py, A to B of 20 cm/S vs.
29° cm/S, respectively. However, the efflux ratio of CorA was

TABLE 2 Stability of CorA in fed-state simulated intestinal fluid.

CorA' Stability (t;, min®)

FeSSIF® (pH 5.0) >139*

Physiological buffer (pH 7.4) >139

'CorA, corallopyronin A; *t,,, elimination half-life; min, minutes; *FeSSIF, fed-state
simulated intestinal fluid; “mean n=2.
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slightly higher than the one for cimetidine, a control compound
known to exhibit active efflux. Thus, this suggests active efflux
from the intestine for CorA. Based on these data, CorA is a
Biopharmaceutical Classification System class II compound (56).

Metabolic stability and metabolites of CorA —
Distribution, metabolism and excretion

To determine the distribution and metabolic stability of
CorA, plasma protein binding and stability in plasma from six
species (human, mouse, rat, dog, mini-pig, monkey) were
determined. CorA had a high plasma protein binding and high
plasma stability (Table 4). In all species, >98% of CorA was
bound to plasma proteins, equivalent to plasma binding of the
warfarin control. Moreover, CorA was stable in plasma of all
tested six species with a half-life of >240 min.

The intrinsic clearance of CorA in liver microsomes from six
species and the metabolites produced by liver microsomes were
assessed (Table 5). Cofactors to assess phase I and phase II
reactions were used. The intrinsic clearance of CorA was lowest
in human and dog liver microsomes, followed by mouse,
monkey, rat and mini-pig. In the time of the assay, almost no
phase II metabolites were found. CorA was metabolized by phase
I reactions resulting in four different metabolites (M1-M4) in
liver microsomes due to oxidation within the “eastern” carbon
chain of the molecule (Figure 1). CorA M1 metabolites were
detected in all species, but human and dog microsomes
produced the fewest. CorA M2 metabolites were detected in
mouse, rat, monkey and mini-pig microsomes. M3 and M4
metabolites were only detected in mini-pig microsomes.

Metabolism of CorA by uridine diphospho-glucuronosyltransferases
(UGTs) was also measured. UGT enzymes are responsible for the
vast majority of phase II metabolic reactions, leading to the
attachment of hydrophilic glucuronic acid moieties to phase I
drug metabolites, thus, facilitating faster excretion (57). CorA was
poorly metabolized by 3 of the 6 tested UGTs as the turnover rate
was <25% (Table 6), the cutoff for a UGT substrate defined by the
FDA (58). Only the UGTs 1Al, 1A4 and 2B7 were able to
measurably metabolize CorA. CorA concentrations remained
stable within 60 min of incubation with the isoforms 1A6, 1A9
and 2B10, no glucuronide formation was observed.

Drug-drug interactions

To determine the drug-drug-interaction potential, CYP450
assays were performed to identify CorA-mediated inhibition of
seven major human CYP450 enzymes (Table 7). CorA did not
inhibit CYP1A2, 2B6, 2D6 and 3A4 (BFC substrate), but weakly
inhibited CYP2C8, 2C19 and 3A4 (BzRes substrate). However,
CorA strongly inhibited CYP2C9.

Induction of CYP3A4 via PXR was determined and resulted
in a minimal induction of CYP3A4 (Figure 2). CorA did not
activate the reporter gene above 10% until a concentration of ~3
uM. The ECs, of CorA was 12 uM, while rifampicin, used as
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TABLE 3 Permeability of CorA in Caco-2 cells.

CorA'
Mean Papp® A-to-B?® (10-6 cm/S) 20*
Mean Papp B-to-A (10-6 cm/S) 67
Efflux ratio 34

10.3389/fitd.2022.983107

Cimetidine Propranolol
2.0 29
5.8 46
2.9 16

'CorA, corallopyronin A; *Papp, apparent permeability; *apical (A) to basolateral (B); B to A; “mean n=2.

positive control, had an ECs, of 1.5 uM. Taking into account that
CorA is highly plasma protein bound, the unbound CorA is
unlikely to reach sufficiently high concentrations to induce
CYP3A4 in vivo. Therefore, CorA is not considered to induce
CYP3A4 in vivo.

