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ORAL FORMULATIONS OF ANGIOTENSIN
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from U.S. Provisional Patent Application Serial
No. 61/701,972, filed on September 17, 2012, the disclosure of which is hereby incorporated in

its entirety.
BACKGROUND

[0002] Oral delivery is typically a desired route of administration because it is more
convenient and involves less patient discomfort as compared to injection, nasal administration
and other administration routes. Oral administration of peptides, however, is generally difficult
because peptides are susceptible to degradation. Oral administration of short peptides like
angiotensins tends to be even more problematic because short peptides typically lack secondary
or tertiary structures and therefore are more susceptible to proteolytic enzymes of both the
stomach and intestines. These enzymes can quickly degrade a short peptide, rendering it inactive

before it can be absorbed into the bloodstream.

SUMMARY OF THE INVENTION

[0003] The present invention provides compositions and methods for effective oral
delivery of an angiotensin peptide. In particular, the present invention provides various oral
formulations that preserve stability of an angiotensin peptide and enhance its absorption to the
blood stream. As a result, an angiotensin peptide delivered according to the present invention

may achieve extended half-life and therapeutically effective bioavailability.

[0004] In one aspect, the present invention provides a solid dosage form for oral
administration including (a) an angiotensin (1-7) peptide, (b) at least one pharmaceutically
acceptable pH-lowering agent, (¢) at least one absorption enhancer effective to promote

bioavailability of the angiotensin (1-7) peptide, and (d) a protective vehicle.
[0005] In some embodiments, a suitable solid dosage form is a capsule or tablet.

[0006] In some embodiments, a suitable pH-lowering agent is citric acid. In some

embodiments, the citric acid is present in an amount greater than about 200 mg (e.g., greater than
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about 250 mg, 300 mg, 350 mg, 400 mg, 450 mg, 500 mg, 550 mg, 600 mg, 650 mg, 700 mg,
750 mg, 800 mg). In some embodiments, the citric acid is present in an amount greater than
about 20% (e.g., greater than 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%) of the total weight of the solid dosage form.

[0007] In some embodiments, a suitable pH-lowering agent is tartaric acid.

[0008] In some embodiments, a suitable absorption enhancer is an acylcarnitine. In some
embodiments, the acylcarnitine is lauroyl carnitine. In some embodiments, the lauroyl carnitine
18 present in an mount ranging from about 20-200 mg (e.g., ranging from 20-150 mg, 20-100 mg,
20-90 mg, 20-80 mg, 50-200 mg, 50-150 mg, 50-100 mg, 50-90 mg, 50-80 mg). In some
embodiments, the lauroyl carnitine is present in an amount of approximately 20 mg, 30 mg, 40
mg, 50 mg, 60 mg, 70 mg, 80 mg, 90 mg, 100 mg, 110 mg, 120 mg, 130 mg, 140 mg, 150 mg,
160 mg, 170 mg, 180 mg, 190 mg, or 200 mg. In some embodiments, the lauroyl carnitine is
present in an mount ranging from about 2-20% (e.g., 2-15%, 2-10%, 2-7.5%, 5-20%, 5-15%, 5-
10%, 5-7.5%) of the total weight of the solid dosage form. In some embodiments, the lauroyl
carnitine is present in an amount of or greater than approximately 1%, 2%, 3%, 4%, 5%, 6%,
7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19% or 20% of the total
weight of the solid dosage form. In some embodiments, the lauroyl carnitine is present in an
amount of or less than approximately 25%, 24%, 23%, 22%, 21%, 20%, 19%, 18%, 17%, 16%,
15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5% of the total weight of the solid dosage

form.

[0009] In some embodiments, a suitable protective vehicle is an enteric coat. In some
embodiments, the protective vehicle constitutes an amount of or less than approximately 25%,
24%, 23%, 22%, 21%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%,
7%, 6%, 5% of the total weight of the solid dosage form.

[0010] In some embodiments, a solid dosage form according to the present invention
further comprises one or more excipients. In particular embodiments, the one or more excipients
are selected from fillers such as PROSOLV®, disintegrants such as POLYPLASDONE™

crospovidone, glidants such as silicon dioxide or lubricants such as sodium stearyl fumarate.

[0011] In some embodiments, a solid dosage form according to the invention further

comprises captopril.
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[0012] In some embodiments, a suitable solid dosage form has a total weight ranging
from about 500-1500 (e.g., from about 500-1200 mg, 500-1000 mg, 600-1500 mg, 600-1200 mg,
600-1000 mg, 700-1500 mg, 700-1200 mg, 700-1000 mg, 800-1500 mg, 800-1200 mg, 800-1000
mg). In some embodiments, a suitable solid dosage form has a total weight of or greater than
about 500 mg, 600 mg, 700 mg, 800 mg, 900 mg, 1000 mg, 1100 mg, 1200 mg, 1300 mg, 1400
mg, or 1500 mg. In some embodiments, a suitable solid dosage form has a total weight of or less
than about 2000 mg, 1900 mg, 1800 mg, 1700 mg, 1600 mg, 1500 mg, 1400 mg, 1300 mg, 1200
mg, 1100 mg, 1000 mg, 900 mg, 800 mg, 700 mg, 600 mg, or 500 mg.

[0013] In some embodiments, an angiotensin (1-7) peptide is present in an amount
ranging from about 10-1000 mg (e.g., about 10-900 mg, 10-800 mg, 10-700 mg, 10-600 mg, 10-
500 mg, 100-1000 mg, 100-900 mg, 100-800 mg, 100-700 mg, 100-600 mg, 100-500 mg, 100-
400 mg, 100-300 mg, 200-1000 mg, 200-900 mg, 200-800 mg, 200-700 mg, 200-600 mg, 200-
500 mg, 200-400 mg, 300-1000 mg, 300-900 mg, 300-800 mg, 300-700 mg, 300-600 mg, 300-
500 mg). In some embodiments, an angiotensin (1-7) peptide is present in an amount of or
greater than about 10 mg, 50 mg, 100 mg, 150 mg, 200 mg, 250 mg, 300 mg, 350 mg, 400 mg,
450 mg, 500 mg, 550 mg, 600 mg, 650 mg, 700 mg, 750 mg, 800 mg. In some embodiments, an
angiotensin (1-7) peptide is present in an amount of or less than about 1000 mg, 950 mg, 900
mg, 850 mg, 800 mg, 750 mg, 700 mg, 650 mg, 600 mg, 550 mg, 500 mg, 450 mg, 400 mg, 350
mg, 300 mg, 250 mg, 200 mg, 150 mg, or 100 mg.

[0014] In particular embodiments, present invention provides a solid dosage form for oral
administration including (a) an angiotensin (1-7) peptide, (b) citric acid, (c) lauroyl carnitine, and
(d) a protective vehicle. In certain embodiments, the citric acid is present in an amount great

than 500 mg and the lauroyl carnitine is present in an amount ranging from 50-100 mg.

[0015] In certain embodiments, the solid dosage form is a capsule or tablet. In certain

embodiments, a suitable protective vehicle is an enteric coat.

[0016] In various embodiments, an angiotensin (1-7) peptide comprises the naturally-
occurring Angiotensin (1-7) amino acid sequence of Asp'-Arg’-Val*-Tyr*-Il¢’-His’-Pro’ (SEQ
ID NO:1).

[0017] In various embodiments, an angiotensin (1-7) peptide is a functional equivalent of

SEQ ID NO:1. In some embodiments, the functional equivalent is a linear peptide. In some
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embodiments, the linear peptide comprises a sequence that includes at least four amino acids
from the seven amino acids that appear in the naturally-occurring Angiotensin (1-7), wherein the
at least four amino acids maintain their relative positions as they appear in the naturally-
occurring Angiotensin (1-7). In some embodiments, the linear peptide comprises a sequence that
includes at least five amino acids from the seven amino acids that appear in the naturally-
occurring Angiotensin (1-7), wherein the at least five amino acids maintain their relative
positions as they appear in the naturally-occurring Angiotensin (1-7). In some embodiments, the
linear peptide comprises a sequence that includes at least six amino acids from the seven amino
acids that appear in the naturally-occurring Angiotensin (1-7), wherein the at least six amino
acids maintain their relative positions as they appear in the naturally-occurring Angiotensin (1-
7). In some embodiments, the at least four, five or six amino acids, respectively, further

maintain their relative spacing as they appear in the naturally-occurring Angiotensin (1-7).

[0018] In some embodiments, the linear peptide contains 4-25 amino acids (e.g., 4-20, 4-
15, 4-14, 4-13, 4-12, 4-11, 4-10, 4-9, 4-8, 4-7 amino acids). In some embodiments, the linear
peptide contains 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 amino

acids.

[0019] In some embodiments, the linear peptide is a fragment of the naturally-occurring

Angiotensin (1-7).

[0020] In some embodiments, the linear peptide contains amino acid substitutions,

deletions and/or insertions in the naturally-occurring Angiotensin (1-7).

[0021] In particular embodiments, the linear peptide has an amino acid sequence of Asp'-

Arg*-Nle’-Tyr*1l¢’-His’-Pro’ (SEQ ID NO:2).

[0022] In particular embodiments, the linear peptide has an amino acid sequence of Asp'-

Arg*-Val’-Ser*-1le’-His’-Cys’ (SEQ ID NO:6).

[0023] In some embodiments, the functional equivalent is a cyclic peptide. In some
embodiments, the cyclic peptide comprises a linkage between amino acids. In some
embodiments, the linkage is located at residues corresponding to positions Tyr" and Pro’ in

naturally-occurring Angiotensin (1-7). In some embodiments, the linkage is a thioether bridge.
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[0024] In particular embodiments, the cyclic peptide comprises an amino acid sequence
otherwise identical to the naturally-occurring Angiotensin (1-7) amino acid sequence of Asp'-

Arg’-Val’-Tyr*-1l¢>-His*-Pro’ (SEQ ID NO:1).

[0025] In certain embodiments, the cyclic peptide comprises a norleucine (Nle) replacing

position Val® in naturally-occurring Angiotensin (1-7).

[0026] In certain embodiments, the cyclic peptide is a 4,7-cyclized angiotensin (1-7) with

the following formula:

H,N \KNH
HN j\%‘\
O O J/i\(\
HO
O NH, O

[0027] In various embodiments, the angiotensin (1-7) peptide comprises one or more

ZT

Iz
Iz

chemical modifications to increase protease resistance, serum stability and/or bioavailability. In

some embodiments, the one or more chemical modifications comprise pegylation.

[0028] The present invention further provides methods for administering an oral

formulation described herein.
[0029] As used in this application, the terms “about” and “approximately” are used as

equivalents. Any numerals used in this application with or without about/approximately are

meant to cover any normal fluctuations appreciated by one of ordinary skill in the relevant art.

[0030] Other features, objects, and advantages of the present invention are apparent in

the detailed description that follows. It should be understood, however, that the detailed
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description, while indicating embodiments of the present invention, is given by way of
illustration only, not limitation. Various changes and modifications within the scope of the

invention will become apparent to those skilled in the art from the detailed description.

BRIEF DESCRIPTION OF THE DRAWING
[0031] The drawing is for illustration purposes only, not for limitation.

[0032] FIG. 1 depicts exemplary results illustrating total exposure of angiotensin (1-7)
represented by area under the curve (AUC) compared between the various routes of

administration.
DEFINITIONS

[0033] In order for the present invention to be more readily understood, certain terms are
first defined below. Additional definitions for the following terms and other terms are set forth

throughout the specification.

[0034] Animal: Asused herein, the term “animal” refers to any member of the animal
kingdom. In some embodiments, “animal” refers to humans, at any stage of development. In
some embodiments, “animal” refers to non-human animals, at any stage of development. In
certain embodiments, the non-human animal is a mammal (e.g., a rodent, a mouse, a rat, a rabbit,
a monkey, a dog, a cat, a sheep, cattle, a primate, and/or a pig). In some embodiments, animals
include, but are not limited to, mammals, birds, reptiles, amphibians, fish, insects, and/or worms.
In some embodiments, an animal may be a transgenic animal, genetically-engineered animal,

and/or a clone.

[0035] Approximately or about: As used herein, the term “approximately” or “about,” as
applied to one or more values of interest, refers to a value that is similar to a stated reference
value. In certain embodiments, the term “approximately” or “about” refers to a range of values
that fall within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%,
7%, 6%, 5%, 4%, 3%, 2%, 1%, or less in either direction (greater than or less than) of the stated
reference value unless otherwise stated or otherwise evident from the context (except where such

number would exceed 100% of a possible value).



WO 2014/043693 PCT/US2013/060139

[0036] Bioavailability: As used herein, the term “bioavailability” generally refers to the

percentage of the administered dose that reaches the blood stream of a subject.

[0037] Biologically active: As used herein, the phrase “biologically active” refers to a
characteristic of any agent that has activity in a biological system, and particularly in an
organism. For instance, an agent that, when administered to an organism, has a biological effect
on that organism, is considered to be biologically active. In particular embodiments, where a
peptide is biologically active, a portion of that peptide that shares at least one biological activity
of the peptide is typically referred to as a “biologically active” portion. In certain embodiments,
a peptide has no intrinsic biological activity but that inhibits the effects of one or more naturally-

occurring angiotensin compounds is considered to be biologically active.

[0038] Carrier or diluent: As used herein, the terms “carrier” and “diluent” refers to a
pharmaceutically acceptable (e.g., safe and non-toxic for administration to a human) carrier or
diluting substance useful for the preparation of a pharmaceutical formulation. Exemplary

diluents include sterile water, bacteriostatic water for injection (BWFI), a pH buffered solution

(e.g. phosphate-buffered saline), sterile saline solution, Ringer's solution or dextrose solution.

[0039] Dosage form: As used herein, the terms “dosage form” and “unit dosage form”
refer to a physically discrete unit of a therapeutic agent for the patient to be treated. Each unit
contains a predetermined quantity of active material calculated to produce the desired therapeutic
effect. It will be understood, however, that the total dosage of the composition will be decided

by the attending physician within the scope of sound medical judgment.

[0040] Dosing regimen: A “dosing regimen” (or “therapeutic regimen”), as that term is
used herein, is a set of unit doses (typically more than one) that are administered individually to a
subject, typically separated by periods of time. In some embodiments, a given therapeutic agent
has a recommended dosing regimen, which may involve one or more doses. In some
embodiments, a dosing regimen comprises a plurality of doses each of which are separated from
one another by a time period of the same length; in some embodiments, a dosing regime
comprises a plurality of doses and at least two different time periods separating individual doses.
In some embodiments, the therapeutic agent is administered continuously over a predetermined
period. In some embodiments, the therapeutic agent is administered once a day (QD) or twice a

day (BID).
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[0041] Excipient. As used herein , the term “excipient” refers to any inert substance
added to a drug and/or formulation for the purposes of improving its physical qualities (i.e.
consistency), pharmacokinetic properties (i.c. bioavailability), pharmacodynamic properties and

combinations thereof.

[0042] Functional equivalent or functional derivative: As used herein, the term
“functional equivalent” or “functional derivative” denotes, in the context of a functional
derivative of an amino acid sequence, a molecule that retains a biological activity that is
substantially similar to that of the original sequence. A functional derivative or equivalent may
be a natural derivative or is prepared recombinantly or synthetically. Exemplary functional
derivatives include amino acid sequences having substitutions, deletions, or additions of one or
more amino acids, provided that the biological activity of the protein is conserved. The
substituting amino acid desirably has chemico-physical properties which are similar to that of the
substituted amino acid. Desirable similar chemico-physical properties include, similarities in
charge, bulkiness, hydrophobicity, hydrophilicity, and the like.

99 C¢;

[0043] Improve, increase, or reduce: Asused herein, the terms “improve,” “increase” or
“reduce,” or grammatical equivalents, indicate values that are relative to a baseline measurement,
such as a measurement in the same individual prior to initiation of the treatment described
herein, or a measurement in a control individual (or multiple control individuals) in the absence
of the treatment described herein. A “control individual” is an individual afflicted with the same
form of disease as the individual being treated, who is about the same age as the individual being
treated (to ensure that the stages of the disease in the treated individual and the control

individual(s) are comparable).

[0044] Invitro: As used herein, the term “in vitro” refers to events that occur in an
artificial environment, e.g., in a test tube or reaction vessel, in cell culture, ezc., rather than within

a multi-cellular organism.

[0045] Invivo: Asused herein, the term “in vivo™ refers to events that occur within a
multi-cellular organism, such as a human and a non-human animal. In the context of cell-based
systems, the term may be used to refer to events that occur within a living cell (as opposed to, for

example, in vitro systems).
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[0046] Isolated: Asused herein, the term “isolated” refers to a substance and/or entity
that has been (1) separated from at least some of the components with which it was associated
when initially produced (whether in nature and/or in an experimental setting), and/or (2)
produced, prepared, and/or manufactured by the hand of man. Isolated substances and/or entities
may be separated from at least about 10%, about 20%, about 30%, about 40%, about 50%, about
60%, about 70%, about 80%, about 90%, about 95%, about 98%, about 99%, substantially
100%, or 100% of the other components with which they were initially associated. In some
embodiments, isolated agents are more than about 80%, about 85%, about 90%, about 91%,
about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%,
substantially 100%, or 100% pure. As used herein, a substance is “pure” if it is substantially free
of other components. As used herein, the term “isolated cell” refers to a cell not contained in a

multi-cellular organism.

[0047] Peptide: The term “peptide” as used herein refers a sequential chain of amino
acids linked together via peptide bonds. Typically, the term is used to refer to an amino acid
chain of short length, but one of ordinary skill in the art will understand that the term is not
limited to any particular length chains and can refer to a minimal chain comprising two amino
acids linked together via a peptide bond. Typically, however, a peptide refers to an amino acid
chain of or less than 50, 45, 40, 35, 30, 25, 20, 15, 10 amino acids. As is known to those skilled

in the art, peptides may be processed and/or modified.

