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Lipophilic Enantiomers of Desacetviclhucosamine Muramv] Dipeptide
with Anti-Inflammatory and Growth Promoting Activity

CROSS REFERENCE TO PRIORITY APPLICATION
This application claims the benefit of U.S. Provisional Application Serial No.
63/000,364, filed March 26, 2020, titled “Lipophilic Enantiomers of Desacetylglucosamine
Muramyl Dipeptide with Anti-Inflammatory and Growth Promoting Activity,” the entfire

contents of which are hereby incorporated by reference.

FIELD
The field of the present invention relates to hipophilic muramyl dipeptide enantiomer
composttions and methods for reducing nflammation, promoting growth and enhancmg feed

conversion i animals includmg humans.

BACKGROUND

Muramyl dipeptide (MDP) 1s the munimal structure that is preserved m all bacterial
peptidoglyeans (PGN). It consists of N-acetyl muramic acid {ether of N-acetvlghicosamine and
p-lactic acid} hinked with peptide bonds to L-alanine and D-y-ghitamate or D-isoglutamine
{MacDonald 2005).

PGN has long been known to promote an mftammatory response. The MDP
subcomponent of PGN was found to be the minimal chemical strocture required to ehicit
miflammation. MDP 1s also required for the adjuvant activity of Freund’s complete adpmvant, an
emulsion of a myvcobactenial extract (MacDonald 2005). As an adjuvant, MDP promotes a
strong immune reaction that s used fo boost the effectiveness of vaccines when mjected together
with vaccine antigens,

While stinmlating extramntestinal mflammation, MDP has anti-inflarnmatory effects in
the intestinal fract, and protects puce from experimentally mduced colitix {Watanabe 2008,
Watanabe 2014}

The intestinal anti-inflarpmatory properties of MDP provide opportunities for

therapeutic applications {Sirober 2013}, However, MDP is hydrophilic and rapidly removed via
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kidaey excretion from circulation, thus requiring lugh-dosed and repeated administration i order
to mediate nonspecific resistance to mfection or adjuvant activity {(Fogler 1985}

These unfavorable pharmacokinetics and serious side effects prompted many chenucal
madifications of MDP fo correct for these shortcomings. Most successful among thoxe were
lipid modifications of MDP that increased both potency and half-life of MDP (Parant 1989,
Matsumoto 1983; Fogler 1985},

Covalent lipid MDP conjugates thus have demonstrated several advantages mcluding
mmproved oral bicavatlability, enhanced umor targeting and therapeutic potency, reduced
toxicity, and enbhanced diug loading nto debivery carrters such as liposomnes (Fidler 1987; Irby
2017}

Surprisingly, the complete mnwamyl dipeptide molecule 15 not reguired for biological
actrvity with lipophilic conpugated MDP. Even the v-alanine-p-isoglutamine dipeptide MDP
motety withont N-acetyl muramic acid retains inmunomodulating activity of MDP, when
covalently conpgated to lipophilic moieties. For mstance, Gobec {2016} snccessfully replaces
N-acetyl muramyd with acvl moteties m acyl-glveme-r-alanine-p-glutamate MDP analogs.
Penney {1999} removes the muramyl moiety altogether in octadecyl L-alanine-p-1soghntamine
that still retamns strong immunomodulating activity.

Furthermore, both Peaney (1999) and Gobec {2016} demonstrate that D-1isoglutamme
can be replaced n the hpophiic desmuramyl dipeptides with p-glutamme or p-glutamate without
loss of function.

Enhanced growth m animals 1s measured either by growth i mass per unit of time or
by growth m mass per unit of nutrifion; the lafter is sometimes referred to as feed conversion.
Promotion of growth by either measure is economically uxeful in the production of ammal
protein for consumption by hinnans and other annuals because it reduces the amount of time or
feed reqaured to obtain equal gains in body mass.

Antibiotics fed at subiahibitory doses have been used for a long tune as growth
promoters to enhance growth in agriculiural production anumals. They presumably work by
releasing components from ntestinal bacteria (postbiotics), including MDP, which suppress
mflammation within the intestinal tract. This mechanism most likely has evolved fo protect

anmmals from damaging responses to the trillions of gut-dwelling bacteria.
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Pme to the widespread mnduction of antibiotic resistance in bacteria by use of antibiotics
as growth promoters, replacement of anfibictics as growth pronosters 1s highly deswable. Nalle
and Kaltenboeck teach that low-dose oral administration of potent lipophilic MDP analogs
mmproves growth rates and feed conversion in animals {Nalle 20173, presunsably due to reduction
of asymptomatic intestinal inflammation, and thus of the whole-body svstemic inflammatory
status.

Production of the N-acetvl muramic acid MDP mtermediate by nwilti-step chemical
synthesis 1s difficult, rendering ipophilic MDP analogs too expensive for use as growth
promoters m hivestock., This makes immunomodnlating hpoplalic desmmramyl dipeptides prime
candidates for non-antibiotic growth promotion i antmals,

Sidwell (1995} and Penney (1999} show that ocladecy! p-alanme-L-glutamimne, a
stereochemical murror image molecule {enanfiomer} of the hipophilic octadecyl L-alanine-n-
glatamme desmuramyl dipeptide, s an even stronger immunomodulator than octadecyi -
alamne-p-ghatamine.

While countermmitive, Zhou (2002) shows that enantiomeric mirror image D-peptides of
natural receptor-binding L-peptides bind thewr cognate recepior as strongly, or even more
strongly, than the natural peptides. Additionally, such p-pepiide enantiomers are biologically
highly active because thev are much more stable than their L-counterparts, bemng resistant to
degradation due to the absence of naturally degrading enzymes.

The binding of enantiomeric peptides to the cognafe recepior, as well as the mereased
stability of such nafurally not oconrring peplides, explams the strong biologieal effect of
octadecyl p-alanme-L-ghvtanune desmuramyl dipephide (BCH-327). This dipeptide also avoids
the complicated synthesix of the anisofropic cvelic carbolivdrate motety of N-acetyl nmuwramie
acid and thus 13 a prime cost effective MDP analog candidate for use as growth promoter
ammals.

As a bpophilic desmwiramyl MDP enantioner, octadecyl p-alanine-t -glutamine
desnuwrainyl dipeptide has two shortconungs: 1) it lacks the lactic actd motety of N-acetyl
muranuc ackd that hinks the N-acetvlglucosamine motety of muranuc acid to the dipeptide
{Jeanloz 1970}, thus may forfeit some inding strength to #s cognate receptor; 1) if contams the
high-melting octadecyl aliphatic lipid that 1s suboptimal for cell membrane msertion {cellular

targeting}, intra-membrane fransport, and intracelinlar release {Spector 1985, van Meer 2008},
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and thus disfavors the intracellular esterase cleavage of the ester bond (Hatfield 2016) between
dipeptide and hipid that intracellularty releases the active dipeptide component of octadecyl -
alanine-L-glitamne.

