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0 ARSTRACT

Rew polyether antibiotis AS0577, its aay) ester and
alkyl ether derivatives, and salts thereof, are useful anti-
bacterial agents and increase feed-utilization efficiency in
animals, Methods of making AN0577 by enlture of Actinomachmae
8p+s NRRL 18236, and eompositions containing an ABOST7 eompound

also are provided.
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THE NIRECTOR OF THF. PATENT OFFICE:

BE T KHTHN TUAT ROTERT L. "AMILL CITIZEN OF THE
UNTTED STATES NF AMERTCA NOMICTIEN IN GRERNWINN, TNDTANA
WHOSE POST OFFICE ANDRESS IS 617 BROOKVIEW DRIVE ANN BE IT
KNOWN THAT RAYMON™ CHE-FONG YAO CITTZRN OF THE UNITED STATES
OF AMERICA DOMICILED IN CARMEL, INDIANA WHOSE POST OFFICE
ADDRESS IS 987 HAVTHORNE TRIVE HAVE TNVENTED A NEW AND USEFUL
ANTTBIOTIC AB0577 AND PROCESS FOR ITS PROTUCTIOY OF WHICH

THE FOLLOWING T8 THE SPRCIFTCATIN:
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This invention relates tn the ncw poalycther antibiotic
ABD377 and ¥5 A new strain of Actinomadura sp., Ml 1923
’ ’

which prodices this antibintie, The structure of AIST7 is

shown in Formula 1 ¢
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This invention also relates to acyl ester and alkyl
ether derivatives of A%0577 and to the salts nf A0577 and of

the derivatives,

Another aspect of this invention is a process for
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producing antibiotic AIIS77 by cultiveting Actinomadura sp.,
NRRL 1927, or an AY)S77-producing variant, ratant or recom-

binant thereofl, in a cnlture medium containing assimilable

sources of earbon, nitropen and inorpanic salts nder submermed

5 acrobic ferrmentation cmditions wntil antibiotic ATINTT is

produced, A3D577 is extracted from the fermentatinn birath and
from the ryeelimt with orpanie solvents, A3I577 1s separated
and forther porified by fechnlques svueh as colwmn chromntse
rraphy.

A

10 tecansn Actinomadura sp,, 'MRT 123G, 95 a newly

“

. discovrred sirain, this invention further provires a biolo-
. fically pure cultnre of this microsrpanism or a rmtant, variant
. or recorbinant theresf which nroduces antihiotic ATI577.
ATD577 is a nsefnl antibacterial acent. Tt irproves
15 feed=utilization efficiency in rminants and acta as a rrowth
promotant in ruvminants and in monorastric animals, Tn addition,
0577 has parasiticidal activity an? is useful as an fono-
4 phore, Therefore, the invention also}rnlntrs tn a feed cnm-
pogition for increasinpg feed utilization efficirney in riminant
20 animals comprising animal feed and an effective amount of
antibiotic A%0577, its acyl ester or alkyl cther derivatives,
or a salt of AY577 or of the derivatives; an? 1> a process
for increasinr feed utilization cfficiency vhich corprizes

orally administering to an animal an effective amoint of these

-2-

r

i 1 BAD ORIGINAL @




AEa 3

10

20

& 70’775

comnort e,

The drauines show e fallnrine infrareod absarntion

apectra in chloroform:
pure 1 AVSTIT O (Ha calt)
Fipire 2 YMSTT (Y 5alt)

Trproved antibiotiecs eontinne to be necded in the
veterinary field. Tnhancing grouth promotion 4n animmls is one
desired feature of such antibioties. Urowth promnotion ean he
achieved by redneinp discase and by increasing foed-ntilizalion
efficiency. f particular interest is rrrowth promotion in
rminants, such as cattle,

The mechanism for utilizing the waj r nubritivs
portion (earbohyirates) of riminant feeds $s well ‘mouwn, "icroe
orranisms 1 othe rumen of the animal leprade earbohydrates to
produce monosaccharides nnd then eonvert these nonnsaecharides
to rrruvate compounds, Pvrnvates are metabolized by mierahio-
logizal processes to form acetates, butyrates ov propionates,
collactively known as volatile fatty acida (vra),

The relative efficiency of V¥A utiliration is connncted
to overall efficiency. Thns, althongh acetates and buterates
are nsed, propionates are vsed with preater efficieney. Also,
the fermentation efficiency of propionate production is creater
than that of butyrate or acetate, This is in additinng ta the

ntilization efficicnn,;, A hennaficial compowd, therefore,

S —
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stirmlates animls to produce a hicher provortion of proplonates
from carhohydrates, thereby inereasine carhohydrate-ntilization
nflficiency.