[0048] Pharmaceutically acceptable: As used herein, the term “pharmaceutically-
acceptable” refers to any entity or composition that does not produce an undesirable allergic or

antigenic response when administered to a subject.

[0049] Protein: The term “protein” as used herein refers to one or more polypeptides that
function as a discrete unit. If a single polypeptide is the discrete functioning unit and does not
require permanent or temporary physical association with other polypeptides in order to form the
discrete functioning unit, the terms “polypeptide” and “protein” may be used interchangeably. If
the discrete functional unit is comprised of more than one polypeptide that physically associate
with one another, the term “protein” refers to the multiple polypeptides that are physically

coupled and function together as the discrete unit.



WO 2014/043693 PCT/US2013/060139

[0050] Stability: As used herein, the term “stable” refers to the ability of the therapeutic
agent to maintain its therapeutic efficacy (e.g., all or the majority of its intended biological
activity and/or physiochemical integrity) over extended periods of time. The stability of a
therapeutic agent, and the capability of the pharmaceutical composition to maintain stability of
such therapeutic agent, may be assessed over extended periods of time (e.g., for at least 1, 3, 6,
12, 18, 24, 30, 36 months or more). In certain embodiments, pharmaceutical compositions
described herein have been formulated such that they are capable of stabilizing, or alternatively
slowing or preventing the degradation, of one or more therapeutic agents formulated therewith.
In the context of a formulation a stable formulation is one in which the therapeutic agent therein
essentially retains its physical and/or chemical integrity and biological activity upon storage and

during processes (such as freeze/thaw, mechanical mixing and lyophilization).

[0051] Subject: As used herein, the term “subject” refers to a human or any non-human
animal (e.g., mouse, rat, rabbit, dog, cat, cattle, swine, sheep, horse or primate). A human
includes pre and post natal forms. In many embodiments, a subject is a human being. A subject
can be a patient, which refers to a human presenting to a medical provider for diagnosis or
treatment of a disease. The term “subject” is used herein interchangeably with “individual” or
“patient.” A subject can be afflicted with or is susceptible to a disease or disorder but may or

may not display symptoms of the disease or disorder.

[0052] Substantially: Asused herein, the term “substantially” refers to the qualitative
condition of exhibiting total or near-total extent or degree of a characteristic or property of
interest. One of ordinary skill in the biological arts will understand that biological and chemical
phenomena rarely, if ever, go to completion and/or proceed to completeness or achieve or avoid
an absolute result. The term “substantially” is therefore used herein to capture the potential lack

of completeness inherent in many biological and chemical phenomena.

[0053] Therapeutically effective amount. As used herein, the term “therapeutically
effective amount” of a therapeutic agent means an amount that is sufficient, when administered
to a subject suffering from or susceptible to a disease, disorder, and/or condition, to treat,
diagnose, prevent, and/or delay the onset of the symptom(s) of the disease, disorder, and/or

condition. It will be appreciated by those of ordinary skill in the art that a therapeutically

10



WO 2014/043693 PCT/US2013/060139

effective amount is typically administered via a dosing regimen comprising at least one unit

dose.

[0054] Treating: Asused herein, the term “treat,” “treatment,” or “treating” refers to any
method used to partially or completely alleviate, ameliorate, relieve, inhibit, prevent, delay onset
of, reduce severity of and/or reduce incidence of one or more symptoms or features of a
particular disease, disorder, and/or condition. Treatment may be administered to a subject who
does not exhibit signs of a discase and/or exhibits only early signs of the disease for the purpose

of decreasing the risk of developing pathology associated with the disease.

[0055] Other features, objects, and advantages of the present invention are apparent in
the detailed description that follows. It should be understood, however, that the detailed
description, while indicating embodiments of the present invention, is given by way of
illustration only, not limitation. Various changes and modifications within the scope of the

invention will become apparent to those skilled in the art from the detailed description.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

[0056] Among other things, the present invention provides formulations of angiotensin
(1-7) (Ang-(1-7)) suitable for oral administration to a subject. Such administration could be for a

variety of reasons including treatment of a disease, disorder or condition.

[0057] In some embodiments, a solid dosage form for oral administration is provided
including (a) an angiotensin (1-7) peptide, (b) at least one pharmaceutically acceptable pH-
lowering agent, (c) at least one absorption enhancer effective to promote bioavailability of the

angiotensin (1-7) peptide, and (d) a protective vehicle.

[0058] In some embodiments, the solid dosage form is a capsule or tablet. Various
methods and ingredients for making oral formulations are known in the art and it is expected that
one of skill would be able to determine which of these methods and ingredients will be
compatible with the invention as described in this specification. Such methods and ingredients

are also contemplated as within the scope of the present invention.

11
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[0059] Various aspects of the invention are described in detail in the following sections.
The use of sections is not meant to limit the invention. Each section can apply to any aspect of

the invention. In this application, the use of “or” means “and/or” unless stated otherwise.

Angiotensin (1-7) peptides

[0060] As used herein, the term “angiotensin (1-7) peptide” refers to both naturally-
occurring Angiotensin (1-7) and any functional equivalent, analogue or derivative of naturally-
occurring Angiotensin (1-7). As used herein, “peptide” and “polypeptide” are interchangeable
terms and refer to two or more amino acids bound together by a peptide bond. As used herein,
the terms “peptide” and “polypeptide” include both linear and cyclic peptide. The terms
“angiotensin-(1-7)”, “Angiotensin-(1-7)”, and “Ang-(1-7)” are used interchangeably.

Naturally-occurring Angiotensin (1-7)

[0061] Naturally-occurring Angiotensin (1-7) (also referred to as Ang-(1-7)) is a seven

amino acid peptide shown below:
Asp'-Arg*-Val’-Tyr*Il¢>-His’-Pro’ (SEQ ID NO:1)

It is part of the renin-angiotensin system and is converted from a precursor, also known as
Angiotensinogen, which is an a-2-globulin that is produced constitutively and released into the
circulation mainly by the liver. Angiotensinogen is a member of the serpin family and also
known as renin substrate. Human angiotensinogen is 452 amino acids long, but other species
have angiotensinogen of varying sizes. Typically, the first 12 amino acids are the most

important for angiotensin activity:
Asp'-Arg*-Val’-Tyr*Ile’-His’-Pro’-Phe®-His’-Leu'’-Val''-Ile'? (SEQ ID NO:4)

[0062] Different types of angiotensin may be formed by the action of various enzymes.
For example, Angiotensin (1-7) is generated by action of Angiotensin-converting enzyme 2

(ACE 2).

[0063] Ang-(1-7) is an endogenous ligand for Mas receptors. Mas receptors are G-
protein coupled receptor containing seven transmembrane spanning regions. As used herein, the

term “angiotensin-(1-7) receptor’ encompasses the G Protein-Coupled Mas Receptors.

12
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[0064] As used herein, the term “naturally-occurring Angiotensin (1-7)” includes any
Angiotensin (1-7) peptide purified from natural sources and any recombinantly produced or
chemically synthesized peptides that have an amino acid sequence identical to that of the

naturally-occurring Angiotensin (1-7).
Functional equivalents, analogs or derivatives of Ang-(1-7)

[0065] In some embodiments, an angiotensin (1-7) peptide suitable for the present
invention is a functional equivalent of naturally-occurring Ang-(1-7). As used herein, a
functional equivalent of naturally-occurring Ang-(1-7) refers to any peptide that shares amino
acid sequence identity to the naturally-occurring Ang-(1-7) and retain substantially the same or
similar activity as the naturally-occurring Ang-(1-7). For example, in some embodiments, a
functional equivalent of naturally-occurring Ang-(1-7) described herein has pro-angiogenic
activity as determined using methods described herein or known in the art, or an activity such as
nitric oxide release, vasodilation, improved endothelial function, antidiuresis, or one of the other
properties discussed herein, that positively impacts angiogenesis. In some embodiments, a
functional equivalent of naturally-occurring Ang-(1-7) described herein can bind to or activate an
angiotensin-(1-7) receptor (e.g., the G protein-coupled Mas receptor) as determined using
various assays described herein or known in the art. In some embodiments, a functional
equivalent of Ang-(1-7) is also referred to as an angiotensin (1-7) analogue or derivative, or

functional derivative.

[0066] Typically, a functional equivalent of angiotensin (1-7) shares amino acid
sequence similarity to the naturally-occurring Ang-(1-7). In some embodiments, a functional
equivalent of Ang-(1-7) according to the invention contains a sequence that includes at least 3
(e.g., at least 4, at least 5, at least 6, at least 7) amino acids from the seven amino acids that
appear in the naturally-occurring Ang-(1-7), wherein the at least 3 (e.g., at least 4, at least 5, at
least 6, or at least 7) amino acids maintain their relative positions and/or spacing as they appear

in the naturally-occurring Ang-(1-7).

[0067] In some embodiments, a functional equivalent of Ang-(1-7) also encompass any
peptide that contain a sequence at least 50% (e.g., at least 60%, 70%, 80%, or 90%) identical to
the amino acid sequence of naturally-occurring Ang-(1-7). Percentage of amino acid sequence

identity can be determined by alignment of amino acid sequences. Alignment of amino acid
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sequences can be achieved in various ways that are within the skill in the art, for instance, using
publicly available computer software such as BLAST, ALIGN or Megalign (DNASTAR)
software. Those skilled in the art can determine appropriate parameters for measuring

alignment, including any algorithms needed to achieve maximal alignment over the full length of
the sequences being compared. Preferably, the WU-BLAST-2 software is used to determine
amino acid sequence identity (Altschul ef al., Methods in Enzymology 266, 460-480 (1996);
http://blast.wustl/edu/blast/ README.html). WU-BLAST-2 uses several search parameters,

most of which are set to the default values. The adjustable parameters are set with the following
values: overlap span=1, overlap fraction=0.125, word threshold (T)=11. HSP score (S) and HSP
S2 parameters are dynamic values and are established by the program itself, depending upon the
composition of the particular sequence, however, the minimum values may be adjusted and are

set as indicated above.

[0068] In some embodiments, a functional equivalent, analogue or derivative of Ang-(1-
7) is a fragment of the naturally-occurring Ang-(1-7). In some embodiments, a functional
equivalent, analogue or derivative of Ang-(1-7) contains amino acid substitutions, deletions
and/or insertions in the naturally-occurring Ang-(1-7). Ang-(1-7) functional equivalents,
analogues or derivatives can be made by altering the amino acid sequences by substitutions,
additions, and/or deletions. For example, one or more amino acid residues within the sequence
of the naturally-occurring Ang-(1-7) (SEQ ID NO:1) can be substituted by another amino acid of
a similar polarity, which acts as a functional equivalent, resulting in a silent alteration.
Substitution for an amino acid within the sequence may be selected from other members of the
class to which the amino acid belongs. For example, the positively charged (basic) amino acids
include arginine, lysine, and histidine. The nonpolar (hydrophobic) amino acids include leucine,
isoleucine, alanine, phenylalanine, valine, proline, tryptophane, and methionine. The uncharged
polar amino acids include serine, threonine, cysteine, tyrosine, asparagine, and glutamine. The
negatively charged (acid) amino acids include glutamic acid and aspartic acid. The amino acid
glycine may be included in either the nonpolar amino acid family or the uncharged (neutral)
polar amino acid family. Substitutions made within a family of amino acids are generally
understood to be conservative substitutions. For example, the amino acid sequence of a peptide

inhibitor can be modified or substituted.
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[0069] Examples of Ang-(1-7) functional equivalents, analogues and derivatives are

described in the section entitled “Exemplary Angiotensin(1-7) Peptides” below.

[0070] An angiotensin-(1-7) peptide can be of any length. In some embodiments, an
angiotensin-(1-7) peptide according to the present invention can contain, for example, from 4-25
amino acids (e.g., 4-20, 4-15, 4-14, 4-13, 4-12, 4-11, 4-10, 4-9, 4-8, 4-7 amino acids). In some
embodiments, the linear peptide contains 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 16, 17, 18, 19, 20, 21,
22,23, 24, or 25 amino acids.

[0071] In some embodiments, an angiotensin-(1-7) peptide contains one or more
modifications to increase protease resistance, serum stability and/or bioavailability. In some
embodiments, suitable modifications are selected from pegylation, acetylation, glycosylation,
biotinylation, substitution with D-amino acid and/or un-natural amino acid, and/or cyclization of

the peptide.

[0072] As used herein, the term “amino acid,” in its broadest sense, refers to any
compound and/or substance that can be incorporated into a polypeptide chain. In certain
embodiments, an amino acid has the general structure H;N-C(H)(R)-COOH. In certain
embodiments, an amino acid is a naturally-occurring amino acid. In certain embodiments, an
amino acid is a synthetic or un-natural amino acid (e.g., a,a-disubstituted amino acids, N-alkyl
amino acids); in some embodiments, an amino acid is a d-amino acid; in certain embodiments,
an amino acid is an l-amino acid. “Standard amino acid” refers to any of the twenty standard
amino acids commonly found in naturally occurring peptides including both 1- and d- amino
acids which are both incorporated in peptides in nature. “Nonstandard” or “unconventional
amino acid” refers to any amino acid, other than the standard amino acids, regardless of whether
it is prepared synthetically or obtained from a natural source. As used herein, “synthetic or un-
natural amino acid” encompasses chemically modified amino acids, including but not limited to
salts, amino acid derivatives (such as amides), and/or substitutions. Amino acids, including
carboxy- and/or amino-terminal amino acids in peptides, can be modified by methylation,
amidation, acetylation, and/or substitution with other chemical groups that can change the
peptide’s circulating half-life without adversely affecting its activity. Examples of
unconventional or un-natural amino acids include, but are not limited to, citrulline, ornithine,

norleucine, norvaline, 4-(E)-butenyl-4(R)-methyl-N-methylthreonine (MeBmt), N-methyl-
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leucine (MeLeu), aminoisobutyric acid, statine, and N-methyl-alanine (MeAla). Amino acids

may participate in a disulfide bond. The term “amino acid” is used interchangeably with “amino
acid residue,” and may refer to a free amino acid and/or to an amino acid residue of a peptide. It
will be apparent from the context in which the term is used whether it refers to a free amino acid

or a residue of a peptide.

[0073] In certain embodiments, angiotensin-(1-7) peptides contain one or more L-amino

acids, D-amino acids, and/or un-natural amino acids.

[0074] In addition to peptides containing only naturally occurring amino acids,
peptidomimetics or peptide analogs are also encompassed by the present invention. Peptide
analogs are commonly used in the pharmaceutical industry as non-peptide drugs with properties
analogous to those of the template peptide. The non-peptide compounds are termed “peptide
mimetics” or peptidomimetics (Fauchere et al., Infect. Immun. 54:283-287 (1986); Evans et al., J.
Med. Chem. 30:1229-1239 (1987)). Peptide mimetics that are structurally related to
therapeutically useful peptides and may be used to produce an equivalent or enhanced
therapeutic or prophylactic effect. Generally, peptidomimetics are structurally similar to the
paradigm polypeptide (i.c., a polypeptide that has a biological or pharmacological activity) such
as naturally-occurring receptor-binding polypeptides, but have one or more peptide linkages
optionally replaced by linkages such as -CH,NH—-, -CH,S—, -CH,—CH,—, -CH=CH- (cis and
trans), -CH,SO—-, -CH(OH)CH;—, -COCH,- etc., by methods well known in the art (Spatola,
Peptide Backbone Modifications, Vega Data, 1(3):267 (1983); Spatola et al. Life Sci. 38:1243-
1249 (1986); Hudson et al. Int. J. Pept. Res. 14:177-185 (1979); and Weinstein. B., 1983,
Chemistry and Biochemistry, of Amino Acids, Peptides and Proteins, Weinstein eds, Marcel
Dekker, New-York,). Such peptide mimetics may have significant advantages over naturally-
occurring polypeptides including more economical production, greater chemical stability,
enhanced pharmacological properties (e.g., half-life, absorption, potency, efficiency, etc.),

reduced antigenicity and others.

[0075] Ang-(1-7) peptides also include other types of peptide derivatives containing
additional chemical moieties not normally part of the peptide, provided that the derivative retains
the desired functional activity of the peptide. Examples of such derivatives include (1) N-acyl

derivatives of the amino terminal or of another free amino group, wherein the acyl group may be
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an alkanoyl group (e.g., acetyl, hexanoyl, octanoyl) an aroyl group (e.g., benzoyl) or a blocking
group such as F-moc (fluorenylmethyl-O—CO-); (2) esters of the carboxy terminal or of another
free carboxy or hydroxyl group; (3) amide of the carboxy-terminal or of another free carboxyl
group produced by reaction with ammonia or with a suitable amine; (4) phosphorylated
derivatives; (5) derivatives conjugated to an antibody or other biological ligand and other types

of derivatives; and (6) derivatives conjugated to a polyethylene glycol (PEG) chain.