Accordingly, there 15 a need for compounds that maxinuze the munusomodulatory

activity of lipophilic desnnwramyl MDP enantiomers.

SUMMARY
Described herein 1s an oligopeptide analog of MDP (also referred to berem as an
oligopeptide or a compound} comprising an L-lactate-D-alanine-1-glutamine molety. In some
cases, the analog does not contain the N-acetylglucosamine motety of MDP. The oligopeptidex

described herein can have the following formula:

RE
Ou NH
RS J O
e e
\( lk XR1

N
R T’ N
R* O

or a pharmaceutically acceptable acid or salt thereof, wherein R' is substituted or unsubstituted
alloyl or substituted or unsubstituted arvl; R, R* R* and R” are each independently selected from
H. substituted or unsubstituted atkvl and substituted or unsubstituted arvl; and X is O or NR®,
wherein R® is hvdrogen, substituted or unsubstituted alkyl, or substituted or unsubstituted arvl.
Optionally, X is Q. Optionally, R! is Ci-Cis linear alkyl or an amino acid. In some cases, the

oligopeptide has one of the followmg structures:

O,jf NHQ Oj, NHZ
HO” P o HOJ\FO O

oF

In xome cases, the oligopeptude has one of the following structures:
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OsNH;,

OxNH;
~ 0 o} HO GQ 0
HN P HN s .
T g YR7 h ﬁ YR’
s} O
NH,

NHz o

wherein R’ is substituied or wnsubstituted alkyvl or substituted or unsubstituted aryl; and Y i1s O or
NR®, wherein R® is hydrogen, substituied or unsubstituted alkvl, or substituted or unsubstifuted
arvl. Optionally, the oligopepiide is L-lactate-p-alanmme-L-ghitamme-hexadecyl ester

Also described herem are compositions comprising a compound as described herem.
Optionally, the composition i1s a pharmaceutical composition comprismg at least one
ohigopeptide described herein and a pharmacentically acceptable camrier. In some cases, the
composition comprises at least one oligopeptide as described herein and anmmal feed. The at
least one oligopeptide can be present in the composition in aa amount of from about 8.01 mg'kg

s 3 mg'kg, Optionally, the composition further comprises an additive used in an anunal diet

]

{e.g., an enryme, a probiotic, a preluotic, an antioxidant, an anfibiotic growth promoter, a
coloring agent, or a combination thereof).

Further described herein are methods for reducing intestinal inflamimation n a human,
comprising administering a pharmaceutical composition as described heremn fo a human haviag
mmtestinal inflammation, wherein the adnusnisiration reduces the intestinal inflamimation. The
methods can further comprise selecting a buman having a disease or condstion associated with
ptestinal inflammation {e.g., mflammatory bowel dizease, uritable bowel syndrome, Crobn's
disease, ulcerative colitis, or a bacterial mfection). Methods for promoting growth m aninal are
also provided herein, wheremn the methods comprise adnunistering the compounds or
compositions as described heremn, wherein the admunistration enhances the growth of the anumal.
Also provided heremn are methods for enhancing feed conversion m an anunal, wherein the
methods comprise adounistermg the compounds or compositions as described herem, wherein
the admnistration enhances the feed conversion in the animal.

The details of one or more embodiments are forth m the drawmgs and the description
below. Other features, objects, and advantages will be apparent from the description and

drawings, and from the claims.

LA
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DESCRIPTION OF THE DRAWINGS

Figure 1 iv a schematic depicting the synthesix of L-lactate-D-alanine -L-glutamine
pahoityl ester (Lactate-DiPeptide-Palnutyl ester, LDPP).

Figure 2 contains bar graphs showing the evaluation of the growth promotion effect of
L-lactate-D-alapme-1-glutamme palmirvl ester {LDPP} in broiler chickens. (A) The
expertmental diets were fed from start on day 21 through termunation on day 44 {24 days
constant fime). (B) Body weight gain per chicken on constant time. Data shown are means =
95% confidence interval {93% CI). (C) Total feed consumed per chicken on constant time,
means + 953% C1. (D) Feed conversion rate ax deternuned by dividing total consumed feed by
total weight gains of all chickens on constant time of each group. Error bars mdicate 25-75
percentiles of calculated feed conversions of individual pens. {E) Modeling of time on feed
required for weight gain identical to the unfreaied controls {},653 g constant weight gam). {F)
Body weight gam per chicken on constant weight gam. means £ 958% CL {G) Total feed
consumed per chicken on constant weight gam, means = 95% CIL {H) Feed conversion rate for
constant weight gam of each treatment group. Morbidity and mortality rates did not differ
significantly between groups. Relevant differences befween freatment groups are indicated by
dashed brackets and the corresponding p value.

Figure 3 contams bar graphs showing the evaluation of the growth promotion effect of
L-lactate-D-alamine-L-glutamine palmityl ester {LDPP} in nursery pigs. {A) The experumental
diets were fed from start on day 0 throngh ternunation on dayv 42 (42 days constant time). (B}
Body weight gam per pig on constant time. Data shown are means + 95% confidence mterval
{95% CT). {C) Total feed consumed per pig on constant time, means = 95% CIL. {D) Feed
conversion rate as determuned by dividing total conswmed feed by fotal weight gains of all pigs
on constant tune of each group. Error bars imndicate 23-75 percentiles of calenlated feed
conversions of mdividual pens. (E) Modeling of time on feed requured for weight gain identical
tis the untreated controls {22.076 kg constant weight gamn). (F) Body weight gain per pig on
constant weight gain, means + 93% (1. {G) Total feed consumned per pig on constant weight

gain, means = 95% CI, (H} Feed conversion rate for constant weight gain of each treatment
group. Morhidity and mortality rates did not differ significantly between groups. Significant

differences between freatment gronps are mdicated by bold p values.