20577 is a new member of the pronp of polyether
antibiotics. Testley (John ‘7. Yestley, "Polyether Antibiotics:
Uatnrally “ccurring Acid Tonophores, Vol. 2, Chemistry, "iarcel

Nelzar, tew York, 1987 Jonrnal of Natwvrnl roducls, Lw(1), 25

119337) has separated existing polyethers by.elass and type,
"ging estloy's system, A30577 is a new member of the Class |
pronup of polyethers, This pronp inelndes tetronomyein, which

is fescribed in J. Antibiotics, 1h2 (1982), and 11179403, which

is described in J. Chem. 5oc., Chem, Comm., 1073 (19731) and

1,5, Patent lo. 11,279,349,
A7 {(in its sotium salt form) hag the follow inc
characteristics:
State: white crystals (from acetone-water)
mp:  (Na Salt) 276-279°¢C.
(X 5alt) 270-272°C,
llolecnlar weight:s 732 by field desorplion
mass spectpometry (FMS): 760 for acid fornm,
[6(_725n= -19.03 (¢ 5, te 1)
'lo titratable groups (467 TNF)
Fmpirical formula: "h2wﬁ3q12”3

IV max: EThanol nevtral 252 nm (€ = 17,735), 70 o

h-
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(«

i

19,993)

acidic 2%0 nm (¢ = 1)4,715), 282 nm

(r

n

7,971)

basic 209 nm (£ = 192,722), ?i%% nm

M (¥a salt,

153, 1439,
IR (% salt,
287h, 1750,
1079, 1059,

Solubility:

(¢ = 15,968), 286 nm

(e
cu013): 018, 2966, 2931, 1750, 1611,

9,665)

1219, 1022 and 1012 em™1 (sce Fig. 1)
CHClB): 3023, 3019, 2967, 296L, 2930,
1650, 1h51, 137, 122L, 121, 1210,
1922 and 1012 cn™ (see Fip. ?)

llot very soluble in water; soluble in
dimethyl sulfoxide, dimethylformamide,
lower aleohols such as mothanol, ketones
such as acetone, esters such as ethyl
acetate, halopenated hydrocarbons such
as chloroform and hydrocarbons such as
diethyl ether, benagene, toluene and

warm hexane.

Based on its physical characteristics A80577 is

believed to have the structure shown in formula 1. As is appa-

rent from its structure, ABO577 is a charged molecule and is

capable of forming salts. AB0577 also has up to four hydroxyl

groups which can be esterified or which can form ether deriva-

tives., The acyl ester and the alkyl ether derivatives of AR0577,

BAU L"’“un 'Y
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and the pharmacentically-acceplable salts of A90577 and of these
derivatives are also useful as antibiotics and as apents which
increase feed-utilization efficiency.

The term "an AB0S77 compomnd" 1s used herein to
designate antibiotic AB0577 (formula 1), an acyl ester or an
alkyl ether derivative of antibiotic A80577 or a pharmaceuti-
cally acceptable salt of antibiotic ABO577 or of its acyl ester
or alkyl ether derivatives,

Antibiotic ARO577 is produced by a culture of an
A80577-producing strain of Actinomadura sp., NRRL 18236, as
described herein. The antibiotic is produced under submerged
aerobic conditions in a suitable culture medimm; it can be re-
covered from the culture medium by using various isolation and
purification procedures understood in the art,

A culture of the ARO577-producing organism has been
deposited and made part of the stock culture collection of the
Ndwest Area Northern Regional Research Center, Agricultural
Research Service, '".3. Tepartment of Agriculture, 1815 North
University Street, Peoria, I1linois 6160L, from which it is
available to the public under the accession number NRRL 18236,

Taxonomic studies of this organism were carri.d out
by Frederick P, Mertr of the 1illy Research Laboratories., Rased
on these studies, the organism belongs to the penus Actinomadura
[ Techevalier and lechevalier, 1970, In Prouser, H. (ed.). The

Actinomycetales. VEB Gustav Fischer Verlag, Jena, pp. 393-!;05_7.

I .
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The methods recommended by the International Streplo-

myces Project (ISP) for the characterization of StreptOvmceq

spacies ZTE.B. Shirling and N, Gottlieb, "iethnds for Charac-

terdzation of Streptomyces Species", Int. J. Syst. Bacteriol.
}ﬁ(B), 213-300 (1966);7 have been followed,

Melanoid pipment production (chromorenicity) was
determined with TSP No. 1 (tryptora-yeast extract broth), 18p
No. 6 (peptone-yeast extract iron agar), and ISP Mo, 7 (tyro-
sine agar).

Starch hydrolysis was determined by testing for the
presence of starch with iodine on ISP No. Ii (inorganic salts-
starch apar) plates.

l'orphology was studled using an optical lirht micro-
scope., A scanning electron microscope (3il1) was used to study
the spore surface ornamentation,

IC35=NBS Centroid Color Charts, standard sample Mo,
2106 (National Bureau of Standards, 195%, '.5. Tepartment of
Commerce, Waghington, M.C.,) and the Color Harmony Manual (Lth
ed., Color Standards "epartment, Container forporation of
America, Chicago, Illinois, 1958) were used to assim color
names to the reverse side and aerial spore mass respectively,

The 1somers of diaminopimelic acid (NDAP) and the
carbohydrates in hydrolysates of whole cells were established
by the chromatographic methods of Becker et al, Z_H. Becker,

M.P, Lechevalier, N.F. Gordon, and N,A, Techevalier, "hapid

7=
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Mfferentiation between Nocardia and Streptomyces by Faper

Chromatography of hole-cell Hydrolysates", Appl. I'icrobiol.