[0076] Ang-(1-7) peptides may be obtained by any method of peptide synthesis known to
those skilled in the art, including synthetic (e.g., exclusive solid phase synthesis, partial solid
phase synthesis, fragment condensation, classical solution synthesis, native-chemical ligation)
and recombinant techniques. For example, the peptides or peptides derivatives can be obtained
by solid phase peptide synthesis, which in brief, consist of coupling the carboxyl group of the C-
terminal amino acid to a resin (e.g., benzhydrylamine resin, chloromethylated resin,
hydroxymethyl resin) and successively adding N-alpha protected amino acids. The protecting
groups may be any such groups known in the art. Before each new amino acid is added to the
growing chain, the protecting group of the previous amino acid added to the chain is removed.
Such solid phase synthesis has been disclosed, for example, by Merrifield, J. Am. Chem. Soc. 85:
2149 (1964); Vale et al., Science 213:1394-1397 (1981), in U.S. Patent Numbers 4, 305, 872 and
4,316, 891, Bodonsky et al. Chem. Ind. (London), 38:1597 (1966); and Pietta and Marshall,
Chem. Comm. 650 (1970) by techniques reviewed in Lubell et al. “Peptides” Science of
Synthesis 21.11, Chemistry of Amides. Thieme, Stuttgart, 713-809 (2005). The coupling of
amino acids to appropriate resins is also well known in the art and has been disclosed in U.S.
Patent Number 4,244,946. (Reviewed in Houver-Weyl, Methods of Organic Chemistry. Vol
E22a. Synthesis of Peptides and Peptidomimetics, Murray Goodman, Editor-in-Chief, Thieme.
Stuttgart. New York 2002).

[0077] Unless defined otherwise, the scientific and technological terms and nomenclature
used herein have the same meaning as commonly understood by a person of ordinary skill to
which this invention pertains. Generally, the procedures of cell cultures, infection, molecular
biology methods and the like are common methods used in the art. Such standard techniques can
be found in reference manuals such as, for example, Ausubel et al., Current Protocols in
Molecular Biology, Wiley Interscience, New York, 2001; and Sambrook et al., Molecular
Cloning: A Laboratory Manual, 3" edition, Cold Spring Harbor Laboratory Press, N.Y., 2001.
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[0078] During any process of the preparation of an Ang-(1-7) peptide, it may be desirable
to protect sensitive reactive groups on any of the molecule concerned. This may be achieved by
means of conventional protecting groups such as those described in Protective Groups In
Organic Synthesis by T.W. Greene & P.G.M. Wuts, 1991, John Wiley and Sons, New-York; and
Peptides: chemistry and Biology by Sewald and Jakubke, 2002, Wiley-VCH, Wheinheim p.142.
For example, alpha amino protecting groups include acyl type protecting groups (e.g.,
trifluoroacetyl, formyl, acetyl), aliphatic urethane protecting groups (e.g., t-butyloxycarbonyl
(BOC), cyclohexyloxycarbonyl), aromatic urethane type protecting groups (e.g., fluorenyl-9-
methoxy-carbonyl (Fmoc), benzyloxycarbonyl (Cbz), Cbz derivatives) and alkyl type protecting
groups (e.g., triphenyl methyl, benzyl). The amino acids side chain protecting groups include
benzyl (for Thr and Ser), Cbz (Tyr, Thr, Ser, Arg, Lys), methyl ethyl, cyclohexyl (Asp, His), Boc
(Arg, His, Cys) etc. The protecting groups may be removed at a convenient subsequent stage

using methods known in the art.

[0079] Further, Ang-(1-7) peptides may be synthesized according to the FMOC protocol
in an organic phase with protective groups. Desirably, the peptides are purified with a yield of
70% with high-pressure liquid chromatography (HPLC) on a C18 chromatography column and
cluted with an acetonitrile gradient of 10-60%. The molecular weight of a peptide can be
verified by mass spectrometry (reviewed in Fields, G.B. “Solid-Phase Peptide Synthesis”
Methods in Enzymology. Vol. 289, Academic Press, 1997).

[0080] Alternatively, Ang-(1-7) peptides may be prepared in recombinant systems using,
for example, polynucleotide sequences encoding the polypeptides. It is understood that a
polypeptide may contain more than one of the above-described modifications within the same

polypeptide.

[0081] While peptides may be effective in eliciting a biological activity in vitro, their
effectiveness in vivo might be reduced by the presence of proteases. Serum proteases have
specific substrate requirements. The substrate must have both L-amino acids and peptide bonds
for cleavage. Furthermore, exopeptidases, which represent the most prominent component of the
protease activity in serum, usually act on the first peptide bond of the peptide and require a free
N-terminus (Powell et al., Pharm. Res. 10:1268-1273 (1993)). In light of this, it is often

advantageous to use modified versions of peptides. The modified peptides retain the structural
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characteristics of the original L-amino acid peptides that confer the desired biological activity of
Ang-(1-7) but are advantageously not readily susceptible to cleavage by protease and/or

exopeptidases.

[0082] Systematic substitution of one or more amino acids of a consensus sequence with
D-amino acid of the same type (e.g., D-lysine in place of L-lysine) may be used to generate more
stable peptides. Thus, a peptide derivative or peptidomimetic of the present invention may be all
L, all D or mixed D, L peptide, in either forward or reverse order. The presence of an N-terminal
or C-terminal D-amino acid increases the in vivo stability of a peptide since peptidases cannot
utilize a D-amino acid as a substrate (Powell et al., Pharm. Res. 10:1268-1273 (1993)). Reverse-
D peptides are peptides containing D-amino acids, arranged in a reverse sequence relative to a
peptide containing L-amino acids. Thus, the C-terminal residue of an L-amino acid peptide
becomes N-terminal for the D-amino acid peptide, and so forth. Reverse D-peptides retain the
same secondary conformation and therefore similar activity, as the L-amino acid peptides, but
are more resistant to enzymatic degradation in vitro and in vivo, and thus can have greater
therapeutic efficacy than the original peptide (Brady and Dodson, Nature 368:692-693 (1994);
Jameson et al., Nature 368:744-746 (1994)). Similarly, a reverse-L peptide may be generated
using standard methods where the C-terminus of the parent peptide becomes takes the place of
the N-terminus of the reverse-L peptide. It is contemplated that reverse L-peptides of L-amino
acid peptides that do not have significant secondary structure (e.g., short peptides) retain the
same spacing and conformation of the side chains of the L-amino acid peptide and therefore
often have the similar activity as the original L-amino acid peptide. Moreover, a reverse peptide
may contain a combination of L- and D-amino acids. The spacing between amino acids and the
conformation of the side chains may be retained resulting in similar activity as the original L-

amino acid peptide.

[0083] Another effective approach to confer resistance to peptidases acting on the N-
terminal or C-terminal residues of a peptide is to add chemical groups at the peptide termini,
such that the modified peptide is no longer a substrate for the peptidase. One such chemical
modification is glycosylation of the peptides at either or both termini. Certain chemical
modifications, in particular N-terminal glycosylation, have been shown to increase the stability
of peptides in human serum (Powell et al., Pharm. Res. 10:1268-1273 (1993)). Other chemical

modifications which enhance serum stability include, but are not limited to, the addition of an N-
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terminal alkyl group, consisting of a lower alkyl of from one to twenty carbons, such as an acetyl
group, and/or the addition of a C-terminal amide or substituted amide group. In particular, the
present invention includes modified peptides consisting of peptides bearing an N-terminal acetyl

group and/or a C-terminal amide group.

[0084] Substitution of non-naturally-occurring amino acids for natural amino acids in a
subsequence of the peptides can also confer resistance to proteolysis. Such a substitution can,
for instance, confer resistance to proteolysis by exopeptidases acting on the N-terminus without
affecting biological activity. Examples of non-naturally-occurring amino acids include o, -
disubstituted amino acids, N-alkyl amino acids, C-a-methyl amino acids, f-amino acids, and -
methyl amino acids. Amino acids analogs useful in the present invention may include, but are
not limited to, B-alanine, norvaline, norleucine, 4-aminobutyric acid, orithine, hydroxyproline,
sarcosine, citrulline, cysteic acid, cyclohexylalanine, 2-aminoisobutyric acid, 6-aminohexanoic
acid, t-butylglycine, phenylglycine, o-phosphoserine, N-acetyl serine, N-formylmethionine, 3-
methylhistidine and other unconventional amino acids. Furthermore, the synthesis of peptides

with non-naturally-occurring amino acids is routine in the art.

[0085] In addition, constrained peptides comprising a consensus sequence or a
substantially identical consensus sequence variation may be generated by methods well known in
the art (Rizo and Gierasch, Ann. Rev. Biochem. 61:387-418 (1992)). For example, constrained
peptides may be generated by adding cysteine residues capable of forming disulfide bridges and,
thereby, resulting in a cyclic peptide. Cyclic peptides can be constructed to have no free N- or
C-termini. Accordingly, they are not susceptible to proteolysis by exopeptidases, although they
may be susceptible to endopeptidases, which do not cleave at peptide termini. The amino acid
sequences of the peptides with N-terminal or C-terminal D-amino acids and of the cyclic
peptides are usually identical to the sequences of the peptides to which they correspond, except
for the presence of N-terminal or C-terminal D-amino acid residue, or their circular structure,

respectively.
Cyclic Peptides

[0086] In some embodiments, a functional equivalent, analogue or derivative of
naturally-occurring Ang-(1-7) is a cyclic peptide. As used herein, a cyclic peptide has an

intramolecular covalent bond between two non-adjacent residues. The intramolecular bond may

20



WO 2014/043693 PCT/US2013/060139

be a backbone to backbone, side-chain to backbone or side-chain to side-chain bond (i.e.,
terminal functional groups of a linear peptide and/or side-chain functional groups of a terminal or
interior residue may be linked to achieve cyclization). Typical intramolecular bonds include
disulfide, amide and thioether bonds. A variety of means for cyclizing polypeptides are well
known in the art, as are many other modifications that can be made to such peptides. For a
general discussion, see International Patent Publication Nos. WO 01/53331 and WO 98/02452,
the contents of which are incorporated herein by reference. Such cyclic bonds and other
modifications can also be applied to the cyclic peptides and derivative compounds of this

invention.

[0087] Cyclic peptides as described herein may comprise residues of L-amino acids, D-
amino acids, or any combination thereof. Amino acids may be from natural or non-natural
sources, provided that at least one amino group and at least one carboxyl group are present in the
molecule; a- and B-amino acids are generally preferred. Cyclic peptides may also contain one or
more rare amino acids (such as 4-hydroxyproline or hydroxylysine), organic acids or amides
and/or derivatives of common amino acids, such as amino acids having the C-terminal
carboxylate esterified (e.g., benzyl, methyl or ethyl ester) or amidated and/or having
modifications of the N-terminal amino group (e.g., acetylation or alkoxycarbonylation), with or
without any of a wide variety of side-chain modifications and/or substitutions (e.g., methylation,
benzylation, t-butylation, tosylation, alkoxycarbonylation, and the like). Suitable derivatives
include amino acids having an N-acetyl group (such that the amino group that represents the N-
terminus of the linear peptide prior to cyclization is acetylated) and/or a C-terminal amide group
(i.e., the carboxy terminus of the linear peptide prior to cyclization is amidated). Residues other
than common amino acids that may be present with a cyclic peptide include, but are not limited
to, penicillamine, B,p-tetramethylene cysteine, p,B-pentamethylene cysteine, -
mercaptopropionic acid, B,B-pentamethylene-p-mercaptopropionic acid, 2-mercaptobenzene, 2-
mercaptoaniline, 2-mercaptoproline, ornithine, diaminobutyric acid, a-aminoadipic acid, m-

aminomethylbenzoic acid and a,B-diaminopropionic acid.

[0088] Following synthesis of a linear peptide, with or without N-acetylation and/or C-
amidation, cyclization may be achieved by any of a variety of techniques well known in the art.
Within one embodiment, a bond may be generated between reactive amino acid side chains. For

example, a disulfide bridge may be formed from a linear peptide comprising two thiol-containing
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residues by oxidizing the peptide using any of a variety of methods. Within one such method, air
oxidation of thiols can generate disulfide linkages over a period of several days using either basic
or neutral aqueous media. The peptide is used in high dilution to minimize aggregation and
intermolecular side reactions. Alternatively, strong oxidizing agents such as I, and K3Fe(CN)g
can be used to form disulfide linkages. Those of ordinary skill in the art will recognize that care
must be taken not to oxidize the sensitive side chains of Met, Tyr, Trp or His. Within further
embodiments, cyclization may be achieved by amide bond formation. For example, a peptide
bond may be formed between terminal functional groups (i.c., the amino and carboxy termini of
a linear peptide prior to cyclization). Within another such embodiment, the linear peptide
comprises a D-amino acid. Alternatively, cyclization may be accomplished by linking one
terminus and a residue side chain or using two side chains, with or without an N-terminal acetyl
group and/or a C-terminal amide. Residues capable of forming a lactam bond include lysine,
ornithine (Orn), a-amino adipic acid, m-aminomethylbenzoic acid, a,B-diaminopropionic acid,
glutamate or aspartate. Methods for forming amide bonds are generally well known in the art.
Within one such method, carbodiimide-mediated lactam formation can be accomplished by
reaction of the carboxylic acid with DCC, DIC, ED AC or DCCI, resulting in the formation of an
O-acylurea that can be reacted immediately with the free amino group to complete the
cyclization. Alternatively, cyclization can be performed using the azide method, in which a
reactive azide intermediate is generated from an alkyl ester via a hydrazide. Alternatively,
cyclization can be accomplished using activated esters. The presence of electron withdrawing
substituents on the alkoxy carbon of esters increases their susceptibility to aminolysis. The high
reactivity of esters of p-nitrophenol, N-hydroxy compounds and polyhalogenated phenols has
made these "active esters” useful in the synthesis of amide bonds. Within a further embodiment,
a thioether linkage may be formed between the side chain of a thiol-containing residue and an
appropriately derivatized a-amino acid. By way of example, a lysine side chain can be coupled
to bromoacetic acid through the carbodiimide coupling method (DCC, EDAC) and then reacted
with the side chain of any of the thiol containing residues mentioned above to form a thioether
linkage. In order to form dithioethers, any two thiol containing side-chains can be reacted with

dibromoethane and diisopropylamine in DMF.

22



WO 2014/043693 PCT/US2013/060139

Exemplary Angiotensin-(1-7) Peptides
[0089] In certain aspects, the invention provides linear angiotensin-(1-7) peptides. As
discussed above, the structure of naturally-occurring Ang-(1-7) is as follows:
Asp'-Arg*-Val’-Tyr*Il¢>-His’-Pro’ (SEQ ID NO:1)
[0090] The peptides and peptide analogs of the invention can be generally represented by
the following sequence:
Xaa'-Xaa’-Xaa’-Xaa'-Xaa’-Xaa’-Xaa’ (SEQ ID NO:5),
or a pharmaceutically acceptable salt thereof.
[0091] Xaa' is any amino acid or a dicarboxylic acid. In certain embodiments, Xaa' is
Asp, Glu, Asn, Acpc (1-aminocyclopentane carboxylic acid), Ala, Me,Gly (N,N-
dimethylglycine), Pro, Bet (betaine, 1-carboxy-N,N,N-trimethylmethanaminium hydroxide),
Glu, Gly, Asp, Sar (sarcosine) or Suc (succinic acid). In certain such embodiments, Xaa' is a

negatively-charged amino acid, such as Asp or Glu, typically Asp.

[0092] Xaa® is Arg, Lys, Ala, Cit (citrulline), Orn (ornithine), acetylated Ser, Sar, D-Arg
and D-Lys. In certain embodiments, Xaa® is a positively-charged amino acid such as Arg or Lys,
typically Arg.

[0093] Xaa® is Val, Ala, Leu, Nle (norleucine), Ile, Gly, Lys, Pro, HydroxyPro
(hydroxyproline), Aib (2-aminoisobutyric acid), Acpc or Tyr. In certain embodiments, Xaa® is
an aliphatic amino acid such as Val, Leu, Ile or Nle, typically Val or Nle.

[0094] Xaa® is Tyr, Tyr(POs), Thr, Ser, homoSer (homoserine), azaTyr (aza-o'-homo-L-
tyrosine) or Ala. In certain embodiments, Xaa* is a hydroxyl-substituted amino acid such as Tyr,

Ser or Thr, typically Tyr.

[0095] Xaa’ is Ile, Ala, Leu, norLeu, Val or Gly. In certain embodiments, Xaa’ is an

aliphatic amino acid such as Val, Leu, Ile or Nle, typically Ile.

[0096] Xaa® is His, Arg or 6-NH,-Phe (6-aminophenylalaine). In certain embodiments,

Xaa® is a fully or partially positively-charged amino acid such as Arg or His.

[0097] Xaa’ is Cys, Pro or Ala.
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[0098] In certain embodiments, one or more of Xaa'-Xaa’ is identical to the
corresponding amino acid in naturally-occurring Ang-(1-7). In certain such embodiments, all but
one or two of Xaa'-Xaa’ are identical to the corresponding amino acid in naturally-occurring
Ang-(1-7). In other embodiments, all of Xaa'-Xaa® are identical to the corresponding amino acid

in naturally-occurring Ang-(1-7).

[0099] In certain embodiments, Xaa® is Nle. When Xaa® is Nle, one or more of Xaa'-
Xaa” and Xaa™" are optionally identical to the corresponding amino acid in naturally-occurring
Ang-(1-7). In certain such embodiments, all but one or two of Xaa'-Xaa® and Xaa"” are
identical to the corresponding amino acid in naturally-occurring Ang-(1-7). In other
embodiments, all of Xaa'-Xaa® and Xaa"" are identical to the corresponding amino acid in
naturally-occurring Ang-(1-7), resulting in the amino acid sequence: Asp-Arg-Nle-Tyr-Ile-His-

Pro (SEQ ID NO:2).

[0100] In certain embodiments, the peptide has the amino acid sequence Asp-Arg-Nle-
Tyr-1le-His-Pro (SEQ ID NO:2).

[0101] In certain embodiments, the peptide has the amino acid sequence Asp-Arg-Val-
Ser-Ile-His-Cys (SEQ ID NO:6) or Asp-Arg-Val-ser-Ile-His-Cys (SEQ ID NO:3).