6
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DETAILED DESCRIPTION
Provided herein are compositions containing a ipophilic enantiomer of

desacetylglucosamme nwramyl dipeptide {MDP) {e.g., L-lactate-D-alanine-L-ghitanune-

LA

hexadecyl ester}. This compound improves 1} binding strength to the cognate mtracellular
receptor{s} by enlargiag the dipeptide via the additional aurror i-lactate motety; and u}
maxunizes intracellular targeting and active dipeptide release via the mereased membrane
fhadity provided by the lower-melting hexadecyl (palmityl) aliphatic hipid.
When administered to hmans or animals, the compositions containing the lipophilic
18 enantiomer of MDP reduce mflamymation, promote growth and mnprove feed conversion,
Therefore, methads for reducing nflammation m humans and animals, and methods for
promoting growth and enhancing feed conversion i animals are provided. In accordance with
the methods, the lipophilic enantiomer of MDP 15 combined with a pharmacentically acceptable
acid or addition salt thereof, a pharmaceutical carrier or animal feed, which 1s then admmustered
15 to the animal or human in a sufficient amount to achieve the desired reduction m mflammation,
promotion of growth or improvement of feed conversion.
L Compounds
Described herem are ohigopeptide analogs of desacetylglneosamine muramvl dipeptide
{MDP). The analogs can imnchude an L-lactate-D-alamine-L-glutamine moiety bonded to an
20 organic hipid molecule, and any pharmaceutically acceptable acid or salf thereof. In some cases,
the analog does not contam the N-acetylglucosamme morety of MDP,
In some cases, the compomnds described herem mcludes Formula I

R?

|
Oj,NH
R:O OO /L
R N \",XR*

3 .
R* O . wherein:
In Formula I, R is substituted or unsubstituted alkyl or substituied or unsubstitated
25  aryl. Optionally, R!is a C1-Cia linear alkyl. Optionally, R? is an amino acid, such as a lysine

group {D-lysine or L-lysme}.
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Also in Formula I, R*, R, R, and R’ are each independently selected from H,
substituted or unsubstituted alkyvl and substituted or ynsubstitisted arvl
Additionally in Formula I, X ix O or NR® wherein RY is hvdrogen, substituted or
unsubstituted alloyl, or substituted or vosubstituted aryl.
Optionally, the compounds of Formula I can mclude compounds according to
Structure I-A:
Q

N,
HoJ\f?O O j/
HIN JLN,LWOR‘-
THET
Structure I-A
In Structure I-A, R} is defined as above for Formula L.
Optionally, the compounds of Formula I can include compounds according to

Structure I-B:

07, NH,
HOJ\‘f‘O O I
HN\I)‘\ NHR'

N

C
Structure I-B
In Structure I-B. R is defined as above for Formmula L
Optionally, the compounds of Formula I can mnclude compounds according to

Structure I-C or Structure I-D:

O NH» Oj,NHz
Ho’kf'o j\ o j HOJYO o) u i
HN\[ N7 N HN\‘)LN N A
Ho L H

0

YR'
NH; NH,

Structare I-C Structure 1-D

oo
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In Structure I-C and Structure I-D, R’ is substituted or unsubstituted alloyl or
substituted or unsubstituted aryl. Also in Structure I-C and Strueture I-D, Y is O or NRE,
wherein R® is hydrogen, substituted or nnsubstituted alkyl, or substituted or unsubstituted aryl.

The allcyl can be a strarght-cham alkoyl or a branched-chain alicyl. In some cases, the
straight-chain alikyl can be a Ci-Crg alkyvl {e.g., a Ca-Cir alkyl or 3 €z — Cis alloyl). Examples of
suitable alkyl groups include methvl, ethyl, propyl, butyl, pentvl, hexyl, heptyl, octyl, nonyvl,
decyl, nndecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, bexadecyl, heptadecyl, or octadecyl. In
some cases, the oligopeptide 1s L-lactate-D-alanme-L-glutamine-hexadecyl ester, also referred to
herein as L-lactate-D-alanine-L-glutanune paloutyl ester {Lactate-DiPeptide-Palmity] ester,
LDPP} or as hexadecyl (25¥-5-anuno-2-{[{2R}-2-{{(25)-2-
hvdroxypropanoyljammepropanoytjanuno}-S-oxo-pentanoate.

Optionally, the aryl group mcludes a phenyl group. Optionally, the arvl group can
mehide additional fused rings, for example, naphthalene, anthracene, and pyrene. The aryl and
hetercaryl groups can be attached at any postiion on the ring, unless otherwise noted.

The alkvl and aryl groups nsed herein can be substituted or nnsubstitnfed. As used
herem, the term subsfitnied includes the addition of a functional group to a position attached fo
the mam cham of the alkyl or arvl group, e.g., the replacement of a hvdrogen by one of these
molecules. Examples of substitution groups inchide, but are not limited to, hvdroxy, halogen
{e.g.. F. Br, Cl, or I}, and carboxyl groups. Conversely, as used herein, the ferm unsubstituted
ndicates the alky! or aryl group has a full complement of hydrogens, i.e., connnensurate with s
sataration level, with no substitufions, e.g., hinear hexadecyl ({CHx)15—CH3).

11 Methods of Making the Compounds

The compounds described herein can be prepared in a variety of wavs. The compounds
can be synthesized using vanons synthetic methods. Af least some of these methods are known
it the art of synthetic organic chemistry. The compounds described herein can be prepared from
reacdily available starting materials. Optunwn reaction conditions may vary with the particular
reactants or solvents used, but such conditions can be determined by one skilled in the art.

Variations on Formula I and the compoundx described heremn include the addition,
subtraction, or movement of the varions constifuents as described for each compound. Smmiarly,
when one or more chiral centers are present m a molecule, all possible chiral vanants are

mncluded. Additionally, compound syathesis can involve the protection amd deprotection of
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various chemical groups. The use of protection and deprotection, and the selection of
appropriate profecting groups can be deternuned by one skilled i the art. The chemustry of
protecting groups can be found, for example, in Wuts, Greene’s Protective Groups i Organic
Synthesis, 5th. Ed., Wiley & Sons, 2014, which i3 incorporated herein by reference in its
entirety,

Reactions to produce the compounds deseribed herein can be carried out mn solvents,
which cas be selected by one of crdinary skill in the art of orgasnic synthesix. Solvents can be
substantially noareactive with the starting materialx {reactants), the mtermediates, or producis
under the conditions at which the reactions are carried out, 1Le., temperature and pressure.
Reactions can be carried out in one solvent or a muxture of more thas one solvent. Product or
mtermediate formation can be monttored according to any suifable method known m the art. For
example, produnet formation can be momtored by spectroscopic means, such as nuclear magnetic
resonance spectroscopy {e.g., 'H-NMR or PC-NMR}, infrared spectroscopy (IR),
spectrophofometry {e.g., UV-visible), or mass spectrometry {MS), or by chromatography such as
high performance hquid chromatographv {HPLC) or thin layer chromatography (TLC).

Exemplary methods for synthesizing compounds as described herem are provided in
Example | below, depicting the synthesis of LDPP by way of example.

HI Formulations

Also deseribed herein are compostiions mchiding a compound of Fermula ¥ as described
herem {e.g., at least one oligopephide analog of MDP) and a carvier. Optionally, the composition
mehides L-lactate-D-alanine-L-glutamine palmityl ester (LDPP} and a carier.

