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In vitro activity (MICs and rate of kill) of AFN-
1252, a novel Fabl inhibitor, in the presence of
serum and in combination with other
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AFN-1252 is a novel inhibitor of Fabl, an essential enzyme in fatty acid biosynthesis in Staphylococcus spp.
AFN-1252 exhibits typical MICgqq values of <0.015 pg/ml against diverse clinical isolates of S. aureus, oral
absorption, long elimination half-live and efficacy in animal models. We now report high binding (~95%) to
serum proteins of mouse, rat, dog and humans, associated with an eight-fold increase in minimal inhibitory
concentration (MIC) and which may be responsible for the long elimination half-lives on pharmacokinetic
studies. Unlike daptomycin, AFN-1252 activity is not reduced in the presence of lung surfactant. AFN-1252
exhibits a short post-antibiotic effect of 1.1 hours against methicillin-susceptible S. aureus (MSSA) and
methicillin-resistant S. aureus (MRSA) following a 4-hour exposure period. The AFN-1252 unique spectrum
of activity is not compromised by interactions with major antibiotic classes, but demonstrates synergy with
low concentrations of gentamicin against MSSA and MRSA. These studies support the continued
investigation of AFN-1252 as a targeted therapeutic for staphylococcal infections.
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Introduction
The increasing prevalence of multidrug-resistant

bacterial FASII pathway and its inhibition disrupts
both saturated and unsaturated fatty acid biosynth-

staphylococcal infections necessitates new agents
with novel mechanism of action and ideally oral
therapies that can be used to treat these infections.
There is also interest in the potential of targeted
therapies to treat emerging drug-resistant strains,
while providing for fewer adverse effects and less
collateral damage, such as disruption of normal flora
or resistance pressure on off-target bacteria.

The bacterial fatty-acid (FASII) biosynthetic path-
way, which involves several discrete enzymes, has
been identified as new antibacterial target.'> The
bacterial FASII pathway is different to that of
mammals which is dependent upon a single protein®
and hence is a priori reason why inhibitors of
bacterial fatty acid biosynthesis should be selective
and safe in clinical use.

Enoyl-ACP reductase (Fabl) catalyzes the elonga-
tion of the acyl chain and is the last step in the
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esis, preventing bacterial repair and growth. Fabl is
the sole form of enoyl-ACP reductase present in S.
aureus, S. epidermidis and other staphylococci.” No
alternative enzyme or rescue pathway for Fabl in
staphylococci has been identified, suggesting that
Fabl is essential to cell viability in Staphylococcus
spp. and hence that Fabl inhibition could be
considered as a targeted anti-staphylococcal therapy.

The mechanism of action of AFN-1252, a potent
inhibitor of Fabl, has been confirmed using biochem-
istry, macromolecular synthesis, genetics and co-
crystallization studies.” Primary in vitro studies
demonstrate, excellent potency against clinical iso-
lates of S. aureus (typical MICyy 0.015 pg/ml) and
coagulase-negative staphylococci (typical MICyg
0.12 pg/ml) regardless of their susceptibility to other
classes of antibacterials or clinical origin.”® A low
propensity for spontaneous resistance development’
is predicted and a time-dependent reduction in
viability of both methicillin-susceptible S. aureus
(MSSA) and methicillin-resistant S. aureus (MRSA)
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is seen in vitro. AFN-1252 was orally available in
mouse pharmacokinetic studies and a single oral dose
of 1 mg/kg AFN-1252 was efficacious in a mouse
model of septicemia providing 100% protection from
an otherwise lethal peritoneal infection of S. aureus
Smith. An EDs, of 0.15 mg/kg indicated that AFN-
1252 was 12 to 24 times more potent than linezolid in
the model.”

The current manuscript summarizes further in vitro
studies, in particular the impact of serum proteins,
lung surfactants and combination studies with
representatives of other major antibiotic classes upon
the activity of AFN-1252 in minimal inhibitory
concentration (MIC) and rate of kill studies.