[0102] In some embodiments, a linear angiotensin (1-7) peptide as used herein is a
peptide having a sequence of Asp'-Arg’-Val’-Tyr*-Ile’-His’-Pro’-Phe®-His’ (SEQ ID NO: 23),
which is identical to the sequence of Ang(1-9). In some embodiments, an angiotensin (1-7)
peptide is a derivative of Ang (1-9). For exemplary Ang (1-9) peptides, including Ang(1-9)
derivatives, see U.S. Patent Publication 2012/0172301, the disclosure of which is hereby

incorporated by reference.

[0103] In some embodiments, a linear angiotensin (1-7) peptide is a peptide with an
amino acid sequence of Ala'-Arg’-Val’-Tyr’-Ile’-His’-Pro’ (SEQ ID NO: 24). Additional
sequences derived from SEQ ID NO: 24 may be found in European Patent Application
2,264,048, the disclosure of which is hereby incorporated by reference.

[0104] Further contemplated are variants of the linear peptides described herein, wherein

the variants maintain one or more functional properties of the comparator peptide. Variants may
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have at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least

98%, or at least 99% sequence identity to any of the exemplary linear peptides described herein.
Exemplary Cyclic Angiotensin (1-7) Peptides

[0105] In certain aspects, the invention provides a cyclic angiotensin-(1-7) (Ang-(1-7))
peptide analog comprising a linkage, such as between the side chains of amino acids
corresponding to positions Tyr® and Pro” in Ang. These peptide analogs typically comprise 7
amino acid residues, but can also include a cleavable sequence. As discussed in greater detail
below, the invention includes fragments and analogs where one or more amino acids are

substituted by another amino acid (including fragments).

[0106] Although the following section describes aspects of the invention in terms of a
thioether bond linking residues at the 4- and 7-positions, it should be understood that other
linkages (as described above) could replace the thioether bridge and that other residues could be
cyclized. A thioether bridge is also referred to as a monosulfide bridge or, in the case of Ala-S-
Ala, as a lanthionine bridge. Thioether bridge-containing peptides can be formed by two amino

acids having one of the following formulas:

0 4 0 7
A A
N o N o

R2 R3_ R4

S

Formula (1)
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/ZI
s

R'— R? N 0
R3—| R4 RS R6
S
Formula (II)
o 7

N ') R3—— R*
R']_ R2 R5 R6
S
Formula (IIT)
[0107] In these formulae, R', R%, R?, R*, R’ and R® are independently -H, an alkyl (e.g.,

C:-Cs alkyl, Cy-C4 alkyl) or an aralkyl group, where the alkyl and aralkyl groups are optionally
substituted with one or more halogen, -OH or -NRR’ groups (where R and R’ are independently
—H or C;-C4 alkyl). In certain embodiments, R', R% R?, RY, R’ and R® are cach independently -H

or -CHs, such where all are —H.

[0108] In certain embodiments, the invention provides an Ang analog or derivative
comprising a thioether bridge according to formula (I). Typically, R', R*, R* and R* are
independently selected from -H and -CHs;. Peptides comprising a thioether bridge according to
formula (I) can be produced, for example, by lantibiotic enzymes or by sulfur extrusion of a

disulfide. In one example, the disulfide from which the sulfur is extruded can be formed by D-

26



WO 2014/043693 PCT/US2013/060139

cysteine in position 4 and L-cysteine in position 7 or by D-cysteine in position 4 and L-
penicillamine in position 7 (see, ¢.g., Galande, Trent and Spatola (2003) Biopolymers 71, 534-
551).

[0109] In other embodiments, the linkage of the two amino acids can be the bridges
depicted in Formula (IT) or Formula (III). Peptides comprising a thioether bridge according to
Formula (II) can be made, for example, by sulfur extrusion of a disulfide formed by D-
homocysteine in position 4 and L-cysteine in position 7. Similarly, peptides comprising a
thioether bridge as in Formula (III) can be made, for example, by sulfur extrusion of a disulfide

formed by D-cysteine in position 4 and L-homocysteine in position 7.

[0110] As discussed above, the Ang analogs and derivatives of the invention vary in
length and amino acid composition. The Ang analogs and derivatives of the invention preferably
have biological activity or are an inactive precursor molecule that can be proteolytically
activated (such as how angiotensin(l), with 10 amino acids, is converted to active fragments by
cleavage of 2 amino acids). The size of an Ang analog or derivative can vary but is typically
between from about 5 to 10 amino acids, as long as the "core" pentameric segment comprising
the 3-7 Nle-thioether-ring structure is encompassed. The amino acid sequence of an analog or
derivative of the invention can vary, typically provided that it is biologically active or can
become proteolytically activated. Biological activity of an analog or derivative can be
determined using methods known in the art, including radioligand binding studies, in vitro cell
activation assays and in vivo experiments. See, for example, Godeny and Sayeski, (2006) Am. J.
Physiol. Cell. Physiol. 291:C1297-1307; Sarr et al., Cardiovasc. Res. (2006) 71:794-802; and
Koziarz et al., (1933) Gen. Pharmacol. 24:705- 713.

[0111] Ang analogs and derivatives where only the length of the peptide is varied include
the following:

a 4,7-cyclized analog designated [Cyc* JAng-(1-7), which is derived from natural Ang-
(1-7) (Asp'-Arg’-Val’-Cyc’-1le’-His*-Cyc’, SEQ ID NO:7).

a 4,7-cyclized analog designated [Nle?, Cyc*’JAng-(1-10), which is derived from natural
Angiotensin I (Ang-(1-10)) (Asp'-Arg’-Nle*-Cyc*-1l¢’-His’-Cyc’-Phe®-His’-Leu'’, SEQ ID
NO:8);
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a 4,7-cyclized analog designated [Nle’, Cyc*’JAng-(1-8), which is derived from natural
Angiotensin IT (Ang-(1-8)) (Asp'-Arg*-Nle’-Cyc’-Ile’-His’-Cyc’-Phe®, SEQ ID NO:9);

a 4,7-cyclised analog designated [Nle®, Cyc*']Ang-(2-8), which is derived from natural
Angiotensin IIT (Ang-(2-8)) (Arg>Nle’-Cyc’-Ile’-His’-Cyc’-Phe®, SEQ ID NO:10);

a 4,7-cyclised analog designated [Nle®, Cyc*’JAng-(3-8), which is derived from natural
Angiotensin IV (Ang-(3-8)) (Nl¢’-Cyc’-Ile’-His’-Cyc’-Phe®, SEQ ID NO:11);

a 4,7-cyclised analog designated [Nle®, Cyc*"]Ang-(1-7) derived from natural Ang-(1-7)
(Asp'-Arg’-Nle*-Cyc’-1le’-His’-Cyc’, SEQ ID NO:12); and

a 4,7-cyclised analog designated [Nle®, Cyc*"]Ang-(1-9) derived from natural Ang-(1-9)
(Asp'-Arg’-Nle’-Cyc’-1le’-His’-Cyc’-Phe®-His’, SEQ ID NO:13).

These analogs can have one of the thioether bridges shown in Formulae (I)-(I1I) as the
Cyc* moiety, for example, where Cyc* and Cyc’ are represented by Formula (I), such as where

R'-R" are each —H or —CHj, typically -H.

[0112] As compared to the amino acid sequence of the natural angiotensin peptide, the
amino acids at positions 4 and 7 of the Cyc*” analog are modified to allow introduction of the
thioether-ring structures shown above. In addition to the length of the Ang analogs, the amino
acids at positions other than 3, 4 and 7 can be the same or different from the naturally-occurring
peptide, typically provided that the analog retains a biological function. For analogs of inactive
precursors, like [Cyc*']Ang-(1-10), biological function refers to one or both of an analog’s
susceptibility to angiotensin-converting enzymes that can cleave it to a biologically active
fragment (e.g. Ang-(1-8) or Ang-(1-7)) or the biological activity of the fragment itself. In certain
embodiments, an Ang analog or derivative of the invention has no intrinsic function but inhibits

the effects of one or more naturally-occurring angiotensin compounds.

[0113] In certain embodiments, an Ang analog of the invention is represented by

Formula (IV):
Xaa'-Xaa’-Xaa’-Cyc'-Xaa’-Xaa’-Cyc’ (IV, SEQ ID NO:14)

[0114] Xaa' is any amino acid, but typically a negatively-charged amino acid such as Glu

or Asp, more typically Asp.
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[0115] Xaa®is a positively-charged amino acid such as Arg or Lys, typically Arg.
[0116] Xaa® is an aliphatic amino acid, such as Leu, Ile or Val, typically Val.
[0117] Cyc” forms a thioether bridge in conjunction with Cyc’. Cyc” can be a D-

stereoisomer and/or a L-stereoisomer, typically a D-stereoisomer. Examples of Cyc* (taken with
Cyc’) are shown in Formulas (I), (IT) and (IIT). Typically, the R groups in Formulae (I), (IT) and
(IIT) are —H or —CH3, especially —H.

[0118] Xaa’ is an aliphatic amino acid, such as Leu, Ile or Val, typically Ile.
[0119] Xaa® is His.
[0120] Cyc’ forms a thioether bridge in conjunction with Cyc*, such as in Formula (1),

(I1) or (IIT). Cyc’ can be a D-stereoisomer and/or a L-stereoisomer, typically a L-stercoisomer.
Examples of Cyc’ (taken with Cyc”) are shown in Formulas (I), (IT), (IIT) and (IVIII). Typically,
the R groups in FormulacFormulas (I), (I),) and (IIT) and (IV) are —H or —CH3, especially —H.

[0121] In certain embodiments, one or more of Xaa'-Xaa® (excluding Cyc* and Cyc’) is
identical to the corresponding amino acid in naturally-occurring Ang-(1-7). In certain such
embodiments, all but one or two of Xaa'-Xaa® are identical to the corresponding amino acid in
naturally-occurring Ang-(1-7). In other embodiments, all of Xaa'-Xaa® are identical to the

corresponding amino acid in naturally-occurring Ang-(1-7).

[0122] In certain embodiments, Cyc® and Cyc’ are independently selected from Abu (2-
aminobutyric acid) and Ala (alanine), where Ala is present in at least one position. Thus, cyclic
analogs can have a thioether linkage formed by -Ala*-S-Ala’- (Formula (I), where R'-R” are each
-H); -Ala*-S-Abu’- (Formula (I): R'-R*are -H and R” is -CH3) or -Abu’-S-Ala’- (Formula (I): R',
R’ and R*are —H and R? is —CH3). Specific examples of cyclic analogs comprise a -Abu’*-S-

Ala’- or -Ala*-S-Ala’- linkage.

[0123] In certain embodiments, the invention provides an Ang-(1-7) analog with a
thioether-bridge between position 4 and position 7 having the amino acid sequence Asp-Arg-
Val-Abu-lle-His-Ala (SEQ ID NO:15) or the amino acid sequence Asp-Arg-Val-Ala-Ile-His-Ala
(SEQ ID NO:16), which are represented by the following structural diagrams:

29



WO 2014/043693 PCT/US2013/060139

H,N NH
0]
HN
NH
/
0 NH NH
o] o] N§/
HO. H ° "
S
N N 0]
H H
0] NH, 0]
OH
H,N NH
0]
HN
NH
/
0 NH NH
Q Q N%/
o H 0] NH
S
N N O
H H
0] NH, 0]
OH
[0124] In certain embodiments, an Ang analog or derivative of the invention is

represented by Formula (IV):
Xaa'-Xaa’-Nle*-Cyc*-Xaa’-Xaa’-Cyc’-Xaa®-Xaa’-Xaa'" (IV, SEQ ID NO:17)

As discussed above, one or more of Xaa', Xaa?, Xaa®, Xaa’ and Xaa'® arc absent in certain
embodiments. For example, (1) Xaa'® is absent, (2) Xaa’ and Xaa'® are absent, (3) Xaa®, Xaa’
and Xaa'® are absent, (4) Xaa' is absent, (5) Xaa' and Xaa'® are absent, (6) Xaa', Xaa’ and Xaa'’
are absent, (7) Xaa', Xaa®, Xaa’ and Xaa'’ are absent, (8) Xaa' and Xaa® are absent, (9) Xaa',
Xaa® and Xaa'’ are absent, (10) Xaa', Xaa®, Xaa’ and Xaa'® are absent, or (11) Xaa', Xaa®, Xaa®,
Xaa’ and Xaa'® are absent. For each of these embodiments, the remaining amino acids have the

values described below.
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[0125] Xaa', when present, is any amino acid, but typically a negatively charged amino

acid such as Glu or Asp, more typically Asp.

[0126] Xaa’, when present, is a positively charged amino acid such as Arg or Lys,
typically Arg.

[0127] Nle? is norleucine.

[0128] Cyc” forms a thioether bridge in conjunction with Cyc’. Cyc” can be a D-

stereoisomer and/or a L-stereoisomer, typically a D-stereoisomer. Examples of Cyc* (taken with
Cyc’) are shown in Formulas (I), (IT) and (IIT). Typically, the R groups in Formulae (I), (IT) and
(IIT) are —H or —CH3, especially —H.

[0129] Xaa’ is an aliphatic amino acid, such as Leu, Nle, Ile or Val, typically Ile.
[0130] Xaa® is His.
[0131] Cyc’ forms a thioether bridge in conjunction with Cyc*, such as in Formula (1),

(I1) or (IIT). Cyc’ can be a D-stereoisomer and/or a L-stereoisomer, typically a L-stercoisomer.
Examples of Cyc’ (taken with Cyc”) are shown in Formulas (I), (IT) and (III). Typically, the R
groups in Formulae (1), (IT) and (IIT) are —H or —CH3, especially —H.

[0132] Xaa®, when present, is an amino acid other than Pro, typically Phe or Ile. In
certain embodiments, Ile results in an inhibitor of Ang(1-8). In certain embodiments, Phe

maintains the biological activity of Ang(1-8) or Ang(1-10).

[0133] Xaa’, when present, is His.

[0134] Xaa'?, when present, is an aliphatic residue, for example, Ile, Val or Leu, typically
Leu.

[0135] In certain embodiments, one or more of Xaa'-Xaa'® (excluding Nle?, Cyc* and

Cyc’) is identical to the corresponding amino acid in naturally-occurring Ang (including Ang-(1-
7), Ang(1-8), Ang(1-9), Ang(1-10), Ang(2-7), Ang(2-8), Ang(2-9), Ang(2-10), Ang(3-8), Ang(3-
9) and Ang(3-10). In certain such embodiments, all but one or two of Xaa'-Xaa'® (for those
present) are identical to the corresponding amino acid in naturally-occurring Ang. In other
embodiments, all of Xaa'-Xaa'” (for those present) are identical to the corresponding amino acid

in naturally-occurring Ang.
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[0136] In certain embodiments, Cyc® and Cyc’ are independently selected from Abu (2-
aminobutyric acid) and Ala (alanine), where Ala is present at at least one position. Thus,
encompassed are cyclic analogs comprising a thioether linkage formed by -Ala*-S-Ala’-
(Formula (T), where R'-R* are each -H); -Ala*-S-Abu’- (Formula (I): R'-R*are -H and R" is
-CH3) or -Abu’-S-Ala’- (Formula (I): R', R? and R* are —H and R* is —<CH3). Specific cyclic
analogs comprise a -Abu’-S-Ala’- or -Ala*-S-Ala’- linkage.

[0137] In particular, the invention provides an Ang-(1-7) analog or derivative with a
thioether-bridge between position 4 and position 7 having the amino acid sequence Asp-Arg-
Nle-Abu-Ile-His-Ala (SEQ ID NO:18) or the amino acid sequence Asp-Arg-Nle-Ala-Ile-His-Ala
(SEQ ID NO:19).

[0138] In another aspect, the invention provides an Ang-(1-8) analog or derivative with a
thioether-bridge between position 4 and position 7 having Ang-(1-8) antagonistic activity, in
particular an Ang(I-8) analog or derivative having the amino acid sequence Asp-Arg-Nle-Abu-
Ile-His-Ala-Ile (SEQ ID NO:20), the amino acid sequence Asp-Arg-Nle-Ala-Ile-His-Ala-lle
(SEQ ID NO:21) or the amino acid sequence Asp-Arg-Nle-Abu-lle-His-Ala-Ile (SEQ ID
NO:22).

[0139] An alkyl group is a straight chained or branched non-aromatic hydrocarbon that is
completely saturated. Typically, a straight chained or branched alkyl group has from 1 to about
20 carbon atoms, preferably from 1 to about 10. Examples of straight chained and branched alkyl
groups include methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, tert-butyl, pentyl, hexyl,
pentyl and octyl. A C1-C4 straight chained or branched alkyl group is also referred to as a "lower
alkyl" group.

