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IMENDED AB: Figure 1. Structures of the CSAs test. Table 2. MICs of CSAs against various C. difficile isolates (values in pg/ml) RESU!
Background: Increasing rates and severity of C. difficile associated disease (CDAD) Isolate CSA-8  CSA-12  CSA-13  CSA-15 (CSA-21 CSA-22 (CSA-29 CSA-46 CSA-54 Metronidazole C.erag.eninﬁ share a rigid sterol backbone; variations among the compounds are due to
in the USA are associated with an outbreak strain (NAP1) expressing increased HNTSTN0 o ATCC 29741 128 >32 32 128 64 32 >256 8 256 2 differing side ch-am attachmen'ts. Of the 9 CSAs'tested,} compounds (CSA-I}, CSA-22
virulence and resistance. We examined activity of nine developmental cationic steroid ATCC 25285 128 =32 64 256 128 64 >256 16 >256 1 ar.ld‘ (?SA-46) displayed consxst.ent pqtem actlylty against the c-hallenge- isolates of C.
agents (CSAs or ceragenins; small molecule animonsterols mimicking endogenous ATCC 43055 64 =32 8 64 128 8 >256 4 256 1 difficile (see Tables 1 and 2), including the virulent NAP1 strain (no dlfferf:nce—MIC
antimicrobial peptides) against clinical isolates of C. difficile, including NAP1. ATCC 70057 64 =32 16 32 8 4 256 2 128 1 50/99 of 8/5? for each .compound for all st.rams tested). The_se compounds have in common
1479 64 =32 8 16 8 8 >256 8 32 0.5 a lipid chain extending from the steroid nucleus. While CSA-21 and CSA-54 were
Methods: MIC values were determined for nine CSAs and metronidazole (control 1482 64 32 8 16 <0.125 8 256 8 128 0.5 generally ineffective against most of the strains (MIC 50/90 of 16/16 and 64/128,
agent) using a reference (NCCLS MI11-A6) agar dilution method against 30 C. 1484 64 =32 8 64 16 8 >256 8 128 1 respectively), both compounds did have MIC values against certain strains of 0.12 pg/ml,
difficile isolates submitted as part of international surveillance programs, including 1485 64 =32 8 32 16 8 256 8 128 0.5 even lower than the lowest reported value for metronidazole (0.25 pg/ml). These
one NAPI isolate. Quality control (QC) strains included C. difficile (ATCC 70057), 1491 64 =32 8 32 16 16 >256 8 128 1 compounds have higher charge density than many of the other ceragenins.
E. lentum (ATCC 3055), B. fragilis (ATCC 25285), and B. thetaiotaomicron (ATCC 1493 64 32 1 2 4 2 128 2 2 025 . . N .
29741). 1499 128 e 4 0 G 2 5256 8 oN25 08 Ceragenins are cationic amphiphilic compounds that are electrostatically attracted to
o ) - 1500 o G 3 32 ON25 2 256 8 4 025 anionic phospholipids (especially lipid A) fo.und on thg surfacej of bacterial' membrane.s.