Methods

All AFN-1252 (Affinium Pharmaceuticals, Toronto,
ON, Canada) solutions were prepared from the
tosylate anhydrate [lots: GJP-F-49(5), GJP-F-62(2)]
or monohydrate [lot MAN-G-133 (3)] salts with
concentrations adjusted and reported as free base
equivalents, based on the relevant certificates of
analysis.

S. aureus ATCC 29213 (MSSA 29213) and ATCC
43300 (MRSA 43300) were used as standard assay
strains. Other MSSA and MRSA strains were clinical
isolates from laboratory collections.

MIC determination
MIC testing of antimicrobial agents was performed
according to the Clinical and Laboratory Standards
Institute (CLSI) guidelines using the broth micro-
dilution procedure.'”

Serum protein-binding assays

AFN-1252 binding to serum proteins was investi-
gated in three biophysical and one microbiological
study covering different techniques, a range of AFN-
1252 concentrations and sera from humans and three
animal species.

Serum binding determined by equilibrium
dialysis

This study evaluated concentration-dependent bind-
ing of AFN-1252 to human, mouse, rat and dog
serum proteins. A stock solution (2 mg/ml) of AFN-
1252 in dimethylsulfoxide (DMSO) was further
diluted with DMSO to give working solutions of
40, 200, and 1000 pg/ml for the main assay, and
400 pg/ml for non-specific binding determination.
The assay was performed in duplicate with pooled
male human, rat (Sprague-Dawley), dog (Beagle) and
mouse serum (all Bioreclamation Inc., Westbury,
NY, USA). Equal volumes of each working solution
were diluted in serum to give final AFN-1252
concentrations of 0.2, 1, 5, and 10 pg/ml. Test
solutions were dialyzed against 0.02M phosphate
buffered saline (PBS; pH 7.4) at 37°C for 4 hours in
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an equilibrium dialyzer (Spectrum Laboratories Inc.,
Rancho Dominguez, CA, USA), using a dialysis
membrane with molecular weight cut-off (MWCO) of
12-14 kDa. The concentration of AFN-1252 on each
side of the membrane was determined by liquid
chromatography-tandem mass spectrometry (LC-
MS/MS). Liquid chromatography was performed
using an Agilent Technologies 1100 series binary
pump (Wokingham, UK) with Shimadzu SIL-
HTC autosampler (Columbia, MD, USA) and
Phenomenex Onyx Monolithic C18 column (Maccles-
field, UK) at ambient temperature, and mobile phase
gradient elution with 0.2% v/v formic acid in water
and 0.2% v/v formic acid in acetonitrile at a flow rate
of 1.5 ml/min. The injection volume was set at 25 ul
and run time at 3.5 minutes. Tandem MS was
performed using an MDS Sciex API 4000 (Applied
Biosystems, Concord, ON, Canada) and positive
electrospray ionization (ESI). Non-specific binding to
the apparatus was determined in duplicate, using
AFN-1252 at a nominal concentration of 2 pg/ml in
PBS dialyzed against PBS at 37°C for 5 hours. The
non-specific binding was calculated based on the
percentage recovery of AFN-1252 as determined by
LC/MS/MS. Using the same procedures, [7-'*CJ-
salicylic acid (Perkin Elmer, Waltham, MA, USA),
at 0.2 pg/ml, was included as a control to assess the
binding assay conditions; however, post-dialysis
samples were analyzed using liquid scintillation
counting (Wallac beta counter; Perkin Elmer).