12, h21-h23 (1961) "7 and of lachevalier /1. P. lechevalier,
and H. lechevalier, "Chemical Composition as a Criterion in
the Classification of Aerobic Actinomycetes", Int. J. Syst.
Bacteriol. 20, li35-Lkh3 (1070)_7.

Resistance to antibiotics was measwured by padding
antibiotic sensitivity discs onto the surface of seeded ISP Ho.

2 apar plates.

Cultural Characteristics

Culture A8D577 prew well ou both complex and definad
media. The aerial spore rass was moderately formed, and was
white. The reverse side was yellowish white to pale yellow.

Yo distinctive pigments wore observed. lo soluble pipments
were observed, except for a light yellow browm pigment in
several media, Thege cnltural characteristics are riven in

Table T,

8=
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Cultural Characteristics of A%0577 at 30°C

27078

13 Jays incubation

3+ Abundant G: talr
ISP R A8.d.Y Czapek's R: 92,y White
HNoe 2 C: Trace: a Vhite Am: tair: a ‘hite
Spr !one to l.y tr Sp: tone
G: Tair Tomato (t+  Poor
I3P Re 922,y Yhite Pagte R: AB,4,Y
No. 3 Am: Fair: a White Matmeal Am: Toor: a White
Sp: None Apar Sp: None
G: Good G: Good
ISP Re 92,y Vhite Potato Rt A9.p.Y
Hoe Am: Good a White Cérrot Am: Good: a 'hite
Sp: lone Apar Sp: lone
G: Abundant 0: Poor
T3P Rt 89.p.Y Jensen's R: 92,y ihite
Noe 5 Am:  Good: a “hite Arar Am: Poor: a “hite
Spt  lone Sps None

e
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G: Good G: Good
15P R: 90.gy.Y Glucose I: 89,.p.Y
Noe 7 Am: lone Asparagine Am: Good: a ‘/hite
Sp: None Sp: None
G: Good G: Trace only
No. R: A9.p.Y 0lycerol R: -
172 Am: Good: a white Glycine Am: -
Sp: Hone Spe -
G: Hot grown 3G: Abundant
Tap R: - Yeast R: A7.m.Y

Water Am:

Agar Sps

Nextrose Am:

Apar Sp:

vair: a Yhite

None to l.yBr

Emersonts Rt
agar Am:

Sps

Abundant
87 Y
Trace: a White

None to l,yBr

G = Growth; R = Reversey Am = Aerial mycelium; Sp = Soluble Pigment

<10~
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llorphological Characteristics

Culture AM0577 produces an extensive substrate mycelium,
Yoderately forme:d aerial hyphae produce clusters of tightly
packed short chains, arranred in fectus-flexibilis (RF) morpho-
logy. This morpholopy is typical of the penus Actinomadura. The
apore shape 18 spherical, spore sizc averapes 0.8 ym, ans the
spore surface has a Mstinctive rranular appearance, The spore

chain contains less than 10 spores per chain.

Physiological Characteristics

Malvsis of hyrolyzed whole cells indicates the pre-
sence of meso-diaminopimelic acid. Madurose was detedted in the
whole cell extracts. Galactose, plucose, mannose and ribose vere
also detected, The cell wall is type JITI and the supar pattern
is type D, CGalactose is not atypical of type D supar pattern.

Culture A0577 utilized thc.following carbohydrates:
adonitol, N and Learabinose, cellobiose, duleitol, ethanol,
j-erythritol, n-fructose,D-galactose, glucose, plycerol, gly=-
cogen, i-inositol, N-mannitol, D-mannose, N-melizitose, N-
melibiose, l-rharmose, D-ribose, mucrose, N-trehalogse N-xylose
and sodium butyrate., It was nnable to utilize: cellulose,
dextrin, inulin, D-lactose, N-maltose, K=-methyl-D-glucosie,
Neraffinose, salicin, sorbitol, l-sorbose, and xylitol, Control

plates with no carbohydrates supported a minimal growth,

wlle
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Culture ABOS77 grew in a temperature range of 18-45°C,
optimum growth appeared to be between 30 and 37°C. AB80577 tole-
rated up to 4% NaCl, produced catalase and reduced nitrates. It
did not hydrolyze starch.

AB0577 was resistant tot: bacitracin 10 units, cepha-
Jothin 30 ug, lincomycin 2 ug, oleandomycin 15 ug, penicillin
G 10 units, rifempin 5 ug, and tetracycline 30 ug, It was
sensitive to: gentamicin 10 ug, neomycin 30 ug, streptomycin
10 ug, tobramycin 10 ug and vancomycin 30 ug.

The chemotaxonomic properties and the general cultural
and sorphological characteristics of AB0577 support the assign-
ment of this strain to the genus Actinomadura. No attempt to
determine the species was undertaken. Therefore this strain is
classified as Actinomadura sp. A80577.