In some cases, the composition melndes a compound of Formula T as described herein,
such as, for example, LDPP, and amimal feed. Any suitable aninzal feed can be used, ncluding
animal feed that includex one or more of maize, sorghwn, wheat, barley, oats, soybean meal, fish
meal, and/or whey. Optionally, the compound of Formula I can be mchided in the compaosiiion
i an amount of from about 4.01 mg'kg to 5§ mg'kg (g.g., .05 mg'ke to 4.5 mgkg, .1 mgkg to
4 mg'kg, 0.15 mg'kg to 3.5 mg'kg, or 0.2 myg'kg to 3 mgikg). In some examples, the compound
of Formula I, such ax LDPP, can be included 1n a composition including animal feed m an
amount of 0.01 mg'kg, 0.05 mg'kg, 0.1 mg'ke, 8.15 mg'kg. 0.2 mg'kg, 0.25 mgke, .3 mg'kg,
0.35 mg'kg, 0.4 mp'kg, 0.45 mg'kg, 0.5 mog'kg, 0.55 mg'kg, 0.6 mgkg, 3.65 mg'kg, 0.7 mg'kp,

0.75 mg'kg, 0.8 mg'kg, 0.85 mg'ke, 0.9 mg'kg, 0.95 mgkg, 1.0 mg'kg, 1.5 mp'kg, 2.0 mp'kg,

10
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-

mg'kg, 3.3 mg'kg, 4.0 mg'kg, 4.5 mp'kg, or 3.0 mg'kg. The animal feed

Lt
g

25m

]

ke
composition can Rurther melude additives used m animal diets, including enzymes, probiotics,
prebiotics, antioxidants, antibiotic growth promoters, and coloring agents.

The compositions described herein may be suitable for oral, parenteral, inhalation spray,
topical, rectal, nasal, buccal, vaginal, or implanted reservoir admuustration. The term paremteral
as used berein includes subcutaneous, mmtradermal, mtravenous, mtramuscular, mtra-articular,
mntra-synovial, intrasternal, mtrathecal, mtrahepatic, miralesional and miracranial njection or
mfision techniques. Optionaily, the compositions described herein can admnustered orally,
topically, miranasally, mtravenously, subcutaneousty, mtradermally, transdermaily,
mtramucosally, mtramuscularly, by inhalation spray, rectally, pasally, sublingually, buccally,
vagmally or via an naplanted reservorr.

The componnds deseribed herein or derivatives thereof can be provided in a
pharmaceutical composiiion. In some cases, the compositions are pharmaceutical compostiions
that mcinde a compound of Formuls I and a pharmaceutically acceptable carrier. Depending on
the mtended mode of adminisiration, the pharmaceutical composition can be 1a the form of solid,
semi-solid or hquid dosage forms, such as, for example, fablets, suppositories, pills, capsules,
powders, hiquids, or suspensions, preferably m wnit dosage fonm suitable for single
adnnmstration of a precise dosage. The compositions will mehide a therapeutically effective
amount of the compound described herein or dertvatives thereof n combmation with a
pharmacenfically acceptable carrier and, m addition, may include other medicinal agents,
pharmaceutical agents, carriers, or diluents. By pharmacentically acceptable 1s meant a material
that 1s not biologically or otherwise nndesirable, which can be adminstered to an indrvidual
along with the selected compound without causing unacceptable biclogical effects or interacting
in a deleterious manner with the other components of the pharmaceutical composition in which it
1s contamed.

The compaositions can mclude one or more of the compounds described herem and a
pharmaceutically acceptable carrier. As used herein, the term carrier enconpasses any excipient,
difuent, filler, xalt, buffer, stabilizer, solubilizer, lipid, stabilizer, or other material well known in
the art for use in pharmaceutical fornmlations. The choice of a carrier for use in a composiion
will depend upon the mntended route of adnunistration for the comyposition. The preparation of

pharmaceutically acceptable carriers and fornnilations contamning these matertals 15 described 1,
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e.z., Repungton: The Science and Practice of Pharmacy, Adebove Adejare ed., 23rd Ed,
Academic Press {2021). Examples of physiologically acceptable carriers include buffers, such as
phosphate buffers, cifrate buifer, and buffers with other organic acids; anfinxidants mchiding
ascorbie acid; low melecular weight (less than about 10 residues) polypeptides; proteins, such as
serum albumin, gelatin, or tmmunoglobuling; hydrophilic polymers, such as
polvvinvipvrrolidone; amino acids such as glveine, glutanmine, asparagine, arginine or lysine;
monosaccharides, disaccharnides, and other carbohydrates, mcluding ghicose, mannose, or
dexiring; chelating agents, such as EDTA; sugar alcobols, such as mannitol or sorhitol] salt-
forming counterions, such as soditun; and/or nonionic surfactants, such as TWEEN® {ICI, Inc;
Bridgewater, New Jersey}, polvethylese glveol (PEG), and PLURONICS™ (BASF; Florham
Park, NI

Composiiions containing the compounnd described herein or derivafives thereof suitable
for parentferal injection may comprise physiologically acceptable sterile agneous or nonaqueons
solutions, dispersions, suspensions or emulsions, and sterile powders for reconstiiution mto
sterile mjectable solutions or dispersions. Examples of suitable agueous and nonagqueons
carriers, dilnents, solvents or vehicles include water, ethanol, polvols {propyleneglyveol,
polvethyleneglycol, glyveerol, and the hike), suitable mixtures thereof, vegetable oils {such as
ohve oil) and mjectable organic esters such as ethyl oleate. Proper fluidity can be maintamed,
for example, by the use of a coating such as lecithin, by the mamtenance of the required particle
size 1 the case of dispersions and by the use of surfactants.

These composifions may also contam adjuvants, such as preserving, wetfing,
emulsifving, and dispensmg agents. Prevention of the achion of microorgamsms can be
promoted by various antibacterial and antifungal agents, for example, parabens, chlorobntanol,
phenol, sorbic acid, and the like. Isotonic agents, for example, sugars, sodium chioride, and the
like may also be included. Prolonged absorption of the mjectable pharmaceutical form can be
brought about by the use of agents delaying absorption, for example, almnmum monostearate
amd gelatin

Solid dosage forms for oral adnunistration of the compoundx described herein or
derivatives thereof mnclude capsules, tablets, pills, powders, and granules. In such solid dosage
forms, the compounds described herein or dertvatives thereof 13 admixed with af least one inert

customary excipient {or carrier}, such as sodnun citrate or dicalcium phosphate, or (a} fillers or
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extenders, as for example, starches, lactose, sucrose, glucose, mannitol, and sthicie acid, (b)
binders, as for example, carboxvmethyleeliulose, algmate, gelatin, polyvinylpyrrohidene,
sucrose, and acacia, (¢} lnunectants, as for example, glycerol, (d} dismtegrating agents, as for
example, agar-agar, calemm carbonate, potato or tapioca starch, alginic acud, certam complex
siticates, and sodium carbonate, {e} solution retarders, as for example, paraffin, (£} absorption
accelerators, as for example, quaternary ammommn compounds, {g) wetting agents, as for
example, cetyl alcohol, and glyeerol monostearate, {h) adsorbents, as for exanmple, kachin and
bentonite, and {1} lubricants, ax for exanmple, tale, calcium stearate, magnesimm stearate, solid
polyethvlene glycols, sodium lauryl sulfate, or nuxtures thereof. In the case of capsules, fablets,
and pills, the dosage forms nwy also comprise butfering agents.