Mouse serum binding determined by
ultrafiltration

A master stock solution of 6.4 mg/ml AFN-1252 in
100% DMSO was diluted in 50% DMSO to give
working solutions of 400, 200, 150, 100 and 20 pg/ml.
Subsequent 1 in 200 dilutions were performed in
freshly collected mouse plasma to give the final
concentrations of 2, 1, 0.75, 0.5, and 0.1 pg/ml.
Each solution was placed in a shaking water bath
at 37°C for 10 minutes, then 0.9 ml transferred
in triplicate to ultrafiltration devices (Amicon
Centrifree® Micropartition, Millipore, Bedford,
MA, USA) with MWCO of 30 kDa. Each was
centrifuged at 1000g for 30 minutes at 10°C to
generate a plasma ultrafiltrate volume of approxi-
mately 250 pl. Non-specific binding of AFN-1252 to
the filter device was determined using a drug
concentration of 0.75 pg/ml. Concentrations of
AFN-1252 were determined by high performance
LC-MS/MS. The HPLC procedure used an Agilent
Zorbax Eclipse XDB-C8 column at 30°C and an
injection volume of 30 pl with a 15 minutes run time.
Gradient elution mobile phases consisted of acetoni-
trile and water (9:1, v/v) with 0.1% formic acid and
acetonitrile with 0.1% formic acid, and the flow rate
was set at 1 ml/min. Tandem MS was performed
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using a Bruker Esquire 3000 Plus (Billerica, MA,
USA) and positive ESI.

Human, rat, dog and mouse serum binding by
ultrafiltration

A working solution of AFN-1252 at 2 mM (750.8 ug/
ml) in 50% DMSO was prepared. For each species,
2 ul of working solution was added to 398 pl of
serum to give test solutions with an AFN-1252
concentration of 10 uM. Each test solution was
incubated at 37°C for 30 minutes, then 4 pl diluted
in 36 ul of PBS (Sample 1). The remaining test
solutions were loaded into the wells of a MultiScreen
filter plate with Ultracel-PPB membrane (Millipore,
Billerica, MA, USA) which was then centrifuged at
3300 rpm and 25°C for 45 minutes or until at least
40 ul of ultrafiltrate has been collected for each test
solution. For each test ultrafiltrate, a 4-pl aliquot was
diluted in 36 pl of PBS (Sample 2), and a further
40 ul was measured into another tube (Sample 3).
AFN-1252 analysis was performed using HPLC-MS,
as detailed above for the mouse serum study, with an
injection volume of 5 pl and flow rate of 20 pl/min.
Gradient elution mobile phases were: water with
0.1% formic acid and acetonitrile with 0.1% formic
acid.

Effect of serum binding on MIC

The effects of 4% human serum albumin (HSA;
Sigma-Aldrich, St. Louis, MO, USA) and 0, 10, 25,
50 or 100% human serum (Bioreclamation Inc.,
Hicksville, NY, USA) binding on the MICs of
AFN-1252 against the standard CLSI reference strain
MSSA 29213 was investigated using microdilution
procedures based on the CLSI guidelines.'®

Effect of serum binding on rate of kill

The organism used in the time-kill assay was MRSA
1659, a hospital-acquired MRSA strain with an AFN-
1252 MIC of 0.015 pg/ml. A series of flasks were
prepared containing Mueller-Hinton I broth (MHB;
Becton Dickinson, Sparks, MD, USA), supplemented
with AFN-1252 at final concentrations of 0.96, 0.48,
0.24, 0.12 and 0.06 pg/ml (i.e. 64 x MIC to 4 x MIC)
in the presence or absence of 75% pooled human
serum (Valley Biomedical, Winchester, VA, USA) or
mouse serum (Biologos Inc., Montgomery, 1L, USA).
At T, 0.5 ml of bacterial inoculum was added to each
vessel which was immediately swirled to mix, and then
a 0.5 ml sample removed for the determination of
viable count. The vessels were placed in an incubator
shaker at 35°C and 150 rpm, and further sampled at 2,
6, 10 and 24 hours after inoculation for determination
of viable count. Viable cell counts were carried out by
serial 10-fold dilutions in tryptic soy broth and plating
out duplicate 50 pul samples on prepared plates of
trypticase soy agar and incubating plates for 24 hours
at 35°C.
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To determine apparent plasma protein binding, the
change in log;o CFU/ml T; to 10 hours was plotted
against the AFN-1252 concentration for each test
condition. The data were then modelled in
WinNonLin V. 5.2.1 with the Emax inhibitory effect
model to determine the AFN-1252 concentrations
predicted to achieve a change in log;o CFU/ml of 0
(stasis), —0.5, —1 and —1.5. The ratios of AFN-1252
concentrations required to achieve each change in
logio CFU/ml value, in the presence/absence of
human or mouse serum, were calculated and used
to calculate the plasma protein binding and amount
of free drug.