A8 is the case with other organisms, the characteristics
of the A80577-producing culture Actinomadura sp., NRRL 18236,
are subject to variatifm. Recombinants, mutants or variants of the
strain may be obtained by methods known in the art. For example,
mutants can be obtained by treatment with various known
physical and chemical mutagens such as ultraviolet light,

X-rays, gamma rays and chemicals such as N-methyl-N%-nitro-N-
nitrosoguanidine. All natural and induced variants, mutants and
recombinants of this Actinomadura sp. strain which retain the
characteristic of A80577 production are part of this invention.

The culture medium used to grow Actinomadura sp.,

NRRL 18236, can be any one of a mumber of media, For economy im

—12—
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produetion, optimal yleld, and ease of product isnlation, hor-
ever, certain cnlture media are preferred, For example, a pro-
ferred carbohydrate source in larpn-senle fermentation isa
rlncose, althouph blackstrap mnlasses, starch and the like ecan
also be nzad,

A preferred nitrosen source is enzymehydrolyzed canein,
although other nitrogen sources shouls also be usefnl,

Among the nutrient inorganic salts which may advanta-
reously be incorporated in the enlture media are the customary
soluble salts capable of yleldinm zine, sediw., ragnesjwm,
rnlelum, armonium, chloride, carbonate, sulfate, nitrate and
1ike ions,

Fisgential trace elements necessary for the growth and
development of the organism should also be inclnded {n the
culture medium, Such trace elements commonly occur as impurities
in other substituents of the medi'm i{n amounts sufficient to
meat the prowth requirements of the organism. 1f foaming is a
problem, small amownts (1.e, 0,2m1/L.) of an antifoam agent such
as polypropylene glycol mar he added to larpe scale fermentation
media if neaded,

For production of subatantinl quantities of antibiotic
A%0577, submerged aerobic fermentation in tanks is preferred,
Small quantities of A1I577 may be obtained by shake-flask culture.
Pecause of the time lag in antibiotic production commonly

associated with inoculation of larse tanks with the spore form

-13-
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of the orpanisn, it is preferable to nse a vepetative inoculrm,
The vegetative inoculum is prepared by fnoculating a small

volume of culture medium with the spore form or mycelial frag-
ments of the organism to obtain a fresh, actively prowing culture
of the organism, The vepetative inoculum is then transferred to
a larger tank. The vegetative inoculun medium can be the same

as that used for larper fermentations, put 6ther madia are also
suitable,

A%0577 4s produced by Actinomadura sp., when growm
at temperatures between about 250 and about 37°C. A good tem-
perature for 270377 production appears to be about 30°C,

As is customary in submerged aerobic culture pro-
cesses, sterile air is blown into the vessel from the bottom
while the medium is stirred with esonventional tinrbine $1sellinrs,
In general, the aeration rate and apitation rate should be
sufficient to maintain the level of dissolved oxygen at or
above 1307 of saturation.

Production of antibiotic ABO577 can be followed
during the fermentation by testing samples of the broth for
antibiotic activity apainst organisms known to be sengitive
to antibiotic., One assay orpganism ngeful in testing A30577

18 Bacillus subtilis ATGC 6633, The bioassay is convenicntly

performed by the apar-well plate test.
Following its production wunder submerped aerobic

fermentation conditions, A93577 can be recovered from the

-1h-
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fermentation medium by methods used in the fermentation art.

The antibiotic activity produced during fermentation of the
AR0577-producing organism occurs both in the mycelia and the
broth. Maximum recovery of AB0577 is accomplished, therefore,

by initially filtering the medium to separate the broth from

the mycelial mass, The filtered broth and the mycelial mass

can then be purified separately to give their respective portion
of AB0577. A variety of techniques may be used in this puorifi-
cation.

A preferred technique for purification of the filtered
broth involves adjusting it to a pll of about 9 and extracting
with a suitable solvent such as, for example, ethyl acetate.
The extracting solvent can then be evaporated under vacuum to
glve the broth portion of A80577.

A preferred method of purifying the mycelial mass
is to extract the separated mycelial filter cake with a suit-
able solvent such as, for example, acetone, The extracting
solvent is then evaporated under vacuum to give a concentrated
aqueous solution, This aqueous solutlion is then adjusted to a
pH of about 9 and is extracted with a suitable solvent such
as, for example, ethyl acetate, The extracting solvent 1s then
concentrated under vacuum to give the mycelial portion of
AROST77.

The broth and mycelial portions of the A%0577 complex

are further purified by similar procodures. A preferred procedure

-15-
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involves silica el chromatography.

Separation of antibiotic AB0577 ean be followed by
thin-layer chromatography (TLC) or high performance 1iquid
chromatography (MPIC). Convenient silica rel TIC asolvent systems
are ethyl acetate, ethyl acetate :ncetonitrile:ammonium hydro-
xide and tolnene:acetonitrile:acetic acid. Freferred silica el
solvent sysicms are ethyl acetate, ethyl acetatesacetonitrile:
ammonia (9039:1) and toluene:acetonitrile:acetlie ncid (h0:59:1).,
Polyamide plates alsn may be conveniently used with an acetone:
water:ammonia solvent system, preferably in the ratio 30:69:1.
The antibiotic can be detected by bioautosraphy using, for

example, Facillus subtilis or by other methods such as, for

example, vanillin-sulfuric acid spray reagent.