[0140] An aralkyl group is an alkyl group substituted by an aryl group. Aromatic (aryl)
groups include carbocyclic aromatic groups such as phenyl, naphthyl, and anthracyl, and
heteroaryl groups such as imidazolyl, thienyl, furyl, pyridyl, pyrimidyl, pyranyl, pyrazolyl,
pyrrolyl, pyrazinyl, thiazolyl, oxazolyl, and tetrazolyl. Aromatic groups also include fused
polycyclic aromatic ring systems in which a carbocyclic aromatic ring or heteroaryl ring is fused
to one or more other heteroaryl rings. Examples include benzothienyl, benzofuryl, indolyl,

quinolinyl, benzothiazole, benzoxazole, benzimidazole, quinolinyl, isoquinolinyl and isoindolyl.
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[0141] Angiotensin (1-7) peptides, including derivatives and analogs, may be present in
varying amounts in various embodiments. For example, an angiotensin (1-7) peptide is present
in an amount ranging from about 10-1000 mg (e.g., about 20 mg — 1,000 mg, 30 mg — 1,000 mg,
40 mg — 1,000 mg, 50 mg — 1,000 mg, 60 mg — 1,000 mg, 70 mg — 1,000 mg, 80 mg — 1,000 mg,
90 mg — 1,000 mg, about 10-900 mg, 10-800 mg, 10-700 mg, 10-600 mg, 10-500 mg, 100-1000
mg, 100-900 mg, 100-800 mg, 100-700 mg, 100-600 mg, 100-500 mg, 100-400 mg, 100-300
mg, 200-1000 mg, 200-900 mg, 200-800 mg, 200-700 mg, 200-600 mg, 200-500 mg, 200-400
mg, 300-1000 mg, 300-900 mg, 300-800 mg, 300-700 mg, 300-600 mg, 300-500 mg, 400 mg —
1,000 mg, 500 mg — 1,000 mg, 100 mg - 900 mg, 200 mg — 800 mg, 300 mg — 700 mg, 400 mg —
700 mg, and 500 mg — 600 mg). In some embodiments, an angiotensin (1-7) peptide is present
in an amount of or greater than about 10 mg, 50 mg, 100 mg, 150 mg, 200 mg, 250 mg, 300 mg,
350 mg, 400 mg, 450 mg, 500 mg, 550 mg, 600 mg, 650 mg, 700 mg, 750 mg, 800 mg. In some
embodiments, an angiotensin (1-7) peptide is present in an amount of or less than about 1000
mg, 950 mg, 900 mg, 850 mg, 800 mg, 750 mg, 700 mg, 650 mg, 600 mg, 550 mg, 500 mg, 450
mg, 400 mg, 350 mg, 300 mg, 250 mg, 200 mg, 150 mg, or 100 mg.

[0142] In some embodiments, a cyclic angiotensin (1-7) peptide is a cyclized Ang (1-9)
peptide or a cyclized peptide comprising SEQ ID NO: 24.

[0143] Further contemplated are variants of the cyclic peptides described herein, wherein
the variants maintain one or more functional properties of the comparator peptide. Cyclized
variants may have a sequence at least 70%, at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, at least 98%, or at least 99% sequence identity to any of the sequences of the

exemplary cyclic peptides described herein.

pH-Lowering Agents

[0144] It is contemplated that a pH-lowering agent suitable for the present invention
include any pharmaceutically acceptable pH-lowering agent, or combination of pH-lowering
agents, that are a) not toxic to the gastrointestinal tract, b) are capable of either delivering
hydrogen ions or capable of inducing higher hydrogen ion content from the local environment,
and/or ¢) that are capable of being orally administered in an amount sufficient to lower the local
intestinal pH below the pH optima for proteases found there. Various tests may be used to

determine if a pH-lowering agent is suitable for the present invention and what amount is
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appropriate. For example, a pH-lowering agent or combination of pH-lowering agents is suitable
for the present invention if, a particular amount when added to a solution of 10 milliliters of
0.1M sodium bicarbonate lowers the pH of the solution to no higher than 5.5, 4.7, or 3.5. In
some embodiments, an amount of pH-lowering agent or agents may be added to lower pH, in a

solution of 10 milliliters of 0.1M sodium bicarbonate, to no higher than 3.4, 3.2, 3.0, or 2.8.

[0145] In some embodiments, a suitable pH-lowering agent or agents include at least one
pH-lowering agent that has a pKa no higher than 4.2 (e.g., no higher than 4.0, 3.8, 3.6, 3.4, 3.2,
3.0 or 2.8). Exemplary pH-lowering agents suitable for the present invention include, but are not
limited to, carboxylic acids such as acetylsalicylic, acetic, ascorbic, citric, fumaric, glucuronic,
glutaric, glyceric, glycocolic, glyoxylic, isocitric, isovaleric, lactic, maleic, oxaloacetic,
oxalosuccinic, propionic, pyruvic, succinic, tartaric, and valeric; aluminum chloride; zinc
chloride; acid salts of amino acids (or derivatives thereof) including acid salts of acetylglutamic
acid, alanine, arginine, asparagine, aspartic acid, betaine, carnitine, carnosine, citrulline, creatine,
glutamic acid, glycine, histidine, hydroxylysine, hydroxyproline, hypotaurine, isoleucine,
leucine, lysine, methylhistidine, norleucine, ornithine, phenylalanine, proline, sarcosine, serine,
taurine, threonine, tryptophan, tyrosine, and valine; certain phosphate esters including fructose
1,6 diphosphate and glucose 1,6 diphosphate may also be appropriate pH-lowering agents in
certain embodiments. In particular embodiments, citric acid or tartaric acid is used as pH-

lowering agent.

[0146] The quantity required of any particular pH-lowering agent or combination of pH-
lowering agents may vary. Typically, suitable amount may be determined using various tests
known in the art and described herein (for example, using pH-lowering test in a solution of 10
milliliters of 0.1M sodium bicarbonate described above). As non-limiting examples, suitable
amount of a pH lowering agent used in a formulation according to the present invention may be
an amount of or greater than about 100 mg, 200 mg, 250 mg, 300 mg, 350 mg, 400 mg, 425 mg,
450 mg, 475 mg, 500 mg, 525 mg, 550 mg, 575 mg, 600 mg, 625 mg, 650 mg, 675, mg, 700 mg,
725 mg, 750 mg, 775 mg, 800 mg, 825 mg, 850 mg, 875 mg, 900 mg, 925 mg, 950 mg, 975 mg,

or 1,000 mg. In other embodiments, the amount of citric acid used may exceed 1,000 mg.

[0147] In some embodiments, a suitable amount of a pH lowering agent (e.g., citric acid

or tartaric acid) used may be measured as a percent of the total weight of a particular dosage
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form. As non-limiting examples, a suitable amount of a pH lowering agent used may be an
amount of or greater than about 10% (e.g., of or greater than 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%) of the total weight of a solid

dosage form.

Absorption Enhancers

[0148] In various embodiments, a formulation of the invention has one or more
absorption enhancers. As used herein, an absorption enhancer refers to an agent that increase the
solubility of other components in either the aqueous or lipophilic environment into which they
are released and/or enhance the uptake of an active peptide (e.g., an angiotensin (1-7) peptide)
across the intestinal wall. In some embodiments, an absorption enhancer is referred to as a

solubility enhancer and/or an uptake enhancer.

[0149] In some embodiments, it is possible to have a mixture of absorption enhancers
wherein some provide enhanced solubility, some provide enhanced uptake, and some provide
both. It is possible to have various numbers of absorption enhancers in a given embodiment
including, without limitation, one, two, three, four, five, six, seven, eight, nine, or ten absorption

enhancers.

[0150] Surface active agents are an example of useful absorption enhancers with
properties of both solubility enhancers and uptake enhancers. In some embodiment, when
surface active agents are used as absorption enhancers, they may be free flowing powders for
facilitating the mixing and loading of capsules during the manufacturing process. In other
embodiments when a surface active agent is used to increase the bioavailability of an angiotensin
(1-7) peptide, the surface active agent may be selected from the group consisting of (a) anionic
surface active agents such as cholesterol derivatives (e.g. bile acids), (b) cationic surface agents
(c.g. acyl carnitines, phospholipids and the like), (¢) non-ionic surface active agents, and (d)
mixtures of anionic surface active agents and negative charge neutralizers, and combinations
thereof. Negative charge neutralizers include but are not limited to acyl carnitines, cetyl

pyridinum chloride, and the like.

[0151] In some embodiments, an acid soluble bile acid and a cationic surface active agent

with be used together as absorption enhancers. Acyl carnitines (such as lauroyl carnitine),
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phospholipids and bile acids may be particularly effective absorption enhancers in some

embodiments.

[0152] While a variety of absorption enhancers are suitable for use in various
embodiments, the following exemplary list is intended to illustrate some embodiments of the
invention. Without limitation, some suitable absorption enhancers include: (a) salicylates such
as sodium salicylate, 3-methoxysalicylate, 5S-methoxysalicylate and homovanilate; (b) bile acids
such as taurocholic, tauorodeoxycholic, deoxycholic, cholic, glycholic, lithocholate,
chenodeoxycholic, ursodeoxycholic, ursocholic, dehydrocholic, fusidic, etc.; (¢) non-ionic
surfactants such as polyoxyethylene ethers (e.g. Brij 36T, Brij 52, Brij 56, Brij 76, Brij 96,
Texaphor A6, Texaphor A14, Texaphor A60 etc.), p-t-octyl phenol polyoxyethylenes (Triton X-
45, Triton X-100, Triton X-114, Triton X-305 etc.) nonylphenoxypoloxyethylenes (e.g. Igepal
CO series), polyoxyethylene sorbitan esters (e.g. Tween-20, Tween-80 etc.); (d) anionic
surfactants such as dioctyl sodium sulfosuccinate; (¢) lyso-phospholipids such as lysolecithin and
lysophosphatidylethanolamine; (f) acylcarnitines, acylcholines and acyl amino acids such as
lauroylcarnitine, myristoylcarnitine, palmitoylcarnitine, lauroylcholine, myristoylcholine,
palmitoylcholine, hexadecyllysine, N-acylphenylalanine, N-acylglycine etc.; g) water soluble
phospholipids such as diheptanoylphosphatidylcholine, dioctylphosphatidylcholine etc.; (h)
medium-chain glycerides which are mixtures of mono-, di- and triglycerides containing medium-
chain-length fatty acids (caprylic, capric and lauric acids); (i) ethylene-diaminetetraacetic acid;
(j) cationic surfactants such as cetylpyridinium chloride; (k) fatty acid derivatives of
polyethylene glycol such as Labrasol, Labrafac, etc.; and (1) alkylsaccharides such as lauroyl

maltoside, lauroyl sucrose, myristoyl sucrose, palmitoyl sucrose, etc.

[0153] In some embodiments, the absorption enhancer(s) will be present in a quantity
measured as a percent by weight, relative to the overall weight of the pharmaceutical
composition (typically exclusive of enteric coating). By way of additional non-limiting example,
the quantity of absorption enhancer present in an embodiment may range from 0.1 to 20 percent
by weight; from 0.5 to 20 percent by weight; from 1.0 to 20 percent by weight, from 2.0 to 20
percent by weight, from 3.0 to 20 percent by weight, from 4.0 to 20 percent by weight, from
from 5.0 to 20 percent by weight, from 5.0 to 15 percent by weight, from 5.0 to 14 percent by
weight, from 5.0 to 13 percent by weight, from 5.0 to 12 percent by weight, from 5.0 to 12
percent by weight, from 5.0 to 11 percent by weight, from 5.0 to 10 percent by weight, from 6.0
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to 10 percent by weight, from 7.0 to 10 percent by weight, from 8.0 to 10 percent by weight,
from 9.0 to 10 percent by weight, from 5.0 to 9.0 percent by weight, from 5.0 to 8.0 percent by
weight, from 5.0 to 7.0 percent by weight, and from 5.0 to 6.0 percent by weight.

[0154] In some embodiments, the weight ratio of pH-lowering agent(s) to absorption
enhancer(s) may be about 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, 11:1, 12:1, 13:1, 14:1, 15:1, 16:1,
17:1, 18:1, 19:1, 20:1 or between any two of the foregoing exemplary ratios. The total weight of
all pH-lowering agents and the total weight of all absorption enhancers in a given pharmaceutical
composition is included in the foregoing exemplary ratios. For example, if a pharmaceutical
composition includes two pH-lowering agents and three absorption enhancers, the foregoing
ratios will be computed on the total combined weight of both pH-lowering agents and the total

combined weight of all three absorption enhancers.

[0155] In some embodiments, the absorption enhancer(s) will be soluble at acid pH, such

as less than pH 5.5, and in particular, between pH 3.0 and pH 5.0.

Protective Vehicles

[0156] As used herein, a protective vehicle refers to any protective component and/or
structure, such as a carrier, a layer, a coating or other vehicle, that protects an active peptide
(e.g., an angiotensin (1-7) peptide) from stomach proteases. Typically, a protective vehicle
dissolves eventually so that the active and other ingredients in a particular dosage form may be
released. A common form of protective vehicle is an enteric coating. In some embodiments, a
suitable enteric costing may prevent breakdown of the pharmaceutical composition of the
invention in 0.1N HCI for at least two hours, then capable of permitting complete release of all
contents of the pharmaceutical composition within thirty minutes after pH is increased to 6.3 in a

dissolution bath in which said composition is rotating at 100 revolutions per minute.

[0157] Many enteric coatings are known in the art and are useful in one or more
embodiments. Non-limiting examples of enteric coatings include cellulose acetate phthalate,
hydroxypropyl methylethylcellulose succinate, hydroxypropyl methylcellulose phthalate,
carboxyl methylethylcellulose and methacrylic acid-methyl methacrylate copolymer. In some
embodiments, an angiotensin (1-7) peptide, absorption enhancers such as solubility and/or
uptake enhancer(s), and pH-lowering agent(s), are included in a sufficiently viscous protective

syrup to permit protected passage of the components of the embodiment through the stomach.
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[0158] Suitable enteric coatings may be applied, for example, to capsules after the active
and other components of the invention have been loaded within the capsule. In other
embodiments, enteric coating is coated on the outside of a tablet or coated on the outer surface of

particles of active components which are then pressed into tablet form, or loaded into a capsule.

[0159] In some embodiments it may be desirable that all components of the invention be
released from the carrier or vehicle, and solubilized in the intestinal environment as
simultaneously as possible. It may also be preferred in some embodiments that the vehicle or
carrier release the active components in the small intestine where uptake enhancers that increase
transcellular or paracellular transport are less likely to cause undesirable side effects than if the
same uptake enhancers were later released in the colon. It will be appreciated, however, that the
present invention is believed effective in the colon as well as in the small intestine. Numerous

vehicles or carriers, in addition to the ones discussed above, are known in the art.

[0160] In some embodiments, it may be desirable (especially in optimizing how
simultaneously the components of the invention are released) to keep the amount of enteric
coating low. In some embodiments, an enteric coating adds no more than 30% to the weight of
the remainder of pharmaceutical composition such as a solid dosage form (the "remainder" being
the pharmaceutical composition exclusive of enteric coating itself). In other embodiments, an
enteric coating adds less than 20%, less than 19%, less than 18%, less than 17%, less than 16%,
less than 15%, less than 14%, less than 13%, less than 12%, less than 11%, or less than 10%. In
some embodiments, a protective vehicle such as an enteric coating constitutes an amount of or
less than approximately 25%, 24%, 23%, 22%, 21%, 20%, 19%, 18%, 17%, 16%, 15%, 14%,
13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5% of the total weight of a pharmaceutical composition

(e.g., a solid dosage form).

Dosage Forms
[0161] As used herein, dosage forms refer to a mixture of active drug components and

nondrug components. Various dosage forms may be used according to the invention, including
but not limited to, liquid dosage forms, solid dosage forms and semisolid dosage forms.
Common dosage forms include pill, tablet, capsule, drink or syrup. In some embodiments, solid

dosage forms such as pill, tablet or capsule are used.
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[0162] Typically, a particularly desirable dosage form provides simultaneous release of
the angiotensin-(1-7) peptide, pH-lowering agent and absorption enhancers. This is highly
desirable because the acid is best able to reduce undesirable proteolytic attack on the peptide
when the acid is released in close time proximity to release of the peptide. Near simultaneous
release is best achieved by administering all components of the invention as a single pill, tablet

or capsule.

[0163] Various embodiments may optionally include common pharmaceutical excipients
such as diluents, glycants, lubricants, gelatin capsules, preservatives, colorants and the like in
their usual known sizes and amounts. Exemplary, non-limiting excipients include pro-salts,
polyplastum and sodium stearyl fumerate. In some embodiments, another peptide (such as
albumin, casein, soy protein, other animal or vegetable proteins and the like) is included to
reduce non-specific adsorption (e.g., binding of angiotensin (1-7) peptide to the intestinal mucus
barrier) thereby lowering the necessary concentration of the expensive peptide active agent.
When added, the additional peptide is typically from 1.0 to 10.0 percent by weight relative to the
weight of the overall pharmaceutical composition (excluding protective vehicle). Typically, this
additional peptide is not physiologically active and is most preferably a food peptide such as soy
bean peptide or the like. Without intending to be bound by theory, this second peptide may also
increase bioavailability by acting as a protease scavenger that desirably competes with the
peptide active agent for protease interaction. The second peptide may also aid the active

compound's passage through the liver.

[0164] In some embodiments, the pH-lowering agent(s), the angiotensin (1-7) peptide,
the absorption enhancer(s) and other excipients (whether single compounds or a plurality of
compounds in each category) be uniformly dispersed in a dosage form. In other embodiments, a
dosage form may comprise granules that include a pharmaceutical binder having the angiotensin
(1-7) peptide, the pH-lowering agent and the absorption enhancer uniformly dispersed within
said binder. In yet other embodiments, granules may also consist of an acid core, surrounded by
a uniform layer of organic acid, a layer of enhancer and a layer of peptide that is surrounded by
an outer layer of organic acid. Granules may be prepared from an aqueous mixture consisting of
pharmaceutical binders such as polyvinyl pyrrolidone or hydroxypropyl methylcellulose,
together with the pH-lowering agents, absorption enhancers and peptide active agents of the

invention.
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[0165] As described, various embodiments may have differing amounts of ingredients
and differing ingredients as well. Regardless of the recipe of a particular embodiment, the total
weight of all ingredients present in that embodiment may fall within a certain weight range, such
as from about 500-1500 (e.g., from about 500-1200 mg, 500-1000 mg, 600-1500 mg, 600-1200
mg, 600-1000 mg, 700-1500 mg, 700-1200 mg, 700-1000 mg, 800-1500 mg, 800-1200 mg, 800-
1000 mg). In some embodiments, a suitable solid dosage form has a total weight of or greater
than about 500 mg, 600 mg, 700 mg, 800 mg, 900 mg, 1000 mg, 1100 mg, 1200 mg, 1300 mg,
1400 mg, or 1500 mg. In some embodiments, a suitable solid dosage form has a total weight of
or less than about 2000 mg, 1900 mg, 1800 mg, 1700 mg, 1600 mg, 1500 mg, 1400 mg, 1300
mg, 1200 mg, 1100 mg, 1000 mg, 900 mg, 800 mg, 700 mg, 600 mg, or S00 mg.