To predict secondary pharmacologies, off-target effects of
CorA were determined with the Eurofins Cerep panel of human
receptors and enzymes. CorA had no effect on the ligand binding
or activity of 93 receptors and enzymes (Suppl. Table 3). Weak
to moderate off-target effects were found for the GABA-gated
Cl-channel and the imidazoline receptor 2 (I). Significant off-
target effects were seen with adenosine receptor 3 (Aj),
peroxisome proliferator-activator receptor-y (PPARY) and
cyclooxygenase 1 (COX1) (Table 8).

In vitro toxicology

hERG safety assay was performed to identify the impact of
CorA on ventricular repolarization. Different CorA
concentrations maintained a mean relative tail current above
94%. Even the highest CorA concentration of 10 uM tested (the
maximum concentration possible before precipitation of CorA
in the test medium), resulted in a mean relative tail current of
94.12 + 1.38%. Thus, CorA did not inhibit hERG potassium
channels (Table 9).

Genotoxicity was assessed by the Ames and micronucleus
tests. Ames test using S. typhimurium strains TA100, TA1535,
TA1537 and TA98 was performed with CorA dosed up to 1000
pg/ml (1895 uM). No mutagenic potential of CorA was observed
(Table 9 and Suppl. Table 4). No phototoxicity occurred up to

non-precipitating concentrations of 20 ug/ml (37.91 uM)
(Table 9). Thus, in vitro, CorA showed no cardiotoxicity,
genotoxicity and phototoxicity.

The micronucleus test was performed with and without S9
mix for 4 and 24h. Micronucleus formation due to CorA was
negative (Table 9; Suppl. Table 5). The high CorA concentration
(100 pg/ml (190 uM)) used for stimulation without S9 resulted
in cytotoxicity after 24h (Suppl. Table 5).

Antiproliferation effects were determined and the half-
maximal antiproliferation effect (Glso) was above 50 pg/ml
(94.77 uM) for HUVEC, K-562 and CHO-K1 cells, while for
THP-1 a Glso of 39.1 pg/ml (74.1 pM) was observed. Half-
maximal cytotoxicity effect on HeLa cells was above 50 pg/ml
(94.77 uM) (Table 9).

The cytotoxicity xCell and Cedex tests showed no CorA
toxicity within the therapeutic range of 1 ug/ml (1.9 uM). Up to
20 pg/ml (37.91 uM) CorA had no significant toxicity, while
concentrations of 200 pg/ml (379 puM) had toxic effects on
cells (Table 10).

In vivo pharmacokinetics

To assess CorA absorption and distribution in vivo,
Mongolian gerbils and rats were treated with CorA solutions
(PBS/10% DMSO) IV, IP or PO and plasma concentrations were
determined over time. PK profiles for rats were determined from
rats treated IV with 0.48 mg/kg CorA, or 5 mg/kg CorA IP and
PO (Figure 3). Tyax was reached after 5 min, indicating fast
absorption in rats. C,,,,, for IV application was 0.23 ug/ml (0.46
uM), while PO and IP application reached comparable C,,y of

TABLE 4 CorA plasma protein binding and stability in plasma from six species.

% Plasma protein binding

CorA'
Human 99.74 + 0.02
Mouse 99.89 + 0.05
Rat 99.50 + 0.10
Dog 98.28 + 0.40
Mini-pig 98.06 + 0.21
Monkey 100.0 + 0.00*

Plasma stability [t;/5 min]”

Warfarin

97.00 + 0.20 >240°
84.56 + 0.34 >240
97.94 + 0.24 >240
96.01 + 0.39 >240
98.26 + 0.06 >240
99.15 + 0.08 >240

ICorA, corallopyronin A; ztl/z, elimination half-life; min, minutes; >mean n=2; *100% binding is highly unlikely, but and the result indicates a very high level of protein binding.
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TABLE 5 In vitro metabolic stability of CorA in liver microsomes of six species.