Alternatively, the culture solids, inclnding medium
conastituents and mycelium can be uscd withont extrastior or
separation, but preferably after removal of water, as a source
of AB0577. For example, after production of AS0577, the whole

fermentation broth can be dried by lyophilization, by drum-

" Arying, or by azeotropic distillation and drying. The dried

broth is then mixed directly into feed premix,

The salts of AR0577 and of its derivatives are usefnl
for separating and purifying the antibiotiecs. The pharmiceuti-
cally-acceptable salta are particularly ugeful, Fxamplas of
salts are the alkali-metal and alkaline-earth-metal salts of

AB0577 and of its derivatives,

~16=
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Representative and suitable alkali-metal and alkaline-
carth metal salts of A%2577 include the gsodium, potassium,
1ithium, cesium, rubidim, barium, caleium and magnesium salts,

Tt 1s well known in the veterinary pharmaceutical art
that the form of an antibiotic 3s not ordinarily of pgreat sirni-
ficance when treating an animal with the antibiotic. In most
cases, conditlons within the animal change the drug to & form
other than that in which 1t was administered. The salt form in
which it may be administered is, therefore, not of preat sieni-
ficance. The salt form may, however, be chosen for reasons of
economy, convenience, and toxicity.

The alkali-metal and alkaline-earth-metal cationic
salts of AR0OS77 are prepared according to procedures commonly
used for the preparation of cationic salts. For example, the
free acid form of A%0577 is dissolved in a suitable solvent
guch as acetonej about 1/2 volume of -water 4s added and this
solution is adjusted to a pt of abont 9 to 10 with the hase
of the desired cationic salt (e.p. Na"li, ¥nit), The salt thus
formed can be isolated by routine methods, such as filtration
or evaporation of the solvent,

A preferred method of forming salts is to dissolve
ABOS77 (acid form) in a solvent such as tetrahydrofurans add
an equal volume of waters; adjust the mixture to pil 10 with
the corresponding cationic base (e.g. NaoH, KOH, etc,); and

extract with a water immiscible gsolvent such as diethyl ether

-17-
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or ethyl acetate. The separated organic phase 1g washed with
water and concentrated to dryness. The residue is lyophilized fron
dioxane. The salt can be crystallized from an appropriate solvent,
guch as acetone.
The alkyl ether derivatives of AROSTT are those come
pounds wherein one or more of the hydroxyl proups has been re-
placed by a YR group whereint
Y represents O or S3 and
R represents Cl—CG-alkyl,
Cl-Ch-alkoxy-Cg-Cs-nlkyl,
Cl-Ch-alkoxycarbonyl-cz-cs-alkyl,
Amino—GZ-CS-alkyl,
mercapto-Cz-Cs-alkyl,
hydroxyalkyl,
haloalkyl, or
(ne )m-phenyl(cn2 )n"

wherein R' represents Cl-Ch-alkyl, Cl-Ch-alkoxy, or
hydroxy
m represents 0-23 and
n represents 0-3.

The term "alkyl" means a Cl to C7 atraight or branched
chain hydrocarbon, preferably a Cqto Ch hydrocarbon, €.f.,
methyl, othyl, propyl, 1sopropyl, n-butyl, etc.

The term "alkoxy" means & Cy to 07 lower alkyl sroup

having an oxygen function substituted therein, such as methoxy,

~18-
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ethoxy, propoxy and the 1like,

The term "hydroxyalkyl" refers either to a monohydroxy-
Cl-Cs-alkyl moiety or, when Y is 0, to the 2, 2=dihydroxyprop-1-
yl molety.

The term "haloalkyl" refers to a Cz—CS-alkyl moiety
having from one to three halogen substituents, selected fronm
the grouwp consisting of bromine, chlorine, and fluorine. 'hen
the alkyl moiety is dihalo- or trihalo-substituted, the halo-
substituents must be the same halogen moiety.

Preferred ABO577 ether derivatives are those compounds
wherein Y represents O and R represents Cl-ﬂ6—n1ky1. The ethor
derivatives are preparad by reacting A80577, or a salt thereof,
with a corresponding primary alcohol or thiol,

With some of the starting alcohols or thiols it may
be necessary to add an acid catalyst to the renction, Svitohle
catalysts include hydrochloric acid, ‘sulfuric acid, perchloric
acid, methanesulfonic acid, benzenesulfonic acid, toluenesulfonic
acid, selenium dioxide, and boron trifluoride.

A solvent such as, for example, water, acetone, ben=-
rene, ether, tetrahydrofuran, or dioxane may bo added to faci-
1itate the reaction, Reactions generally occur at room terpe~
rature, although higher temperatures may be used,

The acyl ester derivatives of A%0577 are those cor-
pounds wherein one or more of the hydroxyl groups has been

replaced by a radical of the formula

=19~
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R1-0-0~
wherein Rl is Cqy to Cg=allkyl or hydropen.