EXAMPLES

Example 1. Oral Delivery of Angiotensin (1-7) Peptides

[0166] This example demonstrates that angiotensin (1-7) can be effectively delivered
orally using an exemplary formulation according to the present invention. Specifically, the
feasibility of orally delivering an angiotensin (1-7) peptide was demonstrated by administrating it
in a liquid formulation to an anesthetized rat via intra-duodenal injection (ID). This model
mimics the release and absorption expected from an orally delivered enteric coated solid dosage

form such as capsule or tablet.

[0167] Initially, a baseline pharmacokinetic profile in female Sprague-Dawley rats was
obtained by subcutaneous (SC) administration of angiotensin (1-7) in phosphate buffered saline
(PBS). Blood samples (0.6 ml) was taken from a cannula implanted into the right carotid artery
before and 5, 10, 20, 30, 60 and 90 minutes after the injection of the peptide and replaced with an

equal volume of heparinized saline.

[0168] After extraction, the samples were then transferred to ice-cold tubes containing a
protease inhibitor cocktail. The samples were kept on ice until they were centrifuged at 4°C to
obtain plasma. The plasma supernatants were then frozen -70°C until analysis using an LC-MS

assay.

[0169] Table 1 summarized exemplary individual baseline A(1-7) levels achieved at the

designated time points and the non-compartmental PK values. Three rats were administered 0.3

40



WO 2014/043693 PCT/US2013/060139

mL of 10 mg/mL A(1-7) as a subcutaneous injection. The pharmacokinetics of A(1-7) were
determined using a non-compartmental model, where individual pharmacokinetics were
determined. The mean concentration for each time point was calculated and the PK values for
these mean values were estimated. The Tmax was achieved approximately 10 to 90 minutes
after administration. Half-lives are approximately 15 minutes for this treatment group. Total
mean A(1-7) exposure over the observation period was 614 ng*min/mL with a range of 585 to

656 ng*min/mL.

Table 1:
0.3 mL: A(1-7) Subcutaneous injection
Angiotensin (1-7) (ng/mL)
Mean PK
Time Point (min) Ratl Rat 2 Rat 3 Value Average
0 0.121 10.2 1.41 4.50
5 0.120 7.47 4.37 3.99
10 18.6 0.94 1.09 6.88
20 6.25 15.7 5.71 9.22
40 15.30 6.38 4.47 8.72
60 1.03 2.65 7.46 3.7
90 1.14 6.59 17.4 8.38
Cmax (ng/mL) 18.6 15.7 17.4 17.2 9.2
Tmax (ng/mL) 10 20 90 40.0 20
Half-Life (min) 15 15.58 15.1
AUCq.99 (ng*min/mL) 583 598.1 656.1 612.4 614
[0170] The oral delivery of an angiotensin (1-7) peptide (e.g., TXA127) was then

evaluated in a rat model that mimics the release of the peptide into the intestine by enteric-coated

capsule. Briefly, the duodenums of anesthetized rats were surgically exposed, and an
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angiotensin (1-7) peptide was delivered through a 27 gauge needle into the duodenum. A
baseline was obtained by ID administration of an angiotensin (1-7) in PBS. Samples of blood
was removed from the carotid artery before and 5, 10, 20, 40, 60 and 90 minutes after peptide
administration. Subsequently, an angiotensin (1-7) peptide was administered ID in 400 mM
citrate buffer (pH 3.5) and lauroyl-L-carnitine (LLC) (10 mg/ml), a formulation that mimics the
contents of the enteric-coated capsules. In order to maximize the stability of TXA127 in rat
circulation, captopril (e.g., 0.5 mg/ml or 5 mg/ml) may be added to the formulations. Blood
samples were taken at the same time points as the baseline study and handled as described above

for analysis. Exemplary results were summarized in Tables 2-5.

[0171] Table 2 summarizes exemplary results from a total of 6 rats treated with 0.3 mL
of 10 mg/mL Angiotensin (1-7) (A(1-7)) formulated in PBS. The pharmacokinetics of A(1-7)
were determined using a non-compartmental model. The average concentration for each time
point was calculated and the PK values for these mean values were estimated. These were
compared with the mean PK values, which were calculated by taking the average of all
individual PK parameters. The Tmax was achieved approximately 10 to 60 minutes after
administration. Half-lives ranged from 7 to 140 minutes for this treatment group. Total mean
A(1-7) exposure over the observation period was 403 ng*min/mL with a range of 123 to 881

ng*min/mL.

Table 2:

0.3 ml A, ID [10 mg/ml Angiotensin(1-7) in PBS]

Angiotensin (1-7) (ng/mL)

Mean
Rat PK
Time Point (min) | Rat1 | Rat2 | Rat1 2 Rat1 | Rat2 | Values | Average

0| 0.23 0.0 1.54 | 1.00 1.84 5.81 1.74
5 0.84 12.3 094 | 0.88 | 0.891 9.24 4.18
10| 3.44 6.38 1.08 | 0.99 1.12 4.08 2.85
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20 0.62 13.3 1.91 1.79 1.80 2.05 3.58

40 0.27 15.4 1.22 | 4.14 1.30 3.89 4.37

60 1.55 6.27 3.97 | 8.75 3.07 10.4 5.67

90 2.61 7.19 0.78 | 7.54 1.23 10.4 4.96
Cmax (ng/mL) 3.44 15 4 9 3 10.4 7.5 5.7
Tmax (ng/mL) 10 40 60 60 60 46.0 60
Half-Life (min) 51 13 140 23 7 38.9 155
AUC.99
(ng*min/mL) 123 881 181 456 166 616 403 404

[0172] Table 3 summarizes exemplary A(1-7) concentration found in rats treated with 0.3

mL of 10 mg/mL A(1-7) in preparation containing 10 mg/mL LLC, 400 mM Citrate, 150 mM
NaCl pH 3.5. The pharmacokinetics of A(1-7) was determined using a non-compartmental
model. Additionally, the mean concentration for each time point was calculated and the PK
values for these mean values were estimated. These mean concentration values were compared
with the mean PK values, which is calculated by taking the average of all individual PK
parameters. The Tmax was achieved approximately 5 to 10 minutes after administration. Half-
lives ranged from 9.3 to 173.3 minutes for this treatment group. Total mean A(1-7) exposure

over the observation period was 4,274 ng*min/mL with a range of 422 to 19,502 ng*min/mL.

Table 3:
0.3 ml B, ID [10 mg/ml Angiotensin(1-7), 10mg/ml LLC, 400mM Citrate
pH3.5,150 mM NaCl]
Angiotensin (1-7) (ng/mL)
Time Point Mean PK
(min) Rat3** | Rat4 | Rat3 | Rat4 | Rat3 | Rat4 Values Average
0 1.46 0.171 | 3.02 1.31 1.81 1.29 1.51
51 >1000 259 3.48 89.7 60.7 56.38 416.54
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10 >1000 21 19.3 15.2 59.6 17.92 203.84
20 59.9 7.35 6.02 18.4 51.2 6.02 24.82
40 4.88 5.6 2.32 5.05 11.7 1.11 5.11
60 4.74 1.7 3.99 6.36 10.9 3.48 5.20
90 3.93 3.99 1.11 4.43 4.74 3.39 3.60
Cmax
(ng/mL) >1000 259.0 19.3 89.7 60.7 56.4 419.2 416.5
Tmax
(ng/mL) 5.0 50 | 100 | 5.0 5.0 5.0 5.8 5
Half-Life
(min) 9.3 173.3 23.8 25.2 21.6 25.0 46.4 13
AUC.99 1,168.
(ng*min/mL) 19,502.2 | 1,777.5 | 422.8 2 2,100.6 | 669.9 4273.5 4274

** _ data for this rat was not included in averages or analysis

[0173] Table 4 summarizes exemplary pharmacokinetics results from seven rats
administered with 0.3 mL of 10 mg/mL A(1-7) in a preparation containing 0.5 mg/mL captopril,
10 mg/mL LLC, 400 mM Citrate, 150 mM NaCl at pH 3.5. The pharmacokinetics of A(1-7)
were determined using a non-compartmental model. The average concentration for each time
point was calculated and the PK values for these mean values were estimated. These mean
concentration values were compared with the mean PK values, which is calculated by taking the
average of all individual PK parameters. AUCs were determined using values >1,000 ng/mL to
provide a perspective of the range of exposure. In addition mean concentration for each time
point was calculated and the PK values for these mean values were estimated. The Tmax was
achieved approximately 5 to 10 minutes after administration. Half-lives ranged from 11.9 to
29.1 minutes for this treatment group. Total mean A(1-7) exposure over the observation period

was 7,152 ng*min/mL with a range of 1,969 to 9,257 ng*min/mL.

44



WO 2014/043693 PCT/US2013/060139

Table 4:
0.3 ml C, ID [10 mg/ml Angiotensin(1-7), Captopril 0.5 mg/ml,
10mg/ml LLC, 400 mM Citrate pH 3.5, 150 mM NaCl]
Angiotensin (1-7) (ng/mL)
Mean
‘ ‘ PK
Time Point Value | Averag
(min) Rat5 | Rat6** | Rat5 | Rat6 | Rat5 | Rat6 S e
0] 1.24 1.13 1.54 0.51 1.29 0.98 1.1
735.0 | 325.0
5| 879.00 | >1000 | 468.00 | 57.20 0 0 628.31
248.0 | 145.6
10 | 407.00 | 349.00 | 313.00 | 83.00 0 7 233.21
20 | 88.70 | 496.00 | 141.00 | 64.10 | 16.30 | 70.14 129.13
40 | 4.24 19.60 17.30 7.68 8.42 | 22.85 13.87
60 | 12.30 10.10 4.96 6.16 12.30 | 37.30 14.45
9 | 5.61 5.83 7.84 4.93 15.80 | 7.36 7.74
Cmax (ng/mL) 879.0 | >1000 | 468.0 83.0 | 735.0 | 83.0 609.3 | 628.3
Tmax (ng/mL) | 5.0 5.0 50 | 100 | 50 | 100 7.1 5
Half-Life (min) 11.9 29.1 13.9 18.3 17.9 18.3 19.4 14
AUCO0-90
(ng*min/mL) 9,257 | 20,442 | 7,394 | 2,252 | 6,495 | 2,252 7,152 | 7,587
** - data for this rat was not included in averages or analysis
[0174] Table 5 summarizes exemplary A(1-7) levels achieved in six rats given 0.3 mL of

10 mg/mL A(1-7) in a preparation containing 0.5 mg/mL captopril, 10 mg/mL LLC, 400 mM
Citrate, 150 mM NaCl at pH 3.5. Again, the pharmacokinetic parameters of A(1-7) was

determined using a non-compartmental model, where individual pharmacokinetics parameters
were also determined. In this analysis, AUCs were determined using values >1,000 ng/mL to

provide a perspective of the range of exposure. The mean concentration for each time point was
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calculated and the PK values for these mean values were estimated. The Tmax was achieved
approximately 5 to 10 minutes after administration. Half-lives ranged from 7.97 to 25.6 minutes
for this treatment group. Total mean A(1-7) exposure over the observation period was 9,399

ng*min/mL with a range of 1,008 to 26,654 ng*min/mL.

Table 5:
0.3 ml C, ID [10 mg/ml Angiotensin(1-7), Captopril S mg/ml,
10mg/ml LLC, 400 mM Citrate pH 3.5,150 mM NaCl]
Angiotensin (1-7) (ng/mL)
Mean
PK
Value
Time Point (min) | Rat7 | Rat8 | Rat7 | Rat8 | Rat7 | Rat8 Average
0] 0.99 0.40 | 331 | 7.63 1.55 0.63 2.42
504.0 | 746.0
5| >1000 | 33.50 0 0 268.89 | 432.86 619.21
410.0 | 404.0
10 | >1000 | 12.30 0 0 391.25 | 534 423.82
178.0
20 | 466.00 | 8.12 | 70.40 0 63.50 | 41.25 137.88
40 | 27.20 | 20.20 | 18.40 | 39.90 | 22.70 | 16.10 24.08
60 | 16.60 | 22.10 | 17.60 | 13.50 | 19.90 | 25.70 19.23
90 | 1020 | 0.00 | 11.60 | 5.58 | 2.75 4.83 5.83
Cmax (ng/mL) <1000 | 33.5 504 | 746.0 | 391.25 | 432.85 639.6 619.2
Tmax (ng/mL) 5.0 5.0 5.0 5.0 10 5.0 5.8 5
Half-Life (min) 10.55 7.97 1545 | 11.94 | 12.86 25.62 14.1 13
AUC.90 10,66
(ng*min/mL) 26,654 | 1,008 | 7,641 8 6,228 | 3,862 | 9,343.5 9,399
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[0175] In addition, Figure 1 illustrates the AUC values compared between various

administration routes and formulations.

[0176] As shown in Tables 1-5 and Figure 1, angiotensin (1-7) delivered in a formulation
according to the present invention using a rat model mimicking oral delivery has significantly
improved half-life and total exposure over the observation period as compared to the baseline
profile of angiotensin (1-7) delivered in PBS. These results demonstrate that angiotensin (1-7)
can be delivered orally according to the present invention and achieve therapeutically effective

bioavailability in circulation.

EQUIVALENTS AND SCOPE

[0177] Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention
described herein. The scope of the present invention is not intended to be limited to the above

Description, but rather is as set forth in the following claims:
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CLAIMS
We claim:

1. A solid dosage form for oral administration comprising

(a) an angiotensin (1-7) peptide;

(b) at least one pharmaceutically acceptable pH-lowering agent;

(c) at least one absorption enhancer effective to promote bioavailability of the
angiotensin (1-7) peptide; and

(d) a protective vehicle.

2. The solid dosage form of claim 1, wherein the solid dosage form is a capsule or tablet.
3. The solid dosage form of claim 1 or 2, wherein the pH-lowering agent is citric acid.

4. The solid dosage form of claim 3, wherein the citric acid is present in an amount greater
than 400 mg.

5. The solid dosage form of claim 3, wherein the citric acid is present in an amount greater
than 500 mg.

6. The solid dosage form of claim 3, wherein the citric acid is present in an amount greater

than 50% of the total weight of the solid dosage form.

7. The solid dosage form of claim 1 or 2, wherein the pH-lowering agent is tartaric acid.

8. The solid dosage form of any one of the preceding claims, wherein the absorption

enhancer is an acylcarnitine.

9. The solid dosage form of claim 8, wherein the acylcarnitine is lauroyl carnitine.
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10.  The solid dosage form of claim 9, wherein the lauroyl carnitine is present in an mount

ranging from 50-100 mg.

11.  The solid dosage form of claim 9, wherein the lauroyl carnitine is present in an mount

ranging from 5-10% of the total weight of the solid dosage form.

12.  The solid dosage form of any one of the preceding claims, wherein the protective vehicle

constitutes less than 20% of the total weight of the solid dosage form.

13.  The solid dosage form of any one of the preceding claims, wherein the protective vehicle

18 an enteric coat.

14.  The solid dosage form of any one of the preceding claims, wherein the solid dosage form
further comprises one or more excipients selected from fillers such as PROSOLV®,
disintegrants such as POLYPLASDONE™ crospovidone, glidants such as silicon dioxide or

lubricants such as sodium stearyl fumarate.

15.  The solid dosage form of any one of the preceding claims, wherein the solid dosage form

further comprises captopril.

16.  The solid dosage form of any one of the preceding claims, wherein the solid dosage form

has a total weight ranging from 800-1200 mg.

17.  The solid dosage form of any one of the preceding claims, wherein the angiotensin (1-7)

peptide is present in an amount ranging from 10-1000 mg.

18. A solid dosage form for oral administration comprising
(a) an angiotensin (1-7) peptide;
(b) citric acid;
(¢) lauroyl carnitine; and

(d) a protective vehicle.
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19. The solid dosage form of claim 18, wherein the citric acid is present in an amount great

than 500 mg and the lauroyl carnitine is present in an amount ranging from 50-100 mg.

20.  The solid dosage form of claim 18 or 19, wherein the solid dosage form is a capsule or
tablet.
21. The solid dosage form of any one of claims 18-20, wherein the protective vehicle is an

enteric coat.

22.  The solid dosage form of any one of the preceding claims, wherein the angiotensin (1-7)
peptide comprises the naturally-occurring Angiotensin (1-7) amino acid sequence of Asp'-Arg’-

Val’-Tyr*-Ile’-His’-Pro’ (SEQ ID NO:1).

23.  The solid dosage form of any one of claims 1-21, wherein the angiotensin (1-7) peptide is

a functional equivalent of SEQ ID NO:1.

24.  The solid dosage form of claim 23, wherein the functional equivalent is a linear peptide.

25.  The solid dosage form of claim 24, wherein the linear peptide comprises a sequence that
includes at least four amino acids from the seven amino acids that appear in the naturally-
occurring Angiotensin (1-7), wherein the at least four amino acids maintain their relative

positions as they appear in the naturally-occurring Angiotensin (1-7).