Effect of pulmonary surfactant

In this study, the MICs of AFN-1252, daptomycin
and vancomycin, in the presence and absence of
surfactant (Survanta, Abbott Laboratories), were
determined using CLSI broth microdilution against
11 MSSA and 10 MRSA. Stock solutions of
antibiotics were doubly diluted to give a range of
working stock solutions at 50 x the final solutions,
between 1 and 0.001 pg/ml for AFN-1252, and
between 64 and 0.06 pg/ml for both vancomycin
and daptomycin. Surfactant solutions (in sterile 0.9%
saline; 5 pl per assay) were added to achieve a final
concentration of 0, 0.1, or 0.8 mg/ml.

Post-antibiotic effect (PAE)

The PAE of AFN-1252 was determined at three
concentrations (1 x, 32x and 128 x the MIC) and
two exposure times (1 and 4 hours) using MSSA
29213 and MRSA 43300. For each strain, two sets
(one for each challenge time) of eight tubes were set
up with AFN-1252 in 4.5 ml of growth medium as
follows: Tube 1: 0 pg/ml, sterility control; Tube 2:
0 pg/ml, growth control; Tubes 3-5: 0.032, 0.32 and
1 pg/ml respectively, challenge tubes; Tubes 6-8:
0.000032, 0.00026, and 0.001 pg/ml respectively,
controls to monitor for residual compound effect
on growth kinetics. An inoculum of 500 pl was added
to each of Tubes 2-5, for an initial concentration of
1 x 10° CFU/ml, and the tubes, together with Tube 1,
placed in a shaking incubator at 35°C. After 1 and
4 hours, 5 pl from each of the five tubes were diluted
in 5 ml of fresh CAMHB (at Ty); at the same time,
Tubes 6-8 were inoculated with 500 pl of the non-
challenged culture from Tube 2. Each of the eight
tubes was sampled for viable cell counts before being
placed in a shaking incubator at 35°C. Viable cell
counts were performed every 30 minutes for 6 hours
by serial 10-fold dilutions (minimum 1000-fold) in
0.9% sterile saline and spot-plating (20 pl) on TSA
plates in triplicate. Plates were incubated overnight at
35°C. The limit of detection for this method was 50
CFU/ml. The PAE was calculated using the following
formula: PAE=T-C, where T is the time required for



the test culture to increase 1 log above the count at
Ty, and C is the time required for the growth control
(Tube 2) to increase 1 log above the count at Tj. Each
experiment was conducted on four occasions and
mean PAE values calculated. Vancomycin was
included as control in two experiments.

Activity of AFN-1252 in combination with other
antibacterials

The activity of AFN-1252 in combination with
representatives of major antibacterial classes was
investigated using both checkerboard and rate of kill
studies.

Checkerboard assays were performed in 96-well
plates'' and fractional inhibitory concentration (FIC)
values determined.'> For all of the wells of the
microtitration plates that corresponded to an MIC,
the sum of the FICs (2FIC) was calculated for each
well with the equation XFIC=FIC,+ FICg=(Cx/
MIC,) + (Cp/MICg), where MIC, and MICy are the
MICs of drugs A and B alone, respectively, and Cy
and Cp are the concentrations of the drugs in
combination, respectively. FIC values were inter-
preted as follows: synergy (FIC=0.5); additivity or
indifference (FIC>0.5=2); or antagonism (FIC>2).