A10577 acyl ester derivatives arc preoared by treating
ABOS77 with a corresponding acid anhydride or acid chloride.
Esterification occurs at one of the AJUST7 hydroxyl groups. Such
esters are typically preparecd by reacting A0577 with, for
example, the corresponding acid anhydride at room temperatwre,

Although ordinary reaction worlt-up procadures are
somatimes sufficient, additional prrification may be required
to obtain the compounds of this invention. Such parification
may be accomplished by well-known methods, such as, for example,
colum chromatography, thin-layer chromatography, fractional
crystallization and the like.

The ARDS577 compounds inhib;t the growth of bacteria
which are pathopgenic to animal 1ife, For example, Table ITI
shous the minimal inhibitory conocentration (MIC) at which
ABOS77 inhibits certain organisms. The i1C's in Table III were

determine by conventional agar-dilution assays.

«20-
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Table 111:

Antibacterial fctlvity of 130777 (M2 aslt)

Test Oryanism e (meg/ml)
Staphylococcus aureus X1,1 0.5

" LIRS 0.5

" " xhoN 045

" " 513 0,5
Staphylococcus epidermidis 11l 0.5

" " 222 0.5
Streptococcus pyogenes €203 0.125

" pneumoniae Farkl 0,125

" LI (34 0.5

" " 2901 0.5
Haemophilus influvenzae 32.128
Other Cram-nepative bacteria tested > 128
Veterinary Organisms
Staphylococcus 8pe ¢ 0405
Streptococcus sp. (0,05
Pasteurella multocida 1.56
Pasteurella hemolytica > S0
Bordetella broanchiseptica > 50
Mycoplasma gallisepticum 0,778
Mycoplasma hyopneumoniae 1,56
Escherichia coll » 50
Salmonells typhimmxrium > 50
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The A%0577 compounds also are active apainst anaerobic

bacteria. Table IV shows the MIC's at which ABDOS77 inhibits vori-

ous anaerobic bacteria, es determined by astaniard apn

assay. Fnd points were read after 2li=hour incubation.

Table IV: Susceptibility of Anaerobic Racterial Tsolates tn

A30577 (Na salt)

r-dilution

Anaerobic Bacteria 110 (mep/mIL)
Clostridium difficile 299k <0.5
Clostridium perfringens 91 < 0,5
Clostridium septicum 1127 {045
fubacteriun cercfaciens 12135 < 045
Peptococcus asaccharolyticus 1302 < 0,5
Peptococcus prevoti 1281 < 2,5
reptostreptococcus anaercbius 1428 {2.5
Peptostreptococcus intermedius 1621y < 0,5
Propionibacterium acnes 79 <045
Bacteroides frapilis 111 ¥128
Bacteroides fragilis 1877 >128
Bacteroides fragilis 1936B >128
Nacteroides thetaiotaomicron 1h33 N
Bacteroldes melaninogenicus 1956/28 1.0
Bacteroides melaninogenicus 2736 16

Bacteroides

vulpatis 1211

«22=
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Anaerobic Bacteria 11C (meg/ml)
Racteroides corrodens 137h >121
Fugobacterium symbiosum 1170 0,5
Fusobacterium necrophorum ~05HA 0,5

The acute toxicity of A80577 in mice, when administered
by intraperitaneal injection and expressed as L“SO’ was 52,3 mp/
e

Another important property of the A%0577 compowndr is
the ability to improve feed-utilization efficiency in animals,
For example, the ABOS77 compownds improve feed-utilization
efficiency in ruminants which have a daveloped rumen function,

The efficiency of feed use can he monitored by
obgerving the production and concentration of propionate com-
pownds in the rumen using the method described by Arthur P, Raun
in U.S. Patent 3,794,732 (see especially Example 5). Table V
shows the effect of compound AS0577 on ruminant feed-utilization
efficiency, Table VA, shows the relationship between dosare of
A80577 and propionate production, Table VB, shows the ratio of
volatile~fatty-acid (VFA) concentrations in AB0577-treated

flasks to concentrations in control flasks in this test.

.23
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Table V: &ffect of A8DS77 (Ma Salt) on

nfficiency
Ao
Propionate
Produetion, mM/d
Nosape, ppm thgrvntions V'ean Std, Tev.
0 Pl 0.6 1.k
N, 1L 1.3 1.7
0.2 1h 1.9 T h
1.0 1L 22,2 3.0
5.0 1h 21.0 2.1
B.
Ratio of Treated to Control Values
Nosage Molar % Molar 7 tolar ~ Total wTA
meg/mL Propionate Acetate Butyrate mit/L
1.0 1.532 0.5 0.75h 0,858
2.5 1,159 0,751 0,827 0,823
5.0 1,562 0,799 2,939 0,773
10,0 1.709 0.772 0.729 0,876

1503 two-tailed t-test; significant at PERUY C3:>99

percent upper cnnfidence limit

2=

,9707:;
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The ANOST7 compounds are typically effective ir
increasing propionate and, thereby, improve the efficiency of
feed utilization when adminigtered to ruminants orally at rates
of from about 0,01 mp/ke/day to about 1.0 mp/«p/day. Freferable
rates of administration are (rom about 0.06 me/kg/day to abont
0.35 mg/kg/day. A preferrcd method of administration is tn mix
the compound with the enimals! feed, Feed compnsitions adapted
to increase feed utilization in ruminant animals typically
comprise a feed ration and from 0,5 to 50 rrams of an AR0OSTT
compound per ton of feed, preferably 2 to 15 rrams per ton.