26.  The solid dosage form of claim 24, wherein the linear peptide comprises a sequence that
includes at least five amino acids from the seven amino acids that appear in the naturally-
occurring Angiotensin (1-7), wherein the at least five amino acids maintain their relative

positions as they appear in the naturally-occurring Angiotensin (1-7).

27.  The solid dosage form of claim 24, wherein the linear peptide comprises a sequence that

includes at least six amino acids from the seven amino acids that appear in the naturally-
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occurring Angiotensin (1-7), wherein the at least six amino acids maintain their relative positions

as they appear in the naturally-occurring Angiotensin (1-7).
28.  The solid dosage form of any one of claim 25-27, wherein the at least four, five or six
amino acids, respectively, further maintain their relative spacing as they appear in the naturally-

occurring Angiotensin (1-7).

29.  The solid dosage form of any one of claims 24-28, wherein the linear peptide contains 4-

25 amino acids.

30.  The solid dosage form of any one of claims 24-29, wherein the linear peptide is a

fragment of the naturally-occurring Angiotensin (1-7).

31.  The solid dosage form of any one of claims 24-30, wherein the linear peptide contains

amino acid substitutions, deletions and/or insertions in the naturally-occurring Angiotensin (1-7).

32.  The solid dosage form of claim 31, wherein the linear peptide has an amino acid

sequence of Asp'-Arg*-Nle’-Tyr*-1le’-His’-Pro’ (SEQ ID NO:2).

33.  The solid dosage form of claim 31, wherein the linear peptide has an amino acid

sequence of Asp'-Arg*-Val’-Ser’-Ile’-His’-Cys’ (SEQ ID NO:6).

34.  The solid dosage form of claim 23, wherein the functional equivalent is a cyclic peptide.

35.  The solid dosage form of claim 34, wherein the cyclic peptide comprises a linkage

between amino acids.

36.  The solid dosage form of claim 35, wherein the linkage is located at residues

corresponding to positions Tyr* and Pro’ in naturally-occurring Angiotensin (1-7).

37.  The solid dosage form of claim 35 or 36, wherein the linkage is a thioether bridge.
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38.  The solid dosage form of any one of claims 34-37, wherein the cyclic peptide comprises
an amino acid sequence otherwise identical to the naturally-occurring Angiotensin (1-7) amino

acid sequence of Asp'-Arg’-Val’-Tyr’-Ile’-His’-Pro’ (SEQ ID NO:1).

39.  The solid dosage form of any one of claims 34-38, wherein the cyclic peptide comprises a

norleucine (Nle) replacing position Val® in naturally-occurring Angiotensin (1-7).

40.  The solid dosage form of claim 36, wherein the cyclic peptide is a 4,7-cyclized

angiotensin (1-7) with the following formula:

H,N \KNH
HN M
H
0]
HO
0] NH, 0]

41. The solid dosage form of any one of claims 34-40, wherein the angiotensin (1-7) peptide

Iz

comprises one or more chemical modifications to increase protease resistance, serum stability

and/or bioavailability.

42. The solid dosage form of claim 41, wherein the one or more chemical modifications

comprise pegylation.
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1. — i T8 100t FH 1 A 50 2, L

(a) MEEKE (1-7) Ik ;

(b) &/b—Fpgh% bl 52 ()14 pH 5 ;

(c) B/D—FF R TR I Kk ZE (1-7) BKIA R R R e 12875 5 i

(d) TRIEEEND)

2. MRAEACRIEE R 1 B i) [ AR 751 28, DG v i 2 [ 4 751) 20 s 77 B 771 o

3. MRIEACH] LR 1 85 2 Bk i) A7) 8, b pir ik % pH 52 AT I -

4. ARVEBCRE R 3 Firaks (R F 44 77 B, Forp B id AT R R AR AE B &8 KT 400mg

5. WRIEACFIEL R 3 Fridk i (B4 55 28, e Bl il A7 A% B A7 AE ) 2 9 KT 500mg .

6. HRAR BRI ZLSR 3 B i iy [l 4 751 284 , 3 B I A A5 R A7 7 1) 5 DA KT P ] Ak 71 28
M 50%.

7OARIEACR] LR 1 8 2 Bk () AR 7R 8, Forb pir ik % pH 552 0 A 1 .

8. AR T IR AR EE SR A AF— I T 3 1 [i] 44 75 2 , G v b s R WA AVt s 7 2 P PR ko

9. HRAR BRI ZLSR 8 Frid iy ] 4k 751 284, JH o B I Ik PRI il A H R T PRIk

10. AR H5 B Z 3K 9 P 3k 1 [ 4 77 B4, 3 Bir 3l e Bk PR A7 AE B B G L
50-100mg.

11, AR AR EE SR 9 BT i 1y ] 44 770 214, o Bk ) A Tk PRI A7 76 1) 2 1A 5 LA i A [
PRSI S E 1) 5-10% o

12. AR F R AR SR A AT — T 3 1 [ 4 77 B, e pirad R PR BEN R 1 1 /N1
20 % B BT I [ A7 Y S

13. AR AT IR AR EE SR A AF— IR I 1 ] 44 750 2, e v i OR3P 1 E Y 1 2 B i 0K

14. AR F R AR SR A AT — TP 3 1 [ 42 77 B, oo Pt A ) B G A 2 17— el
Z Pk B 3E 77 i PROSOLV®. jif fi# 771)1# U1 POLYPLASDONE A2 B¢ SR 4E i« Bhit 7713
AR BT TG A0 e E D BRI R T .

15, FRAR Fi AR 22 3R oA — T i ads (g [ 4k 1) 28, Heeb i ik
F

16. AR 4 717 38 A 22 3K A — T50 R 3 1 ] 44 7] 2, JHG v P o (31 % 75 284 ) e B S LAY
800-1200mg.

17. AR F R AR EE SR A A — T a8 1 [ A 77 B, o pir i il 8P 559k R (1-7) IRARAE
) FIVE FE A 10-1000mg

18. —Fi A T2 M it FH i [T A4 7 Y, oA

(a) MEEKE (1-7) Ik

(b) IR

(c) H A IR 5 A1

(d) TRAEEEND)

19. FRARBURELR 18 Bk () AR AL, Forb i AP BR A7 AE (1) 2 9K T 500mg FF HL B
A H A PRI AE 1) B R YE LY 50-100mg

20. FRABAUFIELSR 18 5L 19 Pirads iy [ 44 77 2, JF rp o ] 4 7] B R 791 150 71

\

i

AREEE 7RI

2
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21. FRAEACH] ZLR 18-20 HAF— 10 firads iy [l 44 751 84, Forp Flr i R PEBEN P 22 I i 6
Ko

22. FRARE AT IR BRI EE SR F AR — 10 e s 149 [T 445750 28, Ferp ik LA B9k = (1-7) KBS &
KARTEAE I I Bk & (1-7) B IEMRF 51 Asp'-Arg™~Val’~Tyr'-T1e’-His*-Pro’ (SEQ 1D
NO:1) .

23, FRABAUREL SR 1-21 A4 F— T ik 1 [ 450 2, v it i 45 S sk 2= (1-7) JikJ2 SEQ
ID NO: 1 FIZhRESE[FIW.

24. FRABBURIELSR 23 ik iy ] 4457 B, v Bk Dy R 55 R 72 26 PERIK

25. FRABAURIELSR 24 rad gy [ 4457 B, Horp ik Ze MR B 3 B 45K B T il RIRAEAE Y

MAERTKZE (1-7) I -CA IR 2D DU A IR 17 71, A i 22 /0 DU g 2
PRANEA THE T IR RIMFAE R IVE Kok 2R (1-7) TR BB CR R E AT AR A &
26. FRABE BRI ELR 24 Pradk gy [ 4457 B, Horp ik 2 MR 3 B 5K B BT i RIRAEAE Y
MAERTKZE (1-7) P HEIP-CA RN 2D AR LRI T 5, HoA frid 22 /0 1 2
PRANEA THE T IR RIMMFAE R INVE Bk 2R (1-7) TR BB CR R EATR AR A &
27. FRABAURIEL SR 24 Frak gy [ 4457 B, Horp ik Ze MR 3 B 5K B BT RIRAEAE Y
MAERKZE (1-7) FHEIP-CA IR 2D AN TR LRI T 5, HoA frid 22 /0 7S fhg 2
PRANEA TFE T IR RIMFAE R IVE Bk 2R (1-7) TR BB CR R EATRI AR A &

28. MRAB AR EL R 25-27 HfF— T ik 1y ] 44 770 2 , 3 v ik 22 /0 DYoL T a7/ S Az
FERR A EATHE B iR RARAFAE I Bk 2R (1-7) A IS 2 gt — AR REE AT T AR A
[i] 2

29. MRABAUFINEL R 24-28 HAF— TG ik 1 [ 44750 2 , v pirad 2R K5 4-25 A2l 5k
I8

30. FRABEAUH] ZE3K 24-29 A AT — T ffr 3k 1y (35144 77 B, G v i 286 42 JOA 72 P il R SR A7 A
i Bk R (1-7) A B

31 FRABEAUH] ZE3K 24-30 HAF— T ffrads 1y [ 440 751 28, JHG v B s 28 42 Ok 25 ik R SR A7
FERME Bk 3R (1-7) PR R R R AN/ Biddi N

32. MRHEBUFIER 31 AT i AR TR, For prid & 1 ik B R LR 781 Asp '—Arg” N1
e’-Tyr'-1le’-His’~Pro’ (SEQ ID NO:2).

33. MR HEBURIER 31 ATk (I AR IR, Forb prid & M ik BB R LR 7 51 Asp '-Arg™Va
1°-Ser'-11e’-His"Cys’ (SEQ ID NO:6) .

34, MRABAURNELSR 23 Piradk By [ 4457 B, Horh ik D) ge 55 R 2 FR K

35. MRABAURIELSR 34 PIrads iy [ A4 77 B, e rp i 20 IR0 25 B IR TR A

36. MRABEAURIELSR 35 Pirads B[] 4457 B, Horp iR S %5 BT RARAFAE I I Bk R
(1-7) H A7 E Tyr'fl Pro "HUARFEEAL

37. MRABEAURIEL SR 35 B 36 Firads ([ 4477 B, Forp B iR S B ET

38. HRABEAUH] ZL 3K 34-37 A AF— T i ads 1y [ 44 751 28, F v Frd BRI 25 59 40 5 ik ok
SRIEAE IS B9k 3% (1-7) R EERE 741 Asp'—Arg®—Val’~Tyr'-11e’-His*-Pro’ (SEQ ID NO:1)
FH R 28 EE R 51

39. MRABEAUH] ZL3K 34-38 HAF— T ffradk 1y [ 44 77 B, v sl iR 2 B R IR A7 A

3
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R Sk & (1-7) A8 Val’fiE=aE R (Nle) .
40. ARPEBUF SR 36 ik 1 [ 445757, Horp Frid SRR 2 B R 20 4, 7- P40 I Kk

= (1-7) -
HoN NH
Y O
HN
NH
/
0 NH NH
(¢] (o] N§/
(6] NH
HOY\H‘\ H
N N = 0
H H
(0] NH> (0]
OH

A1, MRAEAUANZEK 34-40 FR AL — TR 1 [ 4477 B, Herh ik i 8 5k (1-7) ik
—AEE MU AN & A B 52 1 S AR E YEAT / BRI T EE

42, MRPE AR ZER A1 Prad i) [ fA457) 2, Forp prid — A sl 2 M2 2 i i 5 5 2 07
o
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I8 3% 5K Z2 A0 O AR 57

[0001]  FHOCHIIEMIAZ X 5 H

[0002]  AHITEZE K 2012 7E 9 F 17 HHEAZ 13 FIlm i & F] §135 F 51 No. 61/701, 972 HIFL
S, A A TFF AR N S AE M DU EEAR RN

[0003] P

[0004] 8 13RI 5 2 —Fh 7 Z MM IS 2, RO 5 8 4 50 F AT & A g 42
FHEESEAE R HL 25 35 i R D A ET k. SR T — AR MEZS i F K, ORI 5 B . &
(1t FH 66 JOAS 2 o 657 5 e 2 it ) L 2 A i) R, R A R AR R = B G A S ALk
B 55 52 B R0 1) B 7K SR 52 ] o 3K Al T DAPROEE B AR IO, AN TS A L R 2 Je ]
UL ENIIV IR

[0005] & EHAEAR

[0006] AR EASRME T H A & 1083 ME KK R IR A G A T8 e, 4K B
PRAL T PR LS SR 9K 2R K R AR 0 1 I 4 i L IR 2 Ly 7 8 o 0 IR 5510 25 5, AR i A
B 2% (1) L Kk 2 K R 3R AT ZE K 1 S AR T A R AR R EE

[0007]  FE—J7 1, A BRERAL 28 it A B AR ) 28, AL 2 (o) Rk &R (1-7) Ik,
(b) Z/b—FhZj2: L2 1IB% pH A, () B —Fa et s K5k R (1-7) BRAED
I FE ORISR 3R 77, AT (d) AR PR

[0008]  7E—Usijii J7 S, i PR ] 4k 771 28 s 3 571 B 74 o

[0009]  7E—HE5ji 7 R, G IE I FF pH I BATIRIR. 1 — LSt 7 B, i IR AF 1
[ 9 kT 29 200mg ( 4, KT %) 250mg. 300mg 350mg . 400mg 450mg  500mg + 550mg  600mg «
650mg~ 700mg 750mg800mg) » £ —LES it 77 S H, FrAR R AT L I 2 D R T[] 4k 7] B A E )
#120% (t, KT 25%.30%.35% .40% .45% .50% 55% 60% 65% .70%.75%.80% ) -
[0010]  7E—Lesijifi /5 29, A& F% pH FAE AR -

[0011]  FE—SBSE 7 R H, A 3E R IR 7R RS IR . 7E — LSl 7 R+, B2 A
Bl )RR TG PRI, A — 8 S 7 58 R, ) R T PR R AE AE 1 &= 1KY L2 29 20-200mg (4,
biEA N 20-150mg.20-100mg.20-90mg . 20-80mg+ 50-200mg . 50-150mg . 50-100mg 50-90mg .
50-80mg) » 7 — &St /7 A, H AR R B A 7E 1) & 8 2 20mg, 30mg+ 40mg - 50mg « 60mg
70mg.80mg.90mg+ 100mg.110mg- 120mg+ 130mg. 140mg. 150mg+ 160mg. 170mg- 180mg+ 190mg &Y,
200mg. fE— LSyt 7 Z8 H, )RR Ik R BR A7 L 1 52 0 L D ] 44 75 8 S L ) 29 2-20 % (i,
2-15%.2-10%.2-7.5%.5-20% .5-15%.5-10%.5-7. 5% ) . £ %65t )y 2 rf, H Ak
PRV BRR A7 £ 1 B A K T [ AR R B S BB 20 1%.2% 3% 4% 5% 6% .7%8%.9%10% -
11%.12%.13%.14%.15% .16 %17 %18 % .19 % 8%, 20 % . 7 —Lesjfi j7 &b, H
TRV AEAE 1 B o /N T [ 445751 2R R B PR 24 2596424 %023 %422 %6421 % .20 % .19 % . 18 %
17%.16%.15%14%13%.12%.11%.10%.9% 8% 7% 6% 5% .

[0012]  FE—U8sijii 7 2, Gid IR PN VS s K . 78— 2o st 7 2, Ry i
AW B N BN T T AR R R B R 2 25 %6424 %423 %422 %421 %.20% .19 % .18 %
17%.16%.15%14%13%.12%.11%.10%.9% 8% 7% 6% 5% .

5
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[0013]  7E—&5ji 7 S8, M4 A U BH 1) ] 4 1) B 5 4 7 — P El 2 MR e /). 72 B Ak
(R SETt 7 ZZ v, ik —Fhak 2 PR Rk B850 (1% a0 PROSOLV® ) | i fig 7] (i
POLYPLASDONE™ A2 R B 2 i )  Bhint 7] (i S ukE ) sy (i nisfis = SRR ) -

[0014] £SOt 77 52 v, AR A R B ) ] 4 77 AL 3 B0, 2 R A D

[0015]  7E — S8 St 77 &2, A od 1 B A4 55 Y R A = O 29 500-1500 ( T, 2
500—1200mg\500—1000mg\600—1500mg\600—1200mg\600—1000mg\700—1500mg\700—1200mg\
700-1000mg+800-1500mg . 800-1200mg800-1000mg) » 7 — L& St 77 2, &3 147 [ 44 771 7Y
f) s B Y5 [ N K T 25 500mg . 600mg  700mg . 800mg 900mg . 1000mg - 1100mg 1200mg 1300mg
1400mg 5% 1500mg .. 7£—LLS2 77 8, Gk i) [ 440 77 28 Fy s B O Bl 124 2000mg  1900mg
1800mg. 1700mg+ 1600mg. 1500mg 1400mg. 1300mg+ 1200mg. 1 100mg- 1000mg.900mg 800mg .
700mg.600mg B 500mg.

[0016]  FE—MUsTjti 7 E b, M Rk & (1-7) KA =5 F v 4 10-1000mg ( 41, £
10-900mg - 10-800mg+ 10-700mg 10-600mg . 10-500mg~ 100-1000mg 100-900mg - 100-800mg .
100-700mg~ 100-600mg. 100-500mg~ 100-400mg. 100-300mg. 200-1000mg- 200-900mg .
200-800mg.200-700mg200-600mg200-500mg . 200-400mg . 300-1000mg. 300-900mg
300-800mg+ 300-700mg 300-600mg 300-500mg) » 7E— &L /7 Fr, M BikE (1-7) ik
TEAE [ B N BUOK T 47 10mg. 50mg 100mg - 150mg . 200mg « 250mg  300mg « 350mg » 400mg  450mg «
500mg. 550mg600mg.650mg 700mg 750mg800mg. {F — L& s 5 &, Ifl & E ik & (1-7)
Jok 7 £E f) & 9 8N T 29 1000mg. 950mg . 900mg . 850mg . 800mg - 750mg  700mg  650mg  600mg «
550mg . 500mg450mg . 400mg - 350mg 300mg . 250mg - 200mg . 150mg 5 100mg.

