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ABSTRACT

The naturally occurring polyether ionophore salinomycin was previously found to display
promising anti-proliferative activity against bloodstream forms of Trypanosoma brucei. Here,
we report the evaluation of 20-deoxysalinomycin, a naturally occurring homolog to
salinomycin, for trypanocidal and cell swelling activity. The concentration of 20-
deoxysalinomycin required to reduce the growth rate of bloodstream-form trypanosomes by
50% was determined to be 0.12 pM and found to be 8 times more trypanocidal than
salinomycin. Moreover, 20-deoxysalinomycin and salinomycin displayed similar cytotoxic
activity against human HL-60 cells. Measured as the ratio of cytotoxic to trypanocidal activity,
20-deoxysalinomycin thus exhibit a four-fold higher selectivity compared to salinomycin. The
stronger trypanocidal activity of 20-deoxysalinomycin is attributed to an enhanced ability to
induce cell swelling in trypanosomes. The findings support 20-deoxysalinomycin as a useful

lead in the rational development of new and improved anti-trypanosomal drugs.
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1. Introduction

African trypanosomiasis is a parasitic disease affecting both humans and livestock. The
disease is known as sleeping sickness in humans and nagana disease in animals and is caused
by protozoans belonging to the Salivarian group of the genus Trypanosoma (Steverding, 2008).
Restricted to sub-Saharan Africa, the geographical distribution of the disease correlates with
the spread of tsetse flies, which are the vectors for the parasites (Steverding, 2008). Both male
and female tsetse flies transmit trypanosomes to their mammalian host during blood feeding.
The disease causes severe illness in humans and livestock and is, without treatment, fatal in
most cases. Unfortunately, Only a few therapies are currently available for the treatment of
African trypanosomiasis. Most of these have limited efficacy and cause serious side effects
(Giordani et al., 2016; Steverding, 2017). Furthermore, drug resistance in African
trypanosomiasis is a growing problem, particularly in nagana disease (Delespaux and de
Koning, 2007; Giordani et al., 2016; Okello et al., 2022). Although the number of reported
cases of sleeping sickness has fallen significantly in recent years due to sustained control efforts
in affected regions (WHO, 2019), nagana disease remains a major problem in sub-Saharan
Africa with annual economic costs of US$4.5 billion (Mattioli, 2016). One of the main
problems in animal trypanosomiasis is that the currently available treatments are becoming
increasingly ineffective (Giordani et al., 2016). New drugs for the treatment of this disease are
therefore much sought.

Polyether ionophore antibiotics have shown promising anti-proliferative activity against
several protozoan parasites including African trypanosomes (Antoszczak et al., 2019a). In
particular, the carboxylic polyether ionophore salinomycin and its derivatives have been
extensively investigated for their anti-trypanosomal activities (Steverding and Sexton, 2013;
Steverding et al., 2016; Antoszczak et al., 2019b; Czerwonka et al., 2021). In the course of
these studies, we have found that inverting the relative configuration of the C20 hydroxyl
group, situated on the salinomycin C-ring, reduces the trypanocidal activity (Czerwonka et al.,
2021). On the other hand, oxidation of the C20 into a keto function leads to an increase in
trypanocidal activity compared to the parent compound (Antoszczak et al., 2019b). In light of
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these observations, it would be interesting to evaluate the trypanocidal activity of 20-
deoxysalinomycin (SY-1), a compound related to salinomycin that lacks its C20 hydroxyl
group (Fig. 1). 20-Deoxysalinomycin is an intermediate in the biosynthesis of salinomycin and
occurs as a minor product during the fermentation of Streptomyces albus ATCC 21838
(Westley et al., 1977; Miyazaki et al., 1978; Yurkovich et al., 2012). Until recently, 20-
deoxysalinomycin has not been readily available, but in 2014 a practical semi-synthesis
through a regioselective allylic radical-deoxygenation of salinomycin was reported (Huang et
al., 2014).

Here, we report on the trypanocidal and cytotoxic activity of 20-deoxysalinomyicn using
bloodstream forms of Trypanosoma brucei and human myeloid HL-60 cells, respectively. The
effectiveness of the 20-deoxysalinomyicn to induce cell swelling in trypanosomes is also

described and mechanistic implications are discussed.

2. Materials and methods

2.1. Compounds

20-Deoxysalinomycin sodium salt was prepared as previously described (Huang et al.,
2014). Salinomycin sodium salt was isolated from commercially available veterinary premix
SACOX® as previously described (Antoszczak et al., 2019b). Suramin sodium salt was

purchased from Fluka, Germany.

2.2. Cell culture

Bloodstream forms of T. brucei (clone 427-221a; Hirumi et al., 1980) and human myeloid
leukaemia HL-60 cells (Collins et al., 1977) were grown in Baltz medium (Baltz et al., 1985)
supplemented with 16.7% heat-inactivated bovine serum. The cultures were maintained in an

incubator in a humidified atmosphere containing 5% CO: at 37 °C.
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2.3. In vitro cell toxicity assay

The anti-proliferate activity of 20-deoxysalinomycin, salinomycin, and suramin was
evaluated as previously described (Merschjohann et al., 2001) with some modifications. In
brief, cells (trypanosomes and HL-60 cells) were seeded in 96-well plates to a final volume of
200 pl Baltz medium containing various concentrations of test compounds (tenfold dilution
from 100 uM to 100 pM) and 0.9% DMSO. Wells containing medium and 0.9% DMSO served
as controls. The initial cell densities were 1 x 10%/ml for trypanosomes and 5 x 10%/ml for HL-
60 cells. After incubation for 24 h, 20 pl of a 0.5 mM resazurin solution prepared in sterile PBS
was added and the cells were incubated for a further 48 h. Thereafter, the absorbance of wells
was read on a BioTek ELx808 microplate reader using a test wavelength of 570 nm and a
reference wavelength of 630 nm. The 50% growth inhibition (Glso) value, i.e., the
concentration of a compound necessary to reduce the growth rate of cells by 50% compared to
the control, was determined using a 4-parameter logistic online curve calculator (AAT

Bioquest, 2022).

2.4. Cell swelling assay

Change in cell volume in flagellated protozoans can be measured by the light scattering
technique monitoring the absorbance of cell suspensions between 450 and 550 nm (Park et al.,
1977) whereby a decrease in absorbance corresponds to an increase in cell volume. Based on
the filter availability of the BioTek ELx808 microplate reader, changes in cell volume of
trypanosomes were determined at 490 nm as previously described (Steverding and Sexton,
2013). In brief, bloodstream-form trypanosomes were incubated at a density of 5 x 107 cells/ml
in 96-well plates in a final volume of 200 pl Baltz medium containing 100 uM ionophore and
0.9% DMSO (test) or 0.9% DMSO alone (control). The absorbance of the cultures was
measured every 10 min for 1 h. At the end of the experiment, cells were microscopically

checked for motility as an indicator of liveliness.
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3. Results and discussion

20-Deoxysalinomycin showed a dose-dependent inhibitory effect on the growth of bloodstream
forms of T. brucei with a Glso value of 0.12 uM (Fig. 2a), and was found to be 8.3 times more
trypanocidal than the parent compound salinomycin (Glso = 1.00 uM (Fig. 2a)). On the other
hand, 20-deoxysalinomycin and salinomycin displayed similar cytotoxic activity toward
human HL-60 cells with Glso values of 3.1 uM and 6.2 pM, respectively (Fig. 2b). Thus, while
salinomycin showed only moderate selectivity with a Glso ratio of 6 (defined as the cytotoxic
to trypanocidal activity ratio), 20-deoxysalinomycin had a four-times higher Glso ratio of 26.
Furthermore, 20-deoxysalinomycin was only slightly less trypanocidal than suramin (Glso =
0.044 pM), one of the drugs currently used for the treatment of sleeping sickness (Fig. 2a).
However, suramin is nontoxic to human cells (Glso >100 puM). Thus, while the data highlights
20-deoxysalinomycin as having a superior selectivity compared to salinomycin, structural
analogues of this compound with stronger trypanocidal activity and further reduced
cytotoxicity remain an important pursuit.

The trypanocidal activity of polyether ionophore antibiotics is due to their ability to
mediate a sodium ion influx in trypanosomes, which in turn, leads to cell swelling (Steverding
and Sexton, 2013; Steverding et al., 2016; Steverding and Huczynski, 2017; Antoszczak et al.,
2019b; Czerwonka et al., 2021). In general, salinomycin derivatives with enhanced
trypanocidal activity also display increased ionophoretic activity when compared to the
unmodified parent compound (Steverding et al., 2016; Antoszczak et al., 2019b; Czerwonka et
al., 2021). Exceptions have however been reported (Antoszczak et al., 2019b). For example,
salinomycin derivates modified at the C1-position combine enhanced antitrypanosomal
properties with reduced ionophoretic activity (Steverding et al., 2016; Antoszczak et al.,
2019b).

To gain insight into the factors underlying the activity differences between 20-
deoxysalinomycin and salinomycin, we sought to evaluate whether the enhanced trypanocidal
activity of 20-deoxysalinomycin was related to increased iontophoresis. Bloodstream forms of
T. brucei were therefore incubated with 20-deoxysalinomycin at 100 uM concentration. The
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resulting swelling of the cells was initially similar to that of parasites treated with salinomycin
at the same concentration (Fig. 3). However, after 20 min incubation, the swelling induced by
20-deoxysalinomycin was more pronounced and by the end of the experiment, trypanosomes
incubated with 20-deoxysalinomycin had swollen 30% more compared to parasites exposed to
the parent compound (Fig. 3). It should be noted that at the end of the experiment, the
trypanosomes had lost their normal elongated shape and appeared as round cells; an effect
previously described for trypanosomes treated with salinomycin (Steverding and Sexton,
2013). Nevertheless, the trypanosomes were still alive as shown by minor movement. This
result indicates that the higher trypanocidal activity of 20-deoxysalinomycin compared to
salinomycin is indeed connected to a higher ionophoretic activity. The molecular level origin
for this difference is however not obvious. Structurally, the global conformation of salinomycin
is conserved in 20-deoxysalinomycin (Huang et al., 2014; Borgstrom et al., 2017). As for the
C20-hydroxyl group of salinomycin, it is involved in intramolecular hydrogen bonding, but not
metal coordination (Paulus et al., 1998). We interpret the higher ionophoretic activity of 20-
deoxysalinomycin as, at least in part, related to its higher lipophilicity leading to more facile
uptake in lipophilic environments like biological membranes (miLogP for 20-
deoxysalinomycin = 7.36, miLogP for salinomycin = 6.45; determined using the
Molinspiration interactive logP calculator (Molinspiration Cheminformatics, 2022)). However,
an additional contributor may be that the absence of a C20-hydroxyl group facilitates ion
transport by a faster capture-release mechanism of sodium ions for the deoxygenated structure
(Matsumori et al., 2007).

In summary, this study further supports our previous findings that derivatisation of
salinomycin is an efficient approach to developing compounds with increased trypanocidal
activity (Steverding et al., 2016; Antoszczak et al., 2019b). 20-Deoxysalinomycin, a natural
product, structurally related to salinomycin but lacking its hydroxyl group at the C20 position,
proved to be a promising trypanocidal compound being almost an order of magnitude more
effective and four times more selective than its parent compound when evaluated with
bloodstream-form trypanosomes in vitro. In addition, 20-deoxysalinomycin matches key
criteria for drug candidates against African trypanosomiasis (Glso <0.2 pg/ml, Glso of 20-
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deoxysalinomycin = 0.088 pg/ml; SI >100, SI of 20-deoxysalinomycin = 26 (Nkawa and
Hudson, 2006)). Going forward, it should be possible to further improve the trypanocidal
activity and drug properties of this lead, for instance, through modifications of the C1
carboxylate moiety (Steverding et al., 2016; Antoszczak et al., 2019b). Such studies are

underway in our laboratory and will be reported in due course.
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Figure legends

Fig. 1. Structure of salinomycin sodium salt and 20-deoxysalinomycin sodium salt. The
PubChem Compound Identifier (CID) for salinomycin sodium salt and 20-deoxysalinomycin

sodium salt is 23703990 and 132577037, respectively.

Fig. 2. Effect of 20-deoxysalinomycin, salinomycin and suramin on the growth of bloodstream
forms of T. brucei and human myeloid leukaemia HL-60 cell. Trypanosomes (A) and HL-60
cells (B) were incubated with varying concentrations of 20-deoxysalinomy (circles),
salinomycin (squares), or suramin (triangles). After 72 h of culture, cell viability and
proliferation were determined with the colourimetric dye resazurin. Mean values of the three
independent experiments are shown. Dose-response curves were calculated from mean values
using the 4-parameter logistic model. For clarity, standard deviations were omitted. The

standard deviations ranged between 0.6 and 13.4 percentage points.

Fig. 3. Effect of 20-deoxysalinomycin and salinomycin on the cell volume of bloodstream
forms of T. brucei. Trypanosomes (5 x 107 cells/ml) were incubated with 100 pM 20-
deoxysalinomycin acid (open circles) or salinomycin (open squares) in Baltz medium in the
presence of 0.9% DMSO. Controls (closed diamonds) were incubated with 0.9% DMSO. Every
10 min, the absorbance at 490 nm was measured. For clarity, only the mean values of three

independent experiments are shown. The standard deviations ranged between 0.035 to 0.105.
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Highlights
e 20-deoxysalinomycin displays stronger trypanocidal activity than salinomycin.
e 20-deoxysalinomycin induces stronger cell swelling in trypanosomes than
salinomycin.

e 20-deoxysalinomycin exhibits better selectivity than salinomycin.