Time-kill combination assays were performed as
previously described.!' Log phase cells (~10° CFU/
ml) were incubated with varying concentrations of
AFN-1252 and combination antibacterial agents for
24 hours at 35°C. At each time point, samples were
removed for determination of viable CFU counts.
The combination effect in killing at 24 hours was
defined as synergy (> 100-fold decrease in CFU/ml),
additivity/indifference (<100-fold decrease or in-
crease in CFU/ml) or antagonism (>100-fold in-
crease in CFU/ml), compared with the more active
component alone.

Results

Serum binding of AFN-1252

AFN-1252 was highly bound to plasma proteins from
all four species (Table 1). Values from equilibrium
dialysis exceeded 95% for all serum types and there
was no obvious effect of AFN-1252 concentration.
Mouse serum binding results from one ultrafiltration
assay were marginally higher, at 95 to 98%, than
observed with the equilibrium assay. However, results
from a second ultrafiltration assay across all four
serum types were lower, at 92 to 95%, than
corresponding results obtained by equilibrium assays.

Effect of serum proteins on MIC

The MIC of AFN-1252 for MSSA 29213 increased 8-
fold from 0.004 pg/ml in serum-free CAMHB media
to 0.032 pg/ml in CAMHB containing 50% human
serum in a serum-concentration dependent manner.
No bacterial growth was seen in 100% human serum.
Incorporation of 4% human serum albumin into
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CAMHB was also associated with an 8-fold increase
in AFN-1252 MIC.

Effect of serum on rate of kill

In the absence of serum, AFN-1252 exhibited
concentration dependent reduction in the viable
count of MRSA 1659, ranging from a 1-2 logjo
reduction at 4 x MIC to a 4-log reduction at 64 x
MIC at 10 hours (Figure 1). In the presence of 75%
human serum or mouse serum, bacterial growth rate
was reduced and AFN-1252 exhibited less effect. In
human serum, 8 x MIC resulted in bacteriostatic
activity and 64 x MIC achieved a 2 log;( reduction at
10 hours. In mouse serum, drug concentrations at
64 x MIC achieved bacteriostasis.

Based on the Emax inhibitory effect model on the
change in log;o CFU/ml at 10 hours (Fig. 2A), it was
calculated that a 13 x increase in AFN-1252 con-
centration would be required to achieve stasis in 75%
human serum compared with serum-free media, and
increases of between 13x and 18x would be
required to achieve the same reductions in viable
count activity as seen in serum-free media. The
apparent plasma protein binding determinations were
similar for human and mouse sera, and ranged
between 92 and 94%.

Pulmonary surfactant

AFN-1252 had potent activity against all 20 strains of
staphylococci, including 10 MRSA, with MICs of
0.008-0.015 pg/ml in the absence of surfactant
(Table 2). Similar MICs (0.008-0.03 pg/ml) were
observed in the presence of surfactant at either 0.1
or 0.8 mg/ml. Whether in the presence or absence of
surfactant, AFN-1252 was several-fold more potent
than either vancomycin (MICs of 0.5-1 pg/ml) or
daptomycin (MICs of 0.5-2 pg/ml). Vancomycin
MICs were generally unaffected by the presence of
surfactant while daptomycin MICs were clevated 4-
to 16-fold in the presence of surfactant at 1 mg/ml
and at least 32-fold in the presence of surfactant at
0.8 mg/ml.