[0017]  FEHEARISEHETT R, AR WAL 7 F 128 D A i A R 2, A (a) I
KikE (1-7) Bk, (b) FERR, () AAEBERGEL, A1 (d) PR EGENY). 18RS sii 7 &,
R BRAFAE I N KT 500mg F HH HEIE R A7 7 1) & YE H A 50-100mg

[0018]  FEIELLStE Ty S, [l 4 7] B A R 55 B 711) o A LS STt 77 S b, A3 B PR G t
WA 2 B A

[0019]  FE&FRSLHTT Zrh, M Bk ER (1-7) IEERAGFERMERKER (1-7)
FR 741 Asp'-Arg®—Val’~Tyr'-11e>-His*-Pro’ (SEQ ID NO:1).

[0020]  fE&Fhszifir &b, M 'S5k &R (1-7) kA& SEQ ID NO:1 HIThRESE R, #£—ut
ST, DR SRR R R IR . fE— LSy b, ePEIR B & T ERER D 4 Mk A
FARFEAE IR Bk z (1-7) TP L) 7 M L IR s B R 1 P 21, Horh 270 4 M R R
B e MTHARST A7 B RFFE 5 KRR Bk R (1-7) BRI B Ak, 75— LS
J7 & IR S s 2D 5 Mk B R IE Bk ER (1-7) Il 7 M AL iR
(R IR I 7 41, Forp 220 5 Fha SRR S AT TR O A7 B ORFFLE 5 R AR AE 1 I A K 7k
= (1-7) IS AL, fF— et 77 Z i, S MEIREL S T FE > 6 Mk B ORIRAEAE
g Bk z (1-7) TP L 7 M R IR B BRI P 81, Horp 2/ 6 M B ERG E ATy
FEXH A BARFFE S RN ME Bk Ew (1-7) P I EAL . LSty &,

Z /0 4.5 B¢ 6 P ZE IR B 3 — 2 e AT TR AR X 8] BE AR FFLE B IFE R ARAAAE B IS Kok 3R
(1=-7) BN E AL

[0021]  FE—UUsfii b, Ik & 4-25 MR (11,4-20.4-15.4-14.4-13.4-12,

6
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4-11.4-10.4-9.4-8.4-T NI ) - 7E— L8507 S, e MEIK & 4.5.6.7.8.9.10. 11,
12.13.14.16.17.18.19.20.21.22.23.24 B 25 MR A,

[0022]  FE—HUsCti Ty 2, AR RIREEM AT Bk & (1-7) B B

[0023]  FE—SBSt 7 B b, MRS A RARFARNIME Bk Ew (1-7) PRz AR IR,
FROCAT / BAEA

[0024]  7E BRI SEHE T ZErf, MK AT Asp'-Arg®Nle’~Tyr'-11e’-His*-Pro &I IR
F%1 (SEQ ID NO:2) .

[0025] 7 HARMSEHE T i, MK AT Asp'-Arg®Val’~Ser'-11e”-His*~Cys (&L IR
F#%1 (SEQ ID NO:6) .

[0026]  FE—LUsCti T 2, DIRESE R 2 PR . 7 — S8 STy b, IR T2 AR
[ P £F — e Sit g ZErp, TR T T R ARAEE I IR R (1-7) AL E Tyr!
FIPro SR FEAL . 75— L5ty R, A4 2 B AT -

[0027]  FEHARRISLHETT A, MRS R NS RBAFAAERINE FKER (1-7) AHERTS
Asp'-Arg—Val’~Tyr'-11e>-His"-Pro’ (SEQ ID NO:1) #H[F K FERE 4.

[0028]  {EHLLLsfEJy b, KA S B RRRAAEM M EKE (1-7) FHAE Val’i
EER (Nle) o

[0029]  FEFRELESE T b, KA B A T 4, 7- g Bk Ex (1-7) -

[0030]

NH / N

M f}\oj\i\m/ ) | NQ/

[0031]  ZERFheLiti g &, & Bk (1-7) IhEG — D AME a6 UL n 2 (A i
i 2% MLTEF2 e A / BAEVIRI B . 7B — S8t 5 =vp, — PN ML B IHEHE R
—REAL.
[0032] AR EHEE— D HRAE 1 R T it FH AR SR 1 10 AR 7 A v
[0033]  HIASHIIERTH, RiE “%) (about, approximately) ” n] FHYEZEREIY) . A HHiE P R
AEAT B A B A 20 10 0 R A0 TR i A DG B A A 3k ) 385 3 B AR N R B B P AT AT I
3o
[0034]  AREAMHEHRHE B bR AR A LI G FIVER RIS 210 2 W SR, MAZEL i, 1
IR TE i B A R B 1) St g 8 1 TRV, A3 ek 2845 i B 1) 0 SR i AR PR i i R e A
R BH T B P 1R 5 e A0 A ARG EOKeE 388 3 % 3R T 6o AR A3k ) 2 AR N 02 AR5 5 1 2 WL
[0035]  Pff E fijids
[0036] B T Ui B H i AEFR il
[0037] K 1 #4541l S, Ui R 1 - Fhoite F & 2 00 B i 28 R TR (AUC) 3R 1P 4

7

H.N NH
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KikER (1-7) MaRBERE.

[0038] & X

[0039] A T ARKHERE G B, W T e 7 FEARIE . XL ARG EARER
FIAME XAEAR B H 2 30R .

[0040]  Bh¥ WIASCET A, R “BhW” AR MEE M. £ —Sestiiy i, “3)
YT R B BRI o FE— SS9, SRR AT R B B AE B, 1
LS Ty e, AE NSRRI (n, mE UG RN AN BRSO T
REEGMA ) 8 ) o (E—LE50T7 B, I EFEEA R T A S €T
Wizh¥). ., A/ B B — LS 7 2, Sl N SE R B R R T RESh A /
B

[0041] % (approximately, about) WA, a0 H T — B AN H br(E BFIRIE “ 2)
(approximately, about) ” s& 48 58 th I ZH(E R PAURE. ERELESLH T R, RiE“4)
(approximately, about) ” 248 FRIE 53 AU BHEL 75 4 R S i & L, 5 9N 25% .
20%.19%.18%.17%.16%15%%6.14%.13%-12%.11%.10%.9% 8% 7 %66 %5 %6«
4%.3% 2% 1% 8 /NEE (RS FHERIME—T7n CRTEVNT)) BME (BR T34
ISR R I T RE AL 100 %6 B ) o

[0042]  AEWRIHEE G0ARSCRT L, ARIE “ AR EE” — e 6 i 7 2 31008 52 3 i
RIE 7

[0043]1  AEWiEYVE QA SCRT A, F0E “ AEWE TR R PR AL MR AR R AR R A LA
W B TR TR . 500, 2 Te) A HLAA I R i RIS, Bk i R0 B AR B A E R, B4
B dil 7704 A B A s 1t o 78 A K B A AR 0 ) B AR S T 58 R IR R S ik
B 2D — T A 1 B 23 8 RO AR NE R . AR SR ST T R, IS B A [
A A AR ] — B 2 A O SRAEAE I IS Rk AL B B E BN A B A i 1
[0044]  ZRAREHERESR] QAT , ARAE “ 2R 0 R 245255 Errdeseny (o,
24 o 25 N ) SR 8RB o DAA T 2 25700 o s 491 1 B R ) 60 46 T TR
IS VEST AN 7K (BWFT) | pH 2l ( Wi iR #h g vh b 7K ) L J0 T R 7K I 0 MR TR
(Ringer’ s solution) B % FEVA W -

[0045]  FRIRY A ARSCRT A, ARGE “FBL 7 R« B T St e F T AR IR T B I LA HUR
BLEIEIT o BN ERAL S A TUE B S TEY) R, A TR =4 HARyT 2. SR, RO AR,
AW STE S B 3298 B AR TR ] S 5 22 A 7S [ Y U e

[0046] 452577 WA, RiE“HAT R (BLBIT T R”) & E—B
B PRIy A ) 20 & A A R (EE 2 T —AY )« fE—HSi T B, 4 1A
ST BRI AT K — A N RENA AT R E— T Z, AT EBHES
AN, BT & 18— 0T 5 55— DUM RS BE I (8] 73 JF 72— 2SSty E i, 45 257
FAFEZ AN HNEMRE SRR 2 DA AR A B AR — 28 S0 i 77 v, F6 97 A
TE WA N IE S o 7E— L8527 2, B8 97 AR R — Ik (QD) Bleds R it FH P I
(BID) JitiH -

(00471 WRJEF AASCHT A, ARVE “TRIER” 2 fa AR a0 2= 25408 / 5efil5H) DL oGE B ig
i/ Bl p e (R —2eik ) 28 1Rt (RIAEMIRI RS ) L 25350 Rt J LA

8
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G IE I .

[0048]  DhRESERVIEINREATAY) AT, RIE“ThRe & R 8L hRefiT A £ow
TER IR T I DI REATAE DG OL R, OR B 5 B UG 7 51 1 AR i 1 B A B SR AL 2R v
(15> DHRENTAEMEEE R ] A R ARAT AR, B E A B A bl 45 . I PE DI RERT A
BFEEA — AN NIRRT HUR S SRS BIS IN I Z L 7 41, 4R SR TR B 1 i AR
YIiE R AR 1. BURE IR B A i 525U R R 12 - PR 2R L 1L
- BRI . T AR I2RALI A — PR R LS FAT B AA TR L B KM L SR K T T
FAt .

[0049] X3 3B D ANA ST AT ARAE “ O, “HE N B kb BRE VRS R PR B
T AR TG E (1 WIE AR [F) A oR AR T 46 A SO T IR Y8 97 2 H BRI B R = AR SO
VAT B EXS RN (B AR HEAMA ) FrpgillE ) BIME. X RRAMAR 7 R S IEAEIRTT
[N A4 TR 20 1 N4, B e BRAMAR L TEAE VR TT AR AL T R EAH R A4l ( LA
TREIEIT BIAARFINT REAN A R R0 IR B B T LR A ) o

[0050] R4 WA SCHT AT, ARGE “AR A7 & Fa 78N TR SE an /e I Bl S L2 4 Al i 7
YAk 2 4 A AL R A B A

[0051] RPN WIARSCHTH, ARE “ORN 7 & Fa 15 2 40 WL i AFIAE NS R AR 1)
o FEEET A REEH B RS0, RE R TSR R AR (52, B
w, ARG )

[0052] 3 BSHY UNARSCAT A, RAE “ o0 B 2 fn / Btk ol (1) 530 —5rE
FriR W5 Fl / BCSEARRII UG 7= A I AR IR B 4 9 A 43 B8 (TCIR 2 7E R IR / B g s e v ) , A
/8 (2) NL=A il A/ 8ifilit. &0 8 YmA / sisfhn] 55 TG A B & />
21 10%.2120% 2] 30% £ 40% 2] 50% £ 60% 21 70% 2] 80% £ 90% %] 95% . Z]
98% £ 99 % F: AR | 100 % 5 100 % {1 H B 20 340 55 o 75— 28 STt 7 R A, 203 BRI AR
F#180% 24 85% 21 90% 2] 91% 41 92% %1 93% 4] 94% 4] 95% %] 96 % 4] 97% .
2198% 27 99% FEA I 100% 8K 100% 4. WA SCHT A, W Y FEA LAE e d s,
VA “Of)” . WIASCATH, R “or B i 248 2 40 A L A & I 4n e .

[0053]  Jik : Gn A SC P A B ORAE “JIR” 2 8 4 bR IR B OE 7E — R 0 &R R 1 T
(sequential B ). %, RiE KA B R 1R EERBE , (H A S 1) 1M B RN 520 22 1
TR ARAE AN PR TR AT 45 5 A B ()4 HL vl F8 60 7 48 el JIR BRI AE — 2 I P N S TR 1) /)
o BRI, IEH, RS TE B BN T 50.45.40.35.30.25.20. 15,10 MR LR R L RR BE .
PNETTBC A E % NN/ 55 I 1 O A1 6

[0054] 2% LRTHESZ 1 QnAR SO, ROE “ 2522 BT 3es2 /7 J& 48 24t FH 25 208 i A
P AR AR B I RSO B 5 RO A AT SR B A S

[0055]  ER WA HTHARIARIE“EH”ZBIEADBUERALEER P —FESZ 2K,
R Z IS 7 B DR AL B T TR oy BOE e FR AL T AN 75 22 5 H e 2 A 7K AT BRI
I PR B AR DG, WIARTE “ Z K7 F“ B 7 nl B . iR o Bh e At 2 T —F
AR o B0 22 IR AL MIARAE “BR 17 A2 fa 3 ARIRAE — 2 FF —BAE N 7 B A iR
FESTE )¢

[0056] A2 E Mk WA SR, ARTE “Rae 1”7 26T A AR B v 7 ROR (), Br Bk

9
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HRH o AR A DTG TR AT/ s B AL 22 5 Ve ) RE 1. 1T RIS e 1, A2 &
VIERFR I RIB YT I AR € PR B Re T RKIAPEAE (4n, 2270 1.3.6.12.18.24.30.36 /> H B
A D)o FERLESETT T, DAl 7 A ST K24 A Y0, {615 EATRE B8 A2 € 5L 4t
ok 2% B 97 5 e — RS O A — P a2 Bha T R B R . AR BSOS , FRE B 7 2
— MR T A A B R (AR / RR IR A TR T ) AR EORKF
AN/ Bl 7 e B A A AE s e

[0057] 2l ANASC A, ARG “ 2R E 7 2fF ANBUEFEFEAZIY) (a0, /NSRS
WA E VB ER KRG ) . NEFERTE AN R 2 ST &, 2k
T N ZAETNEE, KRB BT R4 DL2Bsua T M BN . RHE“Z
BRSPS AR BB E T R . 32 T i R R ) S5 B0 E 1 T R B
ANTT fE 2 IS IR P 0 BT i FRTIE AR o

[0058]  JEAR b cWIASSCHT L, ARGE “HEA 7 S fR R I H H ARRAE B B 58 4 Bl - 5
AR T BN IR o 2 o AR RN DK B AR AR AL I G R AR TR AR A
TR/ BOE T B B R BB e AT S5 . RIE IR 7 BRI TEA S H T
SRVF 22 A WA AL 2 L G R = I (3 1) 58 B 78 e

[0059]  VRITHRE ANASCHTH, RIE“IGIT7 A BE " IIEIT IR 4 1n) B 5L B
TRE AN/ Bl i) 323 T F I 2 CAYR T 12 W FUB7 Firads e o e AR/ Bl BB AT/ B RE
ZEHIERRAER . ARSUR AR N SO B, @ & B 20— DN RA R E RN S
27 RIAIR T A .

[0060] YT / AbBE WIASCHTH, RIE“URYT / AbEE (treat, treatment, treating) ” & fg
FEAR] FH 358 40 B 58 A P 2035 S SR ST ELAAS B S RE AT/ B AR, SR HAAR S R
SEA / B R A, FRAR AR e AN/ Bl S ) P B AR /Bl AR B AR | e A
/ B BB — PR B 2 FRE AR BOCRFAE I R 2K o ADBEYR YT e 25 AR FE I i E RN/ BN
JEE 30 s 5 2R 0 1 32 DA FH T A BT 5 i P2 3 AH S R 03 TR BT RS

[0061] AR EIHIHBHRHE B FRAPLAALE LU VRl rh B 5 I o 281, BZ B, TERTE
AR B St 77 22 I, AN 2849 5 B R T 2Ugs e AR PR 1 8907 :Ua th o AR BIYE N 1
AP AR AL IS CEORE 8 1 116 AR A R N 51 AR 45 1T 5 DL o

[0062]  HELLSTf T R VEIA

[0063] AR EHJCHARME T@EH T2 Ot A 2l IE Bk E (1-7) (Ang-(1-7)) 1)
i35 2Tt FH PT T 200 H I, R4S VR T 50 e B B

[0064]  7F—Ybsjifi 7 e op, 3R 4E T T4 it O AR Y, A (o) M EkKER
(1-7) Bk, (b) Z&/D—Fh#j2E Eal 2 BB pH 57, (c) &0 —Fa 8UEdtmiE gk (1-7)
JOR A= 0 R B R SR gk 77, A (D) ARSI EEA

[0065]  FE—LSji Ty v, [ 44 B 2 I R B 7o & M) £ 1 IR 55 0 77 2 A0 i o
FE ARSI AN, I HAAR A I HOR N 51K BE 8 i 23X L8 77 v B MR AR 5 i A R B
PR RS . IEATEAR KPS E NS T SRR

[0066]  AKEHRIEAN TR T LR &S H . HEHAESERGIA K fA 3
A& T AR AR T FEAHIEH, BrAE S AME I, 15 s B o < / 57,
[0067]  ImAFEIKE (1-7) K

10
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[0068]  WIASCATH, AE“IMAE KRR (1-7) K7 BIBRAFEMIME KK R (1-7) FX
PAFAE R Bk 3 (1-7) PRI ReSE R R ER AT AN . AR A, “IR” F1“ %2
K7 & AT B ORE, JE e iRl IV S S BRI DB DN AR . WA, RiE
IR A