Sohd compositions of a sumilar type may also be emiploved as fillers in soft and hard-
filled gelatin capsules using such excipients as laciose or nulk sugar as well as high molecular
weight polvethvleneglycols, and the hike.

Solid dosage forms such as tablets, dragees, capsules, pills, and granules can be
prepared with coatings and shells, such as enteric coatings and others known m the art. They
may contam opacifving agents and can also be of such composttion that they release the active
compound or compoennds m a cerfain part of the mtestinal fract in a delaved manner. Examples
of embedding compositiions that can be used are polymeric substances and waxes. The active
compounds can also be m micro-encapsulated form, if appropriate, with one or more of the
above-mentioned excipients.

Liquid dosage forms for oral or infravenous adounistration of the compounds described
herem or dertvatives thereof mchide pharmacentically accepiable emulsions, sohtions,
suspensions, syrups, and elixits. In addition to the active componnds, the hiqud dosage forms
may contaim mert diluents conumondy used in the art, such as water or other solvents, solubilizing
agents, and emulsifiers, as for example, ethyl akcohol, 1zopropyvl aleohol, ethyl carbonate, ethyl
acetate, benzyl alcobol, benzyl benzoate, propvieneglveol, 1,3-butvleneglycol,
dimethylformanude, oils, m particular, cottonseed oil, groundmut o1, corn genm oil, olive oil,
castor oil, sexame oil, glycerol, tetrabyvdrofurimyl alcohol, polvethyleneglycols, and fatty acid
esters of sorbitan, or mixtures of these substances, and the like.

Bexides such inert diluents, the composition can alse mclude additional agents, such as

wetting, enmsifving, suspending, sweetening, flavering, or perfuming agents.
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Suspensions, i addition to the active compounds, may contain additional agents, as for
example, ethoxylated isostearyl alcohols, polvoxyvethylene sorbitel and sorbitan esters,
mterocrysiatline cellulose, aluminum metabydroxide, bentonite, agar-agar and tragacanth, or
nuxtures of these sulstances, and the like.

As described above, the one or more compounds described herein can be provided with
a nebulizer, which 1x an mstrument that generates very fine hqud particles of substantially
wiiform size i & gas. The hguid containing the one or more compomds described herein can be
dispersed as droplets about 5 mun or less m diameter in the form of a mist. The small droplets
can be carried by a current of aw or oxygen through as outlet tube of the nebulizer. The resulting
mist can penstrate mto the respiratory tract of the patient.

Additional mhalants useful for debivery of the compounds described heremn include
ntra-oral sprayvs, nusts, metered dose mhalers, and dry powder generators {See Gonda, J Phams.
Sci. §9:940-945, 2000, which is meorporated herein by reference n 1is entirety, at least, for
inhalation delivery methods tanght therein). For example, a powder composifion contamnmg the
one or more compounds as described heremn, with or without a lubricant, carrier, or propellant,
can be admmistered to a pattent. The debivery of the one or more compounds 1 powder form
can be carrted out with a conventional device for adnunistering a powder pharmaceutical
composition by mhalation.

Compositions of the compounds described herem or derivatives thereof for rectal
adnnmstrations are optionally supposifories, which can be prepared by mixmg the compounds
with smitable non-iritating excipients or carriers, such as cocoa butter, polyethyvleneglveol or a
supposttory wax, which are sohid at ordinary femperatures but liguid at body temperature and,
therefore, melt in the rectum or vaginal cavity and release the active component.

Dosage forms for topical adpunistration of the compounds described herewn or
derivatives thereof mclude omtments, powders, sprays, and mhalants. The compounds described
herein or derivativex thereof are admixed under sterile conditions with a physiologically
accepiable carrier and any preservatives, buffers, or propellants as may be required. Ophtbalmic
formulations, cintments, powders, and solutions are also confernplated as being within the scope
of the compositions.

As noted above, the compositions can inchide one or more of the compoundx described

herein or pharmaceuntically acceptable salts thereof. Ax nsed heremn, the term: pharmaceutically
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acceptable salt refers to those saltx of the compound described heremn or derivatives thereof that
are, within the scope of sound medical judgment, suitable for use m contact with the tissues of
subjects without undne toxserty, uriation, allergic response, and the like, commensurate with a
reascnable bepefit/risk ratio, and effective for thew miended use, as wall as the zwitterionic
forms, where possible, of the compounds described herein. The term xalts refers fo the relatively
non-toxie, morganic and organic ackd addition salts of the compounds described herein. These
salts can be prepared in it dwing the isolation and purification of the compounds or by
separately reacting the purified compound 1in ifs free base form with a suttable organie or
morganic acid and solating the salf thus formed. Representative salts melude the hydrobromtde,
hydrochloride, sulfate, bisulfate, nitrate, acetate, oxalate, valerate, oleate, palmitate, stearate,
laurate, borate, benzoate, lactate, phosphate, tosylate, cifrate, maleate, fiunaraie, succinate,
tartrate, naphthylate mesylate, glucoheptonate. lactobionate, methane sulphonate, and
lanryisulphonafe salts, and the hike. These may mnclude cations based on the alkah and alkaline
earth metals, such as sodwmis, lithium, potassaun, calemun, magnesiumn, and the hke, as well as
non-foXic ammonnun, quatemary ammoniom, and amine cations mehding, but not linuted to
ammonium, fetramethylammonmm, tetraethylammonnun, methylamine, dimethylamme,
trimethylamine, fnethylamme, ethvlamine, and the bke. {See S.M. Barge et al., J. Pharm. Sei
{1977y 66, 1, which 1s mcorporated herem by reference m its entivety, at least, for compositions
taught therem.