Results: All QC results were within specified CLSI ranges. Metronidazole was the o] o G 3 0 oN25 2 o 2 4 08 These compounds are thought to exert their bactericidal action by creating pores in
most potent agent tested (MIC 50/90 results 0.5/1 pg/ml, range 0.25 to 1 pg/ml). 1502 1 16 3 1 <0125 ) 4 1 ) 05 bacterial membranes that lead to rapid ion efflux and cell death.”® This wide variation in
Ceragenins with the greatest potency included CSA-13, CSA-22 and CSA-46 (MIC 50s 32 >32 3 G G 4 256 4 32 0 activity of the less-potent ceragenins (CSA-21 and CSA-54) suggests a corresponding
50/92051éesu1/ts i% pg/ml).. NlllC 50/90 results for other CSAs varied from 16 to 256 / 16 1508 1 o3 3 4 16 4 128 ) 025 025 variation in -th.e lipidl m.emeaEe lstr:cture o;f? d';'[/icilg Stsrainzsl anddt}éesiozzi lit.y that
to > ng/ml, respectively. 1509 3 -3 4 3 4 4 2256 3 o4 05 structure-activity analysis might lead to modification o A-21 ang -54 to impart
broad spectrum activity as displayed by CSA-13, CSA-22 and CSA-46. CSA-8, which
q ; ; - 1510 32 >32 8 32 16 8 >256 8 128 1 > >
Conclusions: CSA-13, CSA-22 anngg\-{G displayed consistent potent activity - . - g - - a - a - q has been shown to have good activity against S. aureus strains, including MRSA strains,
against the challenge isolates of C. difficile, including the virulent NAPI strain (no . o » . o e 256 ; - 05 is not active against any of the tested isolates (lowest MIC of 32 pg/ml and MIC 50/90 of
difference). Based upop_these results, development of QSAs as potenu.al therapy for 15 o o . - 6 . a6 . 128 s 64/64). Metronidazole was the most potent agent tested, yielding MICs below 1 pg/mL
CDAD appears promising and warrants further consideration pending favorable ’ N N N N ’ for all strains tested.
. ! . . I N P 1514 64 >32 8 32 16 8 >256 8 128 05 h At
toxicologic studies, documentation of drug availability at the intended anatomic site
) X L . 2 2 2 3
(gastrointestinal tract), and favorable pharmacokinetic/pharmacodynamic parameters. 1515 o4 -3 8 32 ”’ = 128 4 e ! CONCLU!
1516 64 >32 8 32 16 8 >256 8 128 05
1517 64 >32 8 32 16 8 256 8 128 0.5 CSA-13, CSA-22 and CSA-46 displayed consistent potent activity against the
- 1518 64 >32 4 16 16 8 >256 8 32 0.5 challenge isolates of C. difficile, including the virulent NAP1 strain (no difference).
& g
INTRODUCTION 1521 2 32 8 32 4 8 256 8 32 05 Based upon these results, development of ceragenins as potential therapy for CDAD
. . . . . . 1523 64 32 8 32 32 16 256 8 64 0.5 S isi St i i i i
Clostridium difficile-associated diseases (e.g. antimicrobic-associated diarrhea and ’ - ’ 20 ’ appears promising aqd earengiinbey f:onﬁl.deranon pend!ng iewarelills tOXl.COlOg.lc
i L L - . . 1528 64 >32 8 32 16 8 >256 8 64 0.5 studies, documentation of drug availability at the intended anatomic site
pseudomembranous colitis) are usually nosocomial in origin and result in excessive . R A 5 . N L .
L . 7 N o Table 1. Susceptibilities of C. difficile isolates to ceragenins (values in pg/ml) 1530 64 >32 8 32 16 8 >256 8 2 05 (gastrointestinal ~ tract), and  favorable  pharmacokinetic/pharmacodynamic
morbidity and mortality among hospitalized patients. There has been a significant . . .
. 8 . . o . . . 1532 64 >32 4 32 025 2 128 1 2 1 parameters—especially target attainment. CSA-21 and CSA-54 showed a wide
increase in the incidence and severity of C. difficile-associated diarrhea (CDAD) in the MIC (ug/mL) S Gq 8 o ; s
. 1 T § 5 K 2 1533 32 32 4 32 025 4 256 4 2 0.5 variation in activity against C. difficile isolates. This may be due to a variation in the
past several years.! Current guidelines recommend treatment with metronidazole. S " " L 5 N . .
. . . P . . Antimicrobial 50% 90% Range 1535 64 >32 8 32 16 8 128 8 128 0.5 lipid membrane structure of different strains. Structure-activity analysis should reveal
Recently, a new, highly virulent strain of C. difficile has appeared that is less responsive A L X . .. . . )
. . . S 3 gent 1444 64 >32 8 32 64 8 >256 8 64 1 whether there are significant differences in the lipid moieties of the different strains
to standard therapy and is associated with a high rate of recurrence. Metronidazol that would account for the variation in susceptibility to these two ceragenins
etronidazole woul U varl 1n Sus 1011ty 'S (W S.