As described supra, AROS77 conpounrs are active apainst

anaerohic tacteria, incluiing Clostridium perfringens. AROST7

compounds shonld, therefore, be beneficial in the treatment of
(which includes prevention of ) enteritis in chickens, swine,
cabtle and sheep. #0577 compouns anoald also ve usetul in the
treatment of cnterotoxemia in ruminants.

Ihe ABOS77 compounds can he adninistered to animals
orally or parenterally. The most practical way to administer
the ABNSTT componnds is by formulation into the feed supply. A
variety of feeds, inelnding the common rry feeds, liquid fecds,
and pélletod feeds, may he wsed. Although the preferred method
of administration is by mixing 1t with tha animals' feed, it
can 8lso be a‘ministered in other ways, for example, tablets,
drenches, boluses, or capsules, hach individnal dosapre mMit

shouls contain a quantity of AR0S77 compormd Alrectly related

-5
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to the proper !nily ddoze for the animal to be treated,

The methods of farmalating Jrugs into animal foede are
well knowm. A preferrcd mathad is to make a concentrated Arup
premix which in turn is wsed to preparc meticated feeds. Typieal
prenires may contain from about 1 to about 200 prams of ‘rng per
pownd of premix, Premixes mov be either liquid or solid prepa-
rations,

The finnl formulation of feeds for animals will epend
upon the amount of drug to be administered, The common methods
of formmlating, mixing, nnd pelletinp feeds may bo used to pre-
pare feeds containing an ARO577 corponnd,

The AR0577 compounds may be formulated for parenteral
a‘ministration by methods recognized in the veterinary pharma-
eceuticnl art. Tffective injectable compositions containing the
AROS77 compounds may be in elither auspenaion or solution form,
In the solution form, the A90577 compomnd is dissolved In o
physiologirally accoptable earrier. Such carriers comprise a
sultable solvent, preservatives snch an benzyl aleohol, if
needed, and buffers. V'sefnl solvents include, for example,
alcohols, plycols, or inert oils such ac vegetable oils or
highly refined mineral oils.

Injectable suspension compositions are prepared using
a nonsolvent for the compound with adjuvants, as a carrier, The
nonsolvent can be, for example, water or a flycol such as poly-

ethylene glycol.

=26
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Suitable physiologically-acceptable adjuvants are
nocessary to keep the componnd suspandad in anspension compont-
tions. The adjuvants may ba chosen from amonn thiekrners anch
as carboxymethylecellulose, polyvinylpyrrolidone, pelatin, and
the alpinates. iny surfactants are also usefnl. for enspending
the compounds, lecithin, alkylphenol polysthylene oxida addnets,
naphthalenesulfonates, alkylbenzenesulfonates, and tho palyovy-
ethylene sorbitan esters are naeful saapendine aegonts dn 1iauid
nonsolvents.

l‘any substances which affect, the hydrophilicity,
density, and surface tension of the liquid nonsnlvent can assiat
in making injectable svspensions in individnal cases, For axample,
silicone antifoams, glycols, sorbitol, and surars can be nseful
suspending agents,

In order to illuwstrate more fully the operaticn of

this invention, the following examples are provided:

-27-
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Exariple 1

Creparation of Antdliotic AOSTY

Msing Actinomadura sp.,

g A. Shake-flask TFermentation ol Actinomadura sp.,

The cultnre Actinomadura sp., 'MRI 11235, either as
a lyophilized pellet or as a suspension maintained in liquid
nitrogen, is used to inoculate a vemetative redinm havineg the

10 following composition:

Vepetative or Seced ledlum

Ingredient Amount (g/L)

Nlucose 10.0
50luble starch ’ 20,0

15 Fnzyme=hydrolyred caseins 5.0
Yeast extract 5.0
Ca003 1.0
"elonized water 0.8, 1 liter

#}l-Z Amine A, Humko~theffield Chemieal,

. 20 Horwich, MJ.