Admuustration of the compounds and compostiions described herem or
pharmaceutically acceptable salis thereof can be carried ont using therapeutically effective
amounts of the compounds and compositions described herem or pharmaceutically accepiable
salts thereof as described herein for periods of time effective to treat a disorder. The effective
amount of the compounds and compositions described heremn or pharmaceutically acceptable
salts thereof as described herem may be determmed by one of ordmary skill m the ant and
mchades exemplary admuustrations for an animal or human at a dose that delivers the active
compound to the subject in an amount between about 0.01 x {BW/20)* pg and 10,000 x

BW/20Y" ug per day, wherein BW is the body weight of the subject in grams. This amount may

be adounistered 1 a single dose or m the form of individual divided dosex, such as from 1 o 4

times per day.

ot
LA



LA

[
Ch

[V
=

WO 2021/195372 PCT/US2021/024142

Those of skall in the art will understand that the specific dose level and frequency of
dosage for any particular subject may be varied and will depend upon a variety of factors,
mchading the activity of the specific compound employed, the metabelic stability and length of
action of that compound, the species, age, body weight, general health, sex and diet of the
subject, the mode and tine of admunistration, rate of excretion, drug combmation, and severity of
the particular condifion.

The precise dose to be employed n the formulation will also depend on the route of
admunpistration, and the seriousness of the disease or disorder, and should be decided accordmg to
the judgment of the practifioner and each subject's curcumstances. Effective doses caa be
extrapolated from dose-response curves dertved from i vifro or animal moded test
systems. Further, depending on the ronte of administration, one of skill in the art wonld know
how to determine doses that result m a plasma concentration for a desired level of response i the
cells, tissues and/or organs of a subject.

IV, Methods of Use
Provided herein are methods that melade adnnmistermg to a subject an effective amonnt
of one or more of the compounds or pharmacentical compositions described heremn, or a
pharmaceutically acceptable sali thereof. The expression “effective amount,” when used to
describe an amount of compound m a method, refers to the amoumnt of a compound that achieves
the desmed pharmacological effect or other effect, for example, an amount that results m
enhanced growth or feed conversion.

Methods for promoting growth in an annmal are provided heremn, along with methods

for enhancing feed conversion m an animal. The methods comprise adnunistening a compound
or composition as described herein to the animal. The admuustration can enhance the growth of
the animal and/or enhance the feed conversion of the animal as compared to a control {an animal
not adounistered a compound or composiion as described beremn}.

The compounds and compositions described heremn or pharmacentically acceptable saltx
thereof are useful for treating and/or preventing a disease or condition associated with intestinal
mflammation. As sueh, provided herein are metbods for reducing ntestinal inflammmation i a
hupran comprising admintstering a composition as described herein (e.g., a pharmaceutical
composition as described herem) to a human having ntestinal mflanunation, wherem the

adnunpistration reduces the mtestinal inflammmation. Optionally, the lniman has or 1s at risk of
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developing inflammatory bowel disease, irritable bowel syndrome, Crohn's disease, ulcerative
colitis, or & bacterial infection (such as Clostridium difficile infection). The methods can finther
mclude selecting & buman having a disease or condition associated with mtestinal inflarnmation
{e.g., milammatory bowel disease, iritable bowel syndrome, Crohn’s disease, ulcerative colitis,
of a bacterial infection}.

The methods described herein are useful for treating the dixeases and conditions
described herem in humans, mcludimg, without lunitation, pediatric and gernatrie populations,
amd 1 animals, e g, veterinary application.

V. Kits

Also provided heremn are kits for promoting growth 1 an annual are provided herem,
along with methods for enhancing feed conversion in an ammal. A kit can melnde any of the
compounds or composifions described herem. For example, a kit can melude a compound of
Formula I. A kit can further mclude one or miore additional agents, such as anmimal feed andfor
ammal feed supplements. A kit can mnclude an oral formulation of any of the compounds or
compositions described heremn. A kif can additionally include directions for nse of the kit {e.g.,
mstimetions for treating & subject), a contamer, a means for adnunistermg the compounds or
compaositions, and/or a carrier.

Also provided herem are kiis for treating or preventing a disease or condition associated
with mntestinal mflammation m a subject. A kit can mclude any of the compounds or
compositions described heremn. For example, a kit can inchide a compound of Formula I. A kit
can further melude one or more additional agents, such as anti-mtlanunatory agents. A kit can
mchude an oral formulation of any of the compounds or compositions described herem. A kat
can additionally mclude directions for use of the kit (e g, instructions for treating a subject), a
container, a means for adnunistering the compounds or compositions, andfor a carier.

As used herem the ferms treatment, treat, or treating refer to a method of reducing one or
more symptoms of a disease or condition. Thus in the disclosed method, freatment can refer to a
10%, 20%, 30%, 4(%, 50%, 608, 70%, 80%, 0%, or 100% reduction n the severnity of one or
more syniptoms of the disease or condition. For example, a method for treating a disease i3
constdered o be a treatment if there 1s a 10% reduction in one or more svinptoms or signs of the
disease m a subject as compared to a control. As used herein, control refers fo the untreated

coudition. Thus the reduction can be a 10%;, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
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1(403%%, or any percent reduction in between 10% and 100% as compared to native or control
levels. Tt 1s understood that treatment does not necessarily refer to a cure or complete ablation of
the disease, condition, or synystorns of the diseaxe or condition.

As used herem, the terns prevent, preventing, and prevention of a disease or disorder
refer to an action, for example, adnunistration of a composition or therapeutic agent, that occurs
befure or at about the same time a subject begms to show one or more sympioms of the disease
or disorder, which nhibits or delays onset or severity of one or more symptoms of the disease or
disorder.

As uxed herein, references to decreasing, reducwng, or inhibiting mchude a change of 109,
20%, 30%, 40%, 5%, 60%, T0%, 80%, 90% or greater as compared to a control level. Such
terms can melunde, but do not necessanily mehide, complete ehmmation.

As used throughout, by subject is meant an individual. Preferably, the subject is a
mamumal such as a primate, and, more preferably, a human. Non-human primates are snbjects as
well. The term subject includes domesticated anmmals, such as cats, dogs, ete., hvestock (for
example, cattle, horses, pigs, sheep, goats, etc.), farmed birds {chickens, turkeys, pigeons, geese,
etc.}, and laboratory amumals {for example, ferret, chinchilla, mouse, rabbi, rat, gerbil, guinea
pig, ete.). Thus, veterinary uses and medical formulations are contemplated herein. Non-human
subjects are also referred to as animals n this disclosnre.

Thronghont this apphication, various publications are referenced. The disclosures of
these publications in their entiveties are hereby incorporated by reference mnto this application.

The following examples will serve to farther illustrate the present mvention without, at
the same tume, however, constifuting any lunitation thereof. On the contrary, it 1s 1o be clearly
understood that resort may be bad to vanous embodiments, modifications and equivalents
thereot which, after reading the description berein; may suggest themselves to those skilled m

the art without departing from the spuit of the ivention.