0.5 1 0.25-1
Ceragenins represent a new class of antibiotics that mimic the bactericidal activities of (control agent) MATERIALS AND METHODS
endogenous antimicrobial peptides (e.g., cathelicidins, cecropins, magainins, etc.).* CSA-8 64 64 32-128 REFERENCES:
Unlike peptide antibiotics, ceragenins are relatively simple to prepare and purify on a CSA-12 >32 >32 16->32 Bacterial Strains: Strains were clinical isolates selected from the JMI Laboratories’ collection. 30 C. difficile isolates 1. Kuijper, E. 1; B. Coignard; P. Tull; the ESCMID Study Group for Clostridium difficile (ESGCD); EU Member States
P L X . . Lo R . . . . . O . X . and the European Centre for Discase Prevention and Control (ECDC). 2006, Clin. Microbiol Infect. 12 Suppl. 6:2-18,
large scale.” Like many endogenous antimicrobial peptides, ceragenin activity is believed CSA-13 8 8 1-8 were selected from international surveillance programs, including one toxigenic strain representing the clonal compleX 5 Bouza, E.; P. Munoz; and R. Alonso. 2005. Clinical manifestations, treatment and control of infections caused by Clostridiun
to follow the ‘carpet’ model, wherein the compounds associate with charged molecules on CSA-15 1 1 164 currently being described from numerous USA medical centers (strain #1444, isolated in Akron, OH; NAP1). The | ‘(’]‘{”"c"l’dCE““C“;Cr:“;(““m:":?,f:"},“/i;"[”jl',/;(’ij:iMIM d diarhea: resurgence it  sengeance, R, Gastrocnterol, Disod
the bacterial membrane, forming high local concentrations. The antimicrobial aggregate — - - s following CLSI-recommended strains were used for quality control (QC): C. difficile (ATCC 70057), E. lentum (ATCC 6:79-96 B
. . . . . - - 3 . . l, i . W., iu, J. -Garcis . Evans ~ Ci G i . 2
eventually results in a depolarization of the membrane and the bacterial cell is = 43055), B. fragilis (ATCC 25285), and B. thetaiotaomicron (ATCC 29741). Compound Preparation: CSA  * DB W.N-¥in VL J Cardenas-Garcia, R Evanson, T Cirsalo M. Fan, G. Turin, and P. B. Suvage. 2004
y P g P! P: The origins of cell  of cationic steroid antibiotics. J. of the Ar
compromised. Because ceragenins mimic the behavior of endogenous antimicrobial CSA-22 8 8 2-16 compounds were obtained from the Savage Laboratory (Brigham Young University). MIC Determination: MICs were 5 Ding, B, Q Guan, 1. P. Walsh, 1. & Hoswell, . pem’dmﬂmmm‘;‘;z;;‘j"g:;dintibv;:'l‘;"-]BV-i:V’Z_ife-“f“;’S? .
peptides, they are not expected to readily engender resistance. CSA-29 256 >256 64->256 determined by agar dilution methodology according to NCCLS guidelines.® All bacterial strains (including QC strains) 669. ) B
. o o o | csa46 8 8 18 were challenged with varying concentrations of ceragenins and metronidazole and incubated at 37°C for 24 hours. 3 e it CLS! pubeatonno MI1-AC Cinies and
This study evaluated the in vitro cfficacy of nine different cationic steroid compounds CSA-54 64 128 <0.12-128 Samples were read visually to determine the MIC after 24 hours exposure. MICs were taken to be the lowest oo S it T B e st el Biochem 395478352
(ceragenins) against 30 clinical isolates of C. difficile, including the highly virulent strain, - concentration (pg/mL) at which noticeable growth was inhibited. 8 Shai, Y. 2004 Mode of action of membrane active anfimicrobial pepides. Biopolymers (Pept, Sci.). 66: 236248
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