2B
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Slants or plates are prepared hy addins 2,57 apnr to

the seed medium, The inoculated glant 1s incubated at 30°C. for

from about 10 to abont 1 fAnya, The mature slant culture is

scraped with a sterile tool to lnosen the spores and removn

and macerate the mycelial mit, About onc-fourth of the loosnned

spores and culture growth thus obtained is used to inoenlats 50

mlL of a first-stape seed medium,

The inoculated first-stape medium is Incnbated in a

250-ml Erlenmeyer flask at 20°C, for about 72 hours on a shaker

orbiting in a two-inch (5.08% cm) circle at 25D rpm,

This incubated first-stapge medium (1,20 mL) 1s naed

to inoculate S50 ml of a prodnction medium having the follouing

composition:

Ingredient

Glucose
Blackstrap molassas

Yeast extract

“nzyme-hydrolygnd caseins

HES0), (anhydrous)
CaCUB

Tap water

meZ Amine A,

PO

Amownt (g/1.)
25,0

15.0

q.8. 1 liter

BAD CRIGINAL &4
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The frnmniated - rodoatiog e 2lam fs dnestarted o
250eml, wlcneronth Nplenroyor fag’o pf 7000. tor O Lo 10 dhes on

a ghaver arbiting In a teeoineh cirele at 250 rpm,

R. Tank Fermentation of Actinomadura sp.,

In order to provide a large volume of inoculvm, 10 nl,
of incubated first-stapge medium, prepared as described in Section
A, 45 used to inoculate h0O ml of a sccond-stage prowth me-ium
having the same composition as that of the first-stape mediim,
This second~stare vegetative medimm is incubated in a two-1itay
wide-mouth rleumeyer flask for about L hours at 0°¢, on a
ghaker orbiting in a two-inch circle at 250 rpnm,

Tncubated second-stape vegetative medium (40O ml) thus
propared is used to inoculated 100 liters of sterile production
medium, prepared as deseribed in Section A except that 1-2000
(0.1 m1/1) and Sag L71 (0.2 /1) antifoam agents are added, The
jnoculated production medium is allowed to ferment in a 165-
liter stirred fermentation tank for I to & days at a temperature
of 30°C. The airflow (0.5-0.6 v/v/m) in the stirred vessel (200-
250 rpn) is adjusted to rmaintain a dissolved oxygen level ahove

307 of air saturation,

a0 8
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Exaggle 2

Isolation of A%0577 Sodium Salt

Combined fermentation broth (187 L) from two 100 L
fermentations was filtered with the aid of 3% Hyflo Supercel.
The mycelial filter cake was extracted twice with 0 L acetona.
The acetone extracts were combined and concentrated in vacuo to
rermove the acetone, The concentrate (20 1.) was combined with
the broth filtrate (162 L), the solution was adjusted to pH
9,0 with 50% NaOil and extracted with 125 L ethyl acetate. The
ethyl acetate extract was concentrated in vacuo to a residue
which crystallized upon standing at 59¢, The crystals were washed
sequentially with pentane, acetonitrile and diethyl ether and
dried in vacuo. A yield of 36,4 prams of white crystalline A0577
sodium salt (m.p. 275-2780C) was obtained.

The crystals were recrystallized by dissolving 1.0 ¢
in 100 ml acetone, adding 100 ml H20 and allowing to stand at
50C for 72 hours to erystallize. Crystallization was completed
with the further addition of 100 ml of watersacetone (3:1). The
crystals were filtered of f and dried to yield 788 mg (m.p. 276~
278°C).

Further recovery of AROS77 sodium salt from the com-
bined above washes and mother liquor was achieved by concen-
trating the solution to dryness, dissolving in 250 ml toluene

and applying to a colum containing 2 I, of silica pel {Grace

-3N-
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Grade 62) packed in toluene. The column was washed w ith 10 1.
toluene and then developed sequentially with 10 L toluene :ethanol
(98:2) and 10 L toluene:ethanol (96:14) collecting 1 L fractions.
The elution was followed by TIC and binassay using Bacillus
subtilis. Fractions 113-18 containing AB0O577 were combinad and
concentrated in vacuo to a residue which was washed with dirthyl

ether and dried to yleld 2.3 5 of amorphous AB30577 Na.

Example 3

Proparation of Af0577 Free Acid

A80577 sodium salt (1 g) was dissolved in 100 ml ace-
tone and 0.,1N 1IC1 (100 ml) wms added. The solution was stirred
for 15 minutes. The solutioh was extracted twice with ethyl
acetate (100 mL each), The ethyl acetate extracts were combined
and concentrated in vacuo to an nily residue., The residue vas
dissolved in dioxane (50 mL) and freeze-dried to yleld 0,9 g of

A%0577 acid,

Lxample I

Preparation of A30577 Potassium Salt

AB0577 (acid form, 100 mg) was dissolved in tetra-
hydrofuran (20 mL). Water (3 ml) and 2N XOH (6 mlL) were added

and the mixture was stirred for 15 minutes. Vater (30 mL) was

-
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ndded and the solution vms exbracted tulee with diethyl etlrr
(40 ml each). The corbined axtracts wnre cvaporsted sndey wnenum
to dryness, The resicuc yre Aiesalved in disvan~ and freavs.iried

to yleld 100 mg of ATIST7 as the potassivm salt(m.n. 2711-272°1),

-3
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CLATIG ¢

1, Antibiotiec AROG77 which has the Formla 1

\WtJi‘”mb““<\/i p\;> (/"

Ng’ /_— ({ 0/‘ ' Mo 1 H
no"
;““"?u Cli O
HOHAG DG,
1
HaC AN n*
0

or a pharmaceutically acceptable salt thercof.

2. A compound of Claim 1 which is the sodium s8alt of ARDSTT,

..

l
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