EXAMPLES
Example 1: Synthesis of L-lactate-D-alanine-L-glutamine palmityl ester (LDPP)
L-lactate-D-alamne-L-glutanune palnutyl ester {LDPP) was synthesized according to
the method detailed below, and depicted in Figure 1.
The hexadecvl ester of rert-bunvloxycarbony! {BOC) L-glutamine was prepared in step
a by esterification reaction of BOC -glutamine (1) with 1-hexadecanol {2} m tetrahydrofuran,
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the presence of dicyclohexyl carbodinmide, to vield hexadecyl BOC-L-glutamme (3}, The BOC
protecting group was removed m step b by treatment of intermediate (3} disxolved in methviene
chloride with byvdrogen chloride gas to yield the hvdrochioride salt of hexadecyvl L-glutanune (43,
Intermediate {4} was dissolved in N N-dunethyviformanude, N N-ditsopropylethvianune was
added followed by BOC p-alanine (§) and the coupling agent benzotriazole-1-
vioxyirs{pvrrolidino jphosphonium hexaftuorophosphate (PyBOP), to vield in step ¢ the BOC-
protected hexadecyl dipeptide 6. Intermediate § was purified by column chromatograpby and the
BOC group was removed in step d by treatment of the product with hyvdrogen chloride gas to
yield bexadecyl dipeptide 7. To mtenmediate {7) dissolved m N . N-dimethvliormanude i the
preseace of N N-diixopropviethylamune and 2-{1H4-benzotriazol-1-vl)-1,1.3,3-
tetramethvloronmm hexafluorophosphate {Hexafluorophosphate Benzotriazole Tetramethyl
Uronioan, HBTU, hithmom -laciate {8) was added, and step e yvielded the final product L-lactate-
D-alanine-L-ghutanune hexadecyl ester (9} The white L-lactate-D-alanine-L-glutanume paloputyl
ester with a MW of 513.72 g/mol was greater than 98% pure, as determined by 'H-Nuclear

Magnetic Resonance analysis.

Example 2: Impact of LDPP on Growth Rate and Feed Conversion in Chickens

The objective of this expernment was to evaluate if supplementation of feed with ©-
lactate-p-alanme-L-ghnfanine pahnityl ester {LDPP) at 0.2 mg/kg feed increases the growth rate
andf/or mmproves the feed conversion in brotler chickens, 1.e., if it promotes growth by makmg
brotler chickens grow faster and/or require less feed for the same amount of gamn 1 body weight.
A secondary objective was to compare the effect of LDPP to that of bacitracin, an industry-
standard growth promoting antibiotic.

Experimental Desian

Freshly batched female Ross 708 brioiler chickens were housed for as single flock for
21 davs on a floor pen with used bedding. Al cluckens received crumbled untreated standard
Aviagen 708 starter and grower feeds during this time, with 80% recommended crude protein
amd without anti-coccidial supplement. After 3 weeks, the chickens were grouped mto 38
replicate floor pens of 25 chickens with fresh bedding. Chickens were fed for 24 davs from day
21 through termination on day 44 standard crumbled finisher Aviagen 708 finisher feed with

100% protein and 0.0125% amproliwm anti-coccidial inclusion. Feed and water were available
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ad fibirum thwoughont the trial. Thuteen pens each were assigned to natreated controlx {fead
without supplement} and LDPP-treatment (0.2 mg LDPP/kg feed), and 12 pens were assigned to
bacitracin treatment {30 myg bacitracin/kg feed}. The experumental nnit was the pen rather than
mdividual chickens. Pen weights of chickenx were deternmned on day 21 and 44, Fuusher feed
uptake was be recorded, and on day 44 residual feed was determmned, and the experiment was
termmated.

Statistical Analvses

For constant time analyses of the complete 24-day duration of the feeding experiment,
the overall (true) feed conversion for each treatment group was determined by dividing total
consumed feed by total weight gamns of all peas of each treatmernt group.

For constant body weight gam analyses, the time on feed of the bacitracin and LDPP
treated groups was modeled to match the weight gam of the unireated control group. Based on
the closely matching body weights and weight gams of standard female Ross 708 broilers, body
weight gains per chicken on the last day 44 of the expernment were calculated as the 0.04781
fraction of pen body weight gam day 21-44/surviving chickens per pen. The mean body weight
gamn of each treatment group was adpmsted to the control mean by iteratively subtracting the same
fractions of the caleulated day 44 body weight gain of all pens of a treatment untii a single
fractional day was found that produced a weight gam matching with the control group.
Siilarly, feed consmunption per chicken on day 44 was calculated as the 0.05867 fraction of pen
feed uptake day 21-44/sarviving chickens per pen. Mean feed uptake per treatment group was
then calculaied by subiracting the previously found fractional daily feed uptake from each pen.

Body weight gam and feed consumption data were analyzed by one-way ANOVA and
Tukey Honest True Ditference correction for mmmltiple comparisons. Group differences m feed
conversion rates were evaluated from pen FCR data by non-parametric Mann Whitney U test.

Resulis and Conclusions

LDPP, supplemented at (.2 mg'kg feed, sigmificantly maproves the growth rate of
brotler chickens by increasing the weight gain of LDPP-treated chickens by 4.4%5 to 1,725 g as
compared to the 1,633 g weight gain of unireated control chickens. This resulted mn highly
significant, nearly a day more rapid growth of the LDPP-treated chickens as compared to the
controls (23.13 vs 24 days). The feed conversion rate of LDPP-treated versus untreated chickens

1s rmproved at constant time from 1.818 to 1.803, and more strongly by 1.7% to 1.787 at constaat
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body weight gain. The growth promoting effect of LDPP 1s significantly stronger than that of
bacitracin, an mdustry-standard growth promoting antibiotic, which showed a sigmficantly
hugher feed conversion rate of 1.827 at constant body weight gam. The results are shown in
Figure 2.
Example 3: Impact of LDPP on Growth Rate and Feed Conversion in Pigs

The objective of this experiment was to evaluate if supplementation of feed with ©-
lactate-D-alanine-L-glutamine palmutvl ester {LDPP) at 0.2 mg'kg feed nereases the growth rate
amd/or unproves the feed conversion mn freshly weaned nursery pigs.

Experimental Desion

Male pigs (barrows) were used m tlus study. Pigs were weaned at approximately 3
weeks of age, transferred to the nursery, and randomly allotted to 24 nursery pens with 4 pigs per
pen. One of 2 dietary treatments, untreated controls (feed without supplement) or LDPP-
treatment (0.2 mg LDPP/kg feed). was assigned to each pen, such that 12 pens of 4 pigs were
used fo evaluaie the effect of each dief. Prenuxes of the treatment compounds were added at
0.1% fo nuxed diets, which were then pellefed. Phase 1 diet was fed at 6 b/pig from day O to
approxunately day 8§ post-weanmg. On day 8 post-weanmg, pigs were swiiched to 12 Ib/pig
Phase 2 diet which expwed approximately on day 18, Once the Phase 2 diet had been consmmed,
pigs were switched to Phase 3 diet and mamnfamed until termmation of the study on day 42. No
antibiotics were added o any diel. Diels were fornmlated 1o meet or exceed all the nutrient
requirements based on the 2012 NRC spectfications. Pigs received diets and water ad Fibitum.
Pigs were weighed mdividually on davs 0 and 42 of the expernnent. Feed intake per pen was
monitored for the weigh period. Although individual pig weights were obtained. the pen was the
expermental unit. On day 42, the study was terminated and untreated pigs were retamed m the
food chain while the treatiment pigs were euthanized.