10.3389/fitd.2022.983107

Microsomes Metabolite peak area at 45min [%]

ty/, [min]’ CLin¢ [ul/min/mg protein]® CorA® Mm1* M2 M3 M4
Human >45° 352 8371 16.29 0 0 0
Mouse 32.85 84.4 58.28 4131 041 0 0
Rat 12.56 2207 11.26 83.71 5.04 0 0
Dog >45 42.0 93.80 6.20 0 0 0
Mini-pig 1.73 1602.7 0 39.43 5334 2.79 444
Monkey 18.99 146.0 4058 56.56 2.86 0 0

1t1/2v elimination half-life; min, minutes; 2CLim, intrinsic clearance; *CorA, corallopyronin A; 4M1-M4, metabolites 1-4; *mean n=2.

1.87 and 1.44 pg/ml (3.54 and 2.723 uM), respectively. However,
AUC, i after IP administration was almost twice as high as for
PO administration (6.94 pg*h/ml (IP) and 3.70 ug*h/ml (PO)).
After IV administration, a clearance of 1.688 1/h/kg was found. A
volume of distribution of ~8.248 1/kg was measured, accounting
for good distribution. The steady state volume of distribution
after IP and PO administration was similar (Table 11). Finally,
bioavailability for PO and IP application was >100%.

Since oral administration in rats resulted in poor absorption
of neat CorA (given as suspension in 10% DMSO, PBS), it was
formulated in a povidone-based amorphous solid dispersion
(ASD) (37) and administered orally suspended in PBS to
Mongolian gerbils. IP administration of CorA resulted in a
rapid increase of plasma CorA concentration and Tp,.x was
reached after 15 min with a Cp,,, of 405.76 pg/ml (769.07 uM).
In contrast, PO administration of 30 and 60 mg/kg (56.86
and 113.72 pM, respectively) CorA reached a C,,y of 23.27
and 66.82 pg/ml (44.1 and 126.65 uM), respectively. The higher
dose reached T,y after 30 min, while 30 mg/kg reached Tax
after 15 min. AUCq ;,¢ was highest for IP administration

-2H +20

FIGURE 1

(770.0 pg*h/ml), while PO administration reached an AUC ¢
of 74.79 and 271 pg*h/ml for 30 and 60 mg/kg, respectively
(Table 11 and Figure 4).

Discussion

In the present study, the in vitro potency of CorA was
confirmed. All CorA derivatives had good potency against
Wolbachia in insect cells with CorA having the best-suited
activity (ECso = 0.013 uM). The derivatives CorC and CorD,
which are only produced at low amounts under acidic or oxidative
conditions during the purification, also had low ECs,. Thus, CorA
is the best corallopyronin derivate for the treatment of human
filarial diseases by targeting Wolbachia endobacteria of filariae. To
further assess the safety of CorA and to proceed into human
clinical trials, non-GLP pharmacological and in vitro toxicological
assays of CorA were conducted.

Drug absorption in the small intestine is dependent on
several different factors of drug properties such as solubility,

Scheme of CorA in vitro metabolism in liver microsomes. The accurate mass was used to propose the given structures.
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TABLE 6 In vitro CorA turnover in the presence of human recombinant UGT isoenzymes.

UGT! Mean (%) remaining
1A1 94.0 + 1.3%
1A4 975 +2.7
1A6 97.7 +7.3
1A9 972402
2B7 91.4 +2.0
2B10 1015 + 6.0

Turnover (%) Metabolites
6° CorA*-glucuronide
2.5 CorA-glucuronide
8.6 CorA-glucuronide

'UGT, uridine diphospho-glucuronosyltransferases; ?mean with standard deviation n=2; *mean n=2; “CorA, corallopyronin A.

pH and food intake. The in vitro permeation of CorA was
determined in a FeSSIF (pH 5.0) assay and in Caco-2 cells. CorA
demonstrated a high permeability, which was comparable to the
permeability of propranolol, a reference compound for passive
transcellular transport with a high human absorption of 90%
(59). Thus, CorA uptake from the apical to the basolateral site
appears to be greatly facilitated. However, the efflux ratio of
CorA was higher than for propranolol and slightly higher
compared to cimetidine, which is known for its active efflux
by an ATP-binding cassette transporter breast cancer resistance
protein (BCRP) (60). Thus, CorA might be subject to active
efflux into the lumen in a range similar to cyclosporine A,
resulting in reduced absorption and oral bioavailability (61).
Based on the previous and the current performed
pharmacokinetic in vivo studies, CorA demonstrated high
bioavailability (39, 44). Peroral and IP administration resulted
in 2100% bioavailability in rats, which could be a result of the
different concentration used for the IV administration (0.48 mg/
kg) in comparison to PO and IP administration (5 mg/kg).
Successful application of enhanced formulation strategies
overcame the detected poor dissolution and solubility
properties of CorA when given orally (37). However, it has to
be noted that the in vivo efficacy requires higher concentrations
than in vitro in gerbils. Unpublished data show that 60 mg/kg
CorA given bi-daily for 14 days are required to reduce

Wolbachia from L. sigmodontis-infected gerbils by 2-3 logs.
Thus, while in vitro an ICsy of 0.01pM is required, much
higher doses for Wolbachia depletion are needed in vivo. This
may be due to the low absorption of CorA in gerbils.

In summary, CorA has good permeability, and, although
subject to active efflux in vitro, it has excellent bioavailability.

Next, CorA distribution and metabolism was determined. In
all species, >98% of CorA was bound to plasma proteins,
equivalent to plasma binding of the warfarin control and
published values for ibuprofen (62). In parallel, CorA had a
high stability and resulted in a long half-life. High plasma
protein binding capacity might raise the concern of reduced
efficacy in vivo. However, CorA has been shown to have good in
vivo efficacy (44). We hypothesize that the plasma protein
binding may protect CorA from rapid clearance, allowing it to
reach the sites of infection, e.g., pleural cavity, of L. sigmodontis
worms. In vivo PK data in rats and Mongolian gerbils show a fast
absorption and distribution of CorA. Low volume of distribution
values in rats suggest a high distribution in plasma and may
reflect the high plasma binding capacity of CorA. A solubility
enhanced oral formulation based on a povidone ASD as
formulation principle (37) increased the plasma levels in
Mongolian gerbils (63). Further biodistribution studies will
show to which compartments CorA is distributed and how
this might enable further indications.

TABLE 7 Influence of CorA to human recombinant cytochrome P450 (CYP450) isoforms.

CYP450 Inhibition ICZ, uM

CYP}s, Substrate Standard CorA®
1A2 CEC* Furafylline 35 >100"
2B6 EFC® Ketoconazole 7.1 >100
2C8 DBF® Quercetin 0.94 421
2C9 MEC’ Sulfaphenazole 0.22 0.33
2C19 CEC Tranylcypromine 10 54
2D6 MEC Quinidine 0.017 >100
3A4 BEC® Ketoconazole 0.05 >100
3A4 BzRes’ Ketoconazole 0.024 16

1CYP450, cytochrom P450; %ICsy, half maximal inhibitory concentration; 3CorA, corallopyronin A; 4CEC, 3-cyano-7-ethoxycoumarin; *EFC: 7-ethoxytrif luoromethyl coumarin; SDBF:

dibenzylfluorescein; "MFC: 7-methoxy-4-(trifluoromethyl) coumarin; *BFC: 7-benzyloxy-4-(trifluoromethyl) coumarin; *BzRes: benzylresorufin;

195100, not calculable. Concentration-

response curve shows less than 25% effect at the highest validated testing concentration (CorA limit of solubility was 100 uM); ''mean n=2.
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FIGURE 2

CYP3A4 is minimally induced by CorA. DPX2 cells transformed with human CYP3A4 were incubated with different concentrations of CorA. Activation of
CYP3A4 was measured using the human pregnane X receptor (PXR)-linked luciferase reporter assay. Mean (N=3) + 95% Cl are shown.

The liver is the most important site of drug metabolism and
most drugs are cleared by hepatic metabolism. CorA was
analyzed for its half-life and intrinsic clearance in microsomes
of different species. The metabolites resulting from the
microsomes were also analyzed. Metabolic stability analyses
using liver microsomes revealed that CorA is primarily
converted to phase I metabolites, leading to the generation of
four CorA metabolites (M1-M4) because of oxidation. M1 was
detected in liver microsomal incubations across all tested species.
In incubates with mouse, rat, mini-pig, and monkey liver
microsomes, a two-fold hydroxylated metabolite (M2) was also
observed. Further metabolites resulting from oxidative reactions
were only observed with mini-pig liver microsomes, yielding M3

TABLE 8 CorA off-targets with significant and weak-moderate alerts.

Receptor/Enzyme  Inhibition/Stimulation [%] ECs, [pM]1
A2 55.5° 11°
PPARY 83.7 22
coxi* 53.8 8.2
Cl- channel GABA-gated 27.8 20
Iy 30.8 NC’

lECSO, half maximal effective concentration; 2A3, adenosine receptor; 3PPAR'\{,
peroxisome proliferator-activator receptor; *COXI, cyclooxygenase 1; °I,, imidazoline
receptor; °mean n=2; 'NC, not classified.
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(threefold hydroxylation) and M4 (twofold oxidation combined
with loss of two hydrogen atoms, most probably due subsequent
insertion of two hydroxyl moieties and further oxidation of one
of the hydroxyl groups to the corresponding aldehyde). CorA
turnover by recombinant human UGT isoenzymes is low and
only traces (far below the FDA defined cutoff of 25%) of CorA-
glucuronide were observed as metabolite after incubation with 3
out of 6 isoforms. Human and dog microsomes had a moderate
to low clearance of CorA, while liver microsomes from mice had
a moderate to high intrinsic clearance of CorA. All other tested
species exhibited a high intrinsic clearance of CorA. Thus, with
the exception of human, dog and mouse microsomes, CorA is
rapidly metabolized in vitro by microsomes. In accordance, the
higher the intrinsic clearance in the microsomes, the more M1-
M4 metabolites were observed after 45 min. Especially mini-pig
microsomes had an extremely fast metabolism with no original
drug, only M1 and M2 metabolites, detectable after 45 min. In
contrast, human microsomes had moderate to low clearance and
resulted in a high percentage of the original CorA and only low
levels of M1 after 45 min. Experiments analyzing later time
points, including tissue specific assays, will be conducted in
GLP-studies to determine CorA metabolization over time. The
intrinsic clearance rate and metabolite profile in dog microsomes
was similar to human microsome metabolism of CorA. Thus,
dogs appear to be a suitable model as a non-rodent species for
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TABLE 9 Toxicology profile results for CorA.

hERG' (cardiotoxicity)

% inhibition at 10 uM 5.88 + 1.38°
IC2) (uM) nd'°(> 10%)
Ames Test (genotoxicity)

E. coli® mix negative

S. typhimurium®* TA100 negative

S. typhimurium TA1535 negative

S. typhimurium TA1537 negative

S. typhimurium TA98 negative
Micronucleus (genotoxicity)

Human lymphocytes +/- $9 mix negative
Phototoxicity

ICs (pg/ml)

-uve >20°
+UvV >20
Antiproliferation Effect/Cytotoxicity

HUVEC Gl (ug/ml) >50
K-562 Gls, (pg/ml) >50
THP-1 Gls, (ug/ml) 39.1+ 1.8
CHO-K1 Gls, (pg/ml) >50
HeLa CCS, (ug/ml) >50

'hERG, human ether-a-go-go-related gene receptor; *ICs, half maximal inhibitory
concentration; °E. coli, Escherichia coli; *S., Salmonella strain; °S9, supernatant of
homogenized liver; “UV, ultraviolet light; ’Gls, half-maximal antiproliferation effect;
8CCs, half-maximal cytotoxic potency; “mean and SEM n=3; '°nd, not determined;
*maximum CorA concentration soluble in assay buffer; “CorA precipitation was noted at
31.25 pg/ml -UV and +UV.

further metabolic studies of CorA. In contrast, rat microsomes
metabolized CorA at a higher rate than mouse microsomes,
suggesting that mice might be a better-suited rodent model for
studying CorA metabolism, which needs to be confirmed in
upcoming PK-studies. Even though liver microsomal assays

TABLE 10 CorA is non-toxic in therapeutic range.

10.3389/fitd.2022.983107

suggested fast metabolism, PK data show a moderate clearance
of CorA in rats. Especially for IP application, clearance is lower
than for oral administration in rats. Moreover, higher and
prolonged plasma levels contribute to the higher efficacy after
IP administration.

CorA was primarily metabolized through phase I reactions,
which are mainly carried out by CYP450 enzymes. These
enzymes play the most important role in metabolizing drugs
(64). A strong inhibition of CYP2C9 was observed for CorA.
CYP2C9 is a phase I drug-metabolizing enzyme and its
substrates include sulfonamides, COX2 selective inhibitors,
vitamin-K-antagonists, nonsteroidal anti-inflammatory drugs
(NSAID) such as ibuprofen, angiotensin-AT, selective receptor
antagonists, and some antidepressants, such as fluoxetine and
amitriptyline. Thus, these drug classes might be prone to
potential drug-drug interactions (65). However, it has to be
noted that in several cases other drugs could be used to prevent
these drug-drug-interactions: For example, vitamin-K-
antagonists could be exchanged for novel factor-Xa-inhibitors,
which are not metabolized via CYP2C9. In addition, certain off-
targets were identified suggesting possible side effects when
taken together with drugs for the treatment of rheumatoid
arthritis, diabetes, obesity, atherosclerosis and cancer as well as
NSAID. Weak CYP450 induction was observed for CYP3A4.
CYP3A4 is the most abundant and active CYP450 isoform that
metabolizes most drugs. CYP3A4 can be induced by
barbiturates, glucocorticoids and rifampicin (66). For
rifampicin, pharmacokinetic drug-drug interactions via
CYP3A4 induction have been described for benzodiazepines
such as midazolam and triazolam as well as calcium channel
antagonists such as verapamil and the HMG-CorA reductase
inhibitor simvastatin. Most importantly, rifampicin reduces
plasma concentrations of the HIV protease inhibitors
indinavir, nelfinavir and saquinavir (67). CorA only weakly
induced CYP3A4 with an ECsy of 12 uM, while enzyme
induction by rifampicin already occurs at a much lower ECs,
of 1.5 uM. When administering the minimal efficacious dose of
CorA of 60 mg/kg in Mongolian gerbils, a C,,.x of 66.82 pug/ml is

Sample (+ Strep)3 (-Strep)
Viable cells in relation to control (%)
xCell Cedex xCell Cedex

DMSO! 100 100 100 100
CorA? 200 pg/ml 242 9.3 11.2 17.4
CorA 20 pg/ml 89 81.6 90.8 73.8
CorA 2 pg/ml 103 96.1 102 100
CorA 0.2 pg/ml 98.2 93 107 104
CorA 0.02 pg/ml 100 91.6 108 101

'DMSO, dimethyl sulfoxide; 2CorA, corallopyronin A; 3Strep, streptomycin.
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FIGURE 3

Plasma concentrations of CorA after intravenous (IV), intraperitoneal (IP) and oral (PO) administration in rats. 0.48 mg/kg CorA were
administered in PBS/10% DMSO for IV or 5 mg/kg CorA in PBS/10% DMSO for PO and IP application. Plasma was prepared from blood drawn
after 5, 15, 30, 60 min, 2h, 4h and 8h and CorA concentrations were quantified by LC-MS. Symbols indicate median + IQR.

reached which equals 126.7 pM. However, for CYP3A4
inhibition only unbound concentrations should be considered.
Bearing in mind that CorA is highly plasma protein bound, the
relevant concentrations to induce CYP3A4 will not be reached.
Thus, based on the in vitro data, it appears that CorA has a
significant advantage compared to rifampicin as it is unlikely to
induce CYP3A4 in vivo. Additional GLP toxicology studies
designed with these data will further evaluate the CYP
inhibitory and inducing potential of CorA.

Potential drug-drug interactions with other anti-filarial drugs
have to be considered. Currently, ivermectin, albendazole and DEC
are used for MDA. Since ivermectin is metabolized by CYP3A4,
CYP3A5 and CYP2C9 and CorA has an inhibitory effect on
CYP2C9 and can activate CYP3A4, ivermectin metabolism may
be affected by CorA treatment (68, 69). However, the two drugs
would not be combined to treat onchocerciasis. Albendazole is
primarily metabolized by CYP1A1l, CYP1A2, CYPIBI and
CYP2C19 and thus, drug-drug interactions should be negligible

TABLE 11 Pharmacokinetics of CorA after intraperitoneal (IP), intravenous (IV) and peroral (PO) administration in Mongolian gerbils and rats.

CorA' Tinax Cinax AUCq., AUCq.in¢ T12 CI/F Vss/F Faps.
(min)® (pg/ml)6 (ng*h/ ml)’ (pg*‘h/ml)8 (min) (l/h/kg)9 (l/kg)lo (%)

Rat"®

IV? 0.48 mg/kg 540" 0.23£ 0.08 0.166 + 0.09 0.285 £ 0.13 348+ 1.73 1.688 0.994 8.248+ 2.771 -

PO’ 5 mg/kg 5+0 1.874+ 0.84 349 +0.71 3.70 + 0.64 241+ 1.00 1.358+ 0.199 4.070+ 1.254 >100

IP* 5 mg/kg 5£0 1.440+ 0.21 5.133 £0.75 6.94 £ 0.72 4.53£ 0.36 0.734+ 0.075 4.230+ 0.943 >100
Mongolian gerbil'®

IP 43 mg/kg 15 +£5° 405.76+ 94.17 712.9+ 78.10 770.0+ 181.9 1.60+ 0.11 nd"* nd nd

PO 30 mg/kg 15+ 3.75 2337+ 12.18 54.06+ 16.25 74.79+ 128.37 3.10+ 0.57 nd nd nd

PO 60 mg/kg 30£0 66.82:+ 51.80 172.5+ 164.8 271.0+ 179.5 3.61% 2.00 nd nd nd

'CorA, corallopyronin A; *IV, intravenous injection; *PO, peroral administration; *IP, intraperitoneal administration; *Tpy time to reach maximum plasma concentration; °Cpyy
maximum plasma concentration; 7AUC,., area under the curve plasma concentration time curve; 8AUC,.inp area under the curve from time 0 extrapolated to infinite time; °CI/F, oral
clearance; Vss/F, apparent steady-state volume of distribution; “Fabs_, absolute bioavailability; median with interquartile range n=3; Bmedian with interquartile range n=4; nd, not
determined; '°3 animals were used, IV, PO and IP CorA was administered in 10% DMSO in PBS; '°4 animals were used, IP CorA was administered in 1:1 PEG400/PBS, PO CorA was
administered as CorA-PVP-ASD (20% Drug Load, 80% Polymer) administered with PBS as suspension.
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FIGURE 4

Plasma concentrations of CorA after intraperitoneal (IP) and oral (PO) administration in Mongolian gerbils. 43 mg/kg CorA were administered in
PEG400/PBS for IP or 30 and 60 mg/kg CorA were administered in Povidone-PBS for PO application. Plasma was prepared from blood drawn
after 5, 10, 15, 30, 60min, 3h and 6h and CorA concentrations were quantified by LC-MS. Symbols indicate median + IQR.

(68, 70). Albendazole is also and partly metabolized by CYP3A4.
Thus, drug-drug interaction with CorA may occur. DEC is
metabolized via CYP2B6 and CYP1A2, and no drug-drug
interaction with CorA would be expected (68).

CorA was profiled for early toxicology by determining effects
on hERG, Ames, micronucleus, phototoxicity and cytotoxicity
tests. CorA had three flagged off-target effects towards the
adenosine receptor Az, PPARy and COXI1 with ECsy values of
11, 2.2 and 8.2 uM, respectively. A; is involved in intracellular
signaling pathways in the CNS and its binding by CorA could
have an effect on drugs for the treatment of rheumatoid arthritis
(71). Thus, we will investigate in further studies if CorA is able to
reach the brain, which would render this interaction also
physiologically relevant. PPARY plays a role in lipogenesis in
different cells and is a major activator of adipocyte differentiation,
regulating fatty acid storage and glucose metabolism, and its
binding can impair drugs for treatment of diabetes, e.g.,
thiazolidinedione, obesity, atherosclerosis and cancer (72).
COX1 is involved in prostaglandin biosynthesis and is inhibited
by the NSAIDs acetyl salicylic acid and ibuprofen (73). The GLP
toxicology and pharmaceutical safety studies will include bespoke
studies to analyze the effect of CorA on these receptors and
enzyme to ensure safety of the final product.

No CorA cardiotoxicity and genotoxicity were observed.
Cytotoxicity was only observed at concentrations higher than
CorA solubility and much higher than the therapeutic range of
CorA. Phototoxicity is an important factor to be determined for
drugs used for the treatment of filarial diseases since they primarily
occur in tropical and sub-tropical countries. It has been shown that
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tetracyclines, such as doxycycline, are phototoxic, which can lead to
exaggerated sunburn reactions (74). However, CorA did not induce
phototoxicity up to the limit of solubility; thus, its application
should be safe in areas with high UV radiation.

In summary, CorA, is a potent anti-wolbachial drug with no
major toxicity. Despite poor water solubility, CorA is absorbed
in the intestine and proved to have good bioavailability as a
solubility enhanced formulation (37); a formulation that also
enhances shelf-life stability. Despite high plasma protein
binding, CorA bioavailability has not been affected in previous
in vivo efficacy studies (39, 44). CorA is primarily subject to
phase I metabolism. It strongly inhibited CYP2C9 and weakly
induced CYP3A4, which is unlikely to be relevant in vivo. Thus,
potential drug-drug interactions could occur with antidiabetic
medications, COX2 inhibitors, angiotensin AT, receptor
antagonists, vitamin K-antagonists, and certain antidepressants.

Human filariae currently infect millions of people in low-
and middle-income countries. However, MDA faces several
problems that prevent elimination of onchocerciasis in
endemic areas and macrofilaricidal compounds would help to
effectively achieve elimination. Peroral CorA was shown to
deplete Wolbachia and to be macrofilaricidal in the L.
sigmodontis rodent model (44). The current study shows that
CorA possesses a favorable early ADMET profile.

New macrofilaricidal drugs for the treatment of filariasis
need to fulfill a target product profile (TPP), e.g., that of the
DNDi, which includes an oral formulation with treatment
duration of up to 14 days leading to elimination of skin MF
and adult worms superior to current drugs (75). Moreover, the
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drug should be safe to treat all individuals at risk, show no major
adverse events including Mazzotti reaction and ocular reactions,
and it should be safe in patients co-infected with L. loa due (75).
Even though CorA has not been tested in humans and thus,
there is no information on human-efficacy and safety,
preliminary conclusions based on the early ADMET profile
and the pharmacodynamics results in L. sigmodontis-infected
gerbils can be drawn. CorA can be administered in an oral form
and the treatment duration is expected to be 14 days. Thus,
CorA would fit the TTPs from the DNDi. The risks, side effects
and effectiveness against onchocerciasis MF and adult worms in
humans has still to be determined in clinical studies. However,
based on the in vivo experiments in mice, gerbils and rats, no
major toxicity has been observed and Wolbachia are depleted
from L. sigmodontis-infected animals after a 14-day regimen.
Moreover, based on the nature of CorA as an anti-wolbachial, no
side effects and adverse events in L. loa-infected individuals and
no Mazzoti reaction nor adverse ocular reactions are expected
(76, 77). In comparison to direct-acting drugs, anti-wolbachials
such as CorA minimize excessive inflammation and thus,
pathology (78-80). Moreover, published results show that
CorA has no direct effect on the MF but rather induces a slow
decline in peripheral MF due to the inhibition of the
embryogenesis (44). Therefore, CorA should be safe in L. loa
co-infected patients as well. Taken together, CorA is a promising
candidate to support onchocerciasis elimination.
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