Table 1
AFN-1252

Determination of serum protein binding of

% Binding

AFN-1252 concentration (ug/ml) Mouse Rat Dog Human

Equilibrium dialysis method

0.2 96.5 98.6 97.7 98.1
1 96.2 98.7 975 984
5 953 98.8 96.9 98.4
10 949 986 96.4 98.3
Ultrafiltration method

0.1 94.6 - - -
0.5 98.2 - - -
1.0 98.8 - - -
2.0 98.8 - - -
Ultrafiltration method

3.75 946 919 949 0925
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Mouse serum assay - serum concentration 0%
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Figure 1 Rate of kill of AFN-1252 against MRSA 1659 in the presence and absence of 75% mouse and human serum.

Post-antibiotic effect

AFN-1252 exhibited dose-dependent PAEs of 0.1—
0.2 hour at 32x MIC and 1.1-1.2 hours at 128 x
MIC, following 4-hour incubation, against both
MSSA 29213 and MRSA 43300 (Table 3).

Combination studies

Checkerboard studies generally showed additivity
between AFN-1252 and representatives of the major
antibacterial classes against MSSA 29213 and MRSA
43300 (Table 4). FIC values of 0.4, indicating synergy,
were calculated for combinations of AFN-1252 and

Human serum

Change log CFU/ml

Change log CFU/ml

0 0.2 0.4 0.6 0.8 1

AFN-1252 (ug/ml)

A Control (0% serum) observed — Control (0% serum) predicted

A A Human serum (75%) observed — Human serum (75%) predicted

Figure 2
serum; (B) Mouse serum.
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gentamicin against both strains. A further study using
MSSA 29213, MRSA A6250596 (fluoroquinolone-
resistant) and MRSA A7080336 did not detect any
synergy or antagonism between AFN-1252 and
penicillin, cefuroxime, ceftriaxone, meropenem, levo-
floxacin, gatifloxacin or azithromycin.

AFN-1252 at 2 x MIC resulted in log; reduction
of CFU/ml of —1.1 to —1.53 over 24 hours against
MSSA 29213 (Table 5). In combination with line-
zolid at Y4 x MIC or 4 x MIC, AFN-1252 at 2x
MIC had indifferent effect. AFN-1252 also exhibited

Mouse serum

0 0.2 04 086 0.8 1

AFN-1252 (ug/ml)

A Control (0% serum) observed — Control (0% serum) predicted

B A Mouse serum (75%) observed — Mouse serum (75%) predicted

Inhibitory effect models: change in log CFU/ml vs AFN-1252 concentrations at the 10-hour time point. (A) Human
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Table 2 In vitro activity of AFN-1252 and comparators against S. aureus in the presence and absence of pulmonary

surfactant
Range of MICs (ug/ml)
AFN-1252 with Vancomycin with Daptomycin with
surfactant (mg/ml) surfactant (mg/ml) surfactant (mg/ml)
0 0.1 0.8 0 0.1 0.8 0 0.1 0.8
MSSA, n=10 0.004-0.015 0.008-0.015 0.008-0.03 0.5-1 0.5-4 0.5-1 0.5-2 4-32 64
MRSA, n=10 0.008 0.008 0.008-0.015 0.5-1 0.5-2 5- 0.5-2 8-16 64

Note: CLSI QC range.

indifferent effect in combination with vancomycin at
Yo x MIC but antagonism with vancomycin at 4 x
MIC. Linezolid was bactericidal (>3 log reduction in
CFU/ml) at 24 hours at concentrations above its
MIC; the combination of AFN-1252+linezolid
showed indifference at both 4x and Yax MIC.
The combination of AFN-1252 at 2x MIC and
gentamicin at % x MIC was synergistic, achieving
more than a 4-log reduction in viable count (Fig. 3).

Discussion

AFN-1252 exhibits exquisite and highly selective
activity against Staphylococcus spp., both in vitro
and in animal models of infection. The studies
described in this manuscript report the effect of
serum proteins, lung surfactants and interactions
with representatives of other major antibiotic classes,
upon the in vitro activity of AFN-1252.

The degree of binding to serum proteins greatly
affects the pharmacokinetics, particularly the elimina-
tion half-life, and hence pharmacodynamics of a drug.
Low serum binding is associated with high levels of
free drug but short elimination half-lives and the need
for frequent dosing, whereas high serum binding is
associated with low levels of free drug and long
elimination half-lives as the drug is released from the
‘reservoir’ and the potential for less frequent dosing.'?

The extent of protein-binding of AFN-1252 was
robustly investigated using different sera and stan-
dard equilibrium dialysis and ultrafiltration methods.
In all cases, AFN-1252 displayed concentration-
independent high serum binding, including values
ranging from 92.5 to 98.4% in human serum. Such

Table 3 Average PAE from four experiments

AFN-1252 PAE (h)*
1-hour 4-hour
x MIC pg/ml exposure exposure
MSSA 29213 4 0.03 0 0
32 0.25 0 0.1x0.1
128 1.0 0.5 1.1x04
MRSA 43300 4 0.03 NT 0
32 0.25 NT 0.2+0.1
129 1.0 NT 1.2+0.7

Note: *average=SD.

values relate well to the long elimination half-lives
seen in mice’ and early Phase I studies.'* The high
serum binding was also evident in MIC studies using
MSSA 29213, where AFN-1252 MICs were 8-fold
higher in the presence of 50% serum, corresponding
to 12.5% free AFN-1252, i.e. approximately 90%
binding. Although this latter result confirms the high
serum binding, further studies with a genotypically
diverse range of strains are desirable.

Protein binding of AFN-1252 was also investigated
through its effect in rate of bacterial kill studies in the
presence of 75% human or mouse serum. In the
absence of serum, AFN-1252 exhibited concentra-
tion-dependent reduction in the viable count of
MRSA 1659, ranging from a 1-2 log;, reduction at
4x MIC to a 4-log reduction at 64 x MIC at
10 hours. In the presence of 75% human serum or
mouse serum, bacterial growth rate was markedly
reduced and AFN-1252 exhibited less effect. For both
human and mouse serum studies, the apparent
protein-binding values calculated from the predicted
rate of kill using an Emax inhibitory effect model
were 92-94%, i.e. within the range obtained from
biophysical methods. Time-kill assays in the presence
and absence of serum therefore present an alternative
approach to determining plasma protein binding
values. As with the serum MIC studies, it would be
useful to extend this study to a wider range of strains.

AFN-1252 exhibited dose-dependent PAEs against
the two indicator strains of MSSA and MRSA.
Although the PAE of 0.1-0.2 hour at 32x MIC is
small, this increased 6- to 10-fold at 128 x MIC. It is
to be expected that the long AFN-1252 elimination
half-lives seen in animal studies will be further
prolonged in humans, in which case PAE may not
be a major pharmacodynamic factor.

Decreased efficacy of daptomycin in community-
acquired pneumonia is due to inhibition of the drug by
pulmonary surfactant.'> This inhibition was readily
apparent in vitro with large increases in daptomycin
MICs in the presence of a pulmonary surfactant
(Survanta®, Abbott Laboratories, Abbott Park, IL,
USA) used primarily to increase surface tension in the
lungs of premature newborns. We confirmed the

Journal of Chemotherapy 2013 voL. 25 NO. 1

23



Kaplan et al.

24

In vitro activities of AFN-1252

marked increase in daptomycin MICs in the presence of
lung surfactant at 0.1 mg/ml and 0.8 mg/ml. In contrast
to daptomycin, AFN-1252 MICs were not affected
when testing in the presence of pulmonary surfactant,
indicating that pulmonary surfactant will not impact
the activity of AFN-1252 in respiratory infections.
The interaction between AFN-1252 and represen-
tatives of other major antibiotic classes was exten-
sively investigated using both checkerboard MICs
and time-kill assays against four strains of S. aureus,
including the CLSI reference strain MSSA 29213 and
three diverse clinical isolates of MRSA. Additivity
was most common result in checkerboard MICs, the
exceptions being an indication of antagonism in
combination with vancomycin against MSSA 29213
in rate of kill studies, but additivity in the checker-
board assay, and synergy, based on FIC values of 0.4,
with gentamicin against both MSSA 29213 and
MRSA 43300. The synergy with gentamicin was
confirmed in time-kill studies against MSSA 29213.
As AFN-1252 was selected and developed as an agent

Table 4 Checkerboard analysis of AFN-1252 with S. aureus

Log,, CFU/m
(2]

0 4 8 12 16 20 24
Time (h)

~—— Growth control

—d&— AFN-1252 (2x MIC)

Gentamicin (1/8x MIC) +
AFN-1252 (2x MIC)

—&-— Gentamicin (1/8x MIC)

Figure 3 Time-kill graphs to show synergy of AFN-1252 with
gentamicin against MSSA 29213.

specific for Staphylococcus spp., with minimal impact
on other flora, it is logical to assume that synergistic
or antagonistic interactions would be unwelcome.

Average FIC index

Combination antibacterial Class Target MSSA 29213 MRSA 43300 Interaction
Gentamicin Aminoglycoside Protein synthesis 0.4 0.4 Synergy
Linezolid Oxazolidinone 0.6 0.5 Additivity
Tetracycline Tetracycline 1.0 0.8 Additivity
Erythromycin Macrolide 2.0 NT Indifference
Cloxacillin Penicillin Cell wall 1.0 0.8 Additivity
Nafcillin Penicillin 0.6 0.6 Additivity
Cefuroxime Cephalosporin 0.7 0.5 Additivity
Vancomycin Glycopeptide 0.8 0.7 Additivity
Levofloxacin Fluoroguinolone DNA 0.9 1.0 Additivity
Rifampicin Rifamycin RNA 0.7 0.8 Additivity

Table 5 Effect of AFN-1252 in combination with linezolid, gentamicin or vancomycin upon reduction in viable count (log

CFU/ml) of MSSA 29213 after 24 hours

Change in bacterial count after

24 hours (log CFU/mI)

Combination effect

Growth control

Linezolid (4 x MIC)

Linezolid (¥4 x MIC)

AFN-1252 (2 x MIC)

Linezolid (4 x MIC)+AFN-1252 (2 x MIC)
Linezolid (¥4 x MIC)+AFN-1252 (2x MIC)

Growth control

Gentamicin (2x MIC)

Gentamicin (% x MIC)

AFN-1252 (2 x MIC)

Gentamicin (2 x MIC)+AFN-1252 (2 x MIC)
Gentamicin (% x MIC)+AFN-1252 (2 x MIC)

Growth control

Vancomycin (4 x MIC)

Vancomycin (Vs x MIC)

AFN-1252 (2 x MIC)

Vancomycin (4 x MIC)+AFN-1252 (2x MIC)
Vancomycin (%4 x MIC)+AFN-1252 (2 x MIC)

3.73 -
-3.14 -

2.86 -
—-1.16 -
—-2.98 Indifference
—2.39 Indifference

3.81 -
>—4.572 -
2.88 -
-1.10 -
>—4572 Not evaluable*
>—4.572 Synergy

3.22 -
>—4.531 -
3.32 -
-1.53 -
—2.49 Antagonism
—0.89 Indifference

Note: * — not evaluable because the viable cell count fell below the level of detection for both gentamicin alone and in combination with

AFN-1252.
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However, the interaction with gentamicin may be the
exception to this rule as gentamicin has a poor safety
profile and a combination with AFN-1252 offers the
opportunity for increased activity against S. aureus
and reduced safety concerns.

In conclusion, these studies confirm the high serum
binding of AFN-1252, small PAE, fully retained
activity in the presence of lung surfactant and, with
the exception of gentamicin, no interaction with other
antibiotics. These properties indicate predictable
pharmacokinetics and efficacy in clinical use.
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