Statistical Analvses

Pen data were converted mto mdividual pig data by dividing by the mumber of pigs.
For tlree pens in which pigs were euthanized, a time-fractional pig mumber was used. Body
weight gain and calculated feed consumption data were analyzed by pairwise T-test. The overall
{true)} feed conversion for each treatment was deterpuned by dividing total consumed feed by
total weight gains of all pens of each treatment. Treatment differences m feed conversion were

statistically evaluated by non-parametric Maan Whitney U test of pen feed conversion data.
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For constant body weight gain analyses, the time on feed of the LDPP treated group
was modeled to match the weight gamn of the untreated control group. Daily body weighis and
weight gains were modeled by hinear mterpolation between weights on davs 0 and 42. The mean
body weight gain of the LDPP treatinent group was adjusted to the control mnean by subtracting
the calculated dav 42 and 41 body weight gamns, and then iteratively subtracting the same
fractions of the calculated day 40 body weight gamn of all pens of the LDPP treatment until a
simgle fractional day was found that produced a weight gain matching with the control group.
From mterpolated daidy body weight data, daily feed conswmption was first calculated as 5% of
body weight. The sum of these daily feed uptakes was then divided by the actual weighed feed
uptake of each pen, and daily feed uptakes were mnltiplied by this fraction to arrive at the precise
weighed feed uptake per pen. These calenlated daily feed nptakes were used o calculate feed
uptake by changed times on feed for the LDPP treatment group. Mean feed uptake of the LDPP
treafinent group was then caleulated by subiractimg for each pen the previously found day 42 and
41 and the fiactional day 40 feed uptake.

Body weight gain and feed consumption data were analyzed by one-way ANOVA and
Student’s T-test. Differences i feed conversion rates were evaluated from pen FCR data by
non-parametric Mann Whitney U test.

Resulis and Conclusions

LDPP, supplemented at 0.2 mg'kg feed, significantly mmproves the growth rate of
nursery pigs by increasing the weight gain of LDPP-treated pigs by 7.9 % to 23.826 kg as
compared to the 22.076 kg weight gain of unfreated nnrsery pigs. This resulted in highly
significant, 2.1 davs more rapid growth of the LDPP-freated pigs as compared to the controls
{39.921 vs 42 days). The feed conversion rate of LDPP-treated versus untreated pigs is
mmproved by 3.8% at constant fime from 1.479 to 1.423, aad more strongly by 5.3% to 1.396 at
constant body weight gain. The results are shown mn Figure 3.

All references etted herein are hereby mcorporated by reference in their entireties.
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WHAT IS CLAIMED I5:

i. An ohigopeptide of the following fornwla:

or a pharmaceutically acceptable acid or salt thereof, wheremn:

R! is substituted or unsubstituted alkyl or substituied or unsubstituted aryl;

R2, R® R* and R® are each independently selected from H, substituted or unsubstituted

alkyl and substituted or unsubstituted arvl; and
X i1s O or NRY, wherein RS is hvdrogen, substituted or unsubstituted alkyl, or

substituted or unsubstifuted arvi

2. The ohigopeptide of claim 1, wherem X 15 O.
3. The oligopeptide of claim 1, wherein R} is C1-Cis linear alkyl or an amino acid.
4. The oiigopeptide of claim 1, wherem the oiigapeptide has the following structure:

op Hoi\r pA

_OR! HN\ﬁL /L”/NHR
o :
s, The oligopeptide of claim 1, wherein the chigopeptide has the followmg structure:
Oj,,Nﬁz Qa-NH;
HOJY‘D ﬁ\ g ?k HOJ\f’Q o o0
HN\r N N\I: VR HN\[,JLﬁ _N,,, ,JLYR{
o ‘ 0
NHz o NiH; . wherein
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R’ is substituted or unsubstituted allyl or substituted or unsubstituted arvl; and
Y is O or NR¥, wherein R® is hvdrogen, substituted or unsubstituted alkyl, or

substituted or unsubstifuted arvi

8. The oligopeptide of claim 1, wheren the ohigopeptide is L-lactate-p-alanine-1 -glutanune-
hexadecyl ester.
7 A pharmaceutical composition comprising at least one oligopeptide of any of claimx 1-6

and a pharmaceutically acceptable carrier.

3. A composition comprising at least one oligopeptide of any of claims 1-6 and amimal feed.

9. The composition of claim &, wherein the af least one oligopeptide is present m the

composttion m an amount of from about 0.0} mg/’ke to 5 mgke.

10. The composthion of clamm 8 or 8, wherem the composition further comprises an additive

used i an ammal diet,

i1, The composition of claim 10, wheremn the additive comprises an enzyme, a probiotic, a
prebiotic, an anfroxidant, an antibiotic growth promoter, a coloring agent, or a combmation

thereof.
12, A metbod for reducing mntestinal mflammation o a humaa, comprising:
admimistering the pharmaceutical compaostiion of claim 7 to a human having intestinal

milammation, wherein the administration reduces the miestinal mflasnmation.

i3, The method of claim 12, further comprising selecting a human having a disease or

condition assoctated with mitestinal mflanunation.

26
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14, The method of clainy 13, wherein the disease or condition associated with mtestinal
mtlammation comprises inflammatory bowel disease, uritable bowel syndrome, Croba’s dixease,

uleerative colitis, or a bacterial infection.

15, A method for promoting growth i an animal, comprising:
adnunistering the oligopeptide of any of elaims 1-6 to an ammal, wherein the

admuustration enhances the growth of the anumal

16, A method for promoting growth i an animal, comprising:
adnunistering the compostiion of any of clamms 8-11 fo an animal, wheremn the

adminisiration enhances the growth of the animal.

7. A metheod for enhancing feed conversion m an animal, comprising:
admunistermg the ohgopeptide of any of clamms 1-6 to an amimal, wherem the

adminsstration enhances the feed conversion of the animal.

8. A metheod for ephancing feed conversion m an animal, comprising:
admunmistermg the compostiion of any of claims 8-11 fo an amimal, wherein the

adminsstration enhances the feed copversion in the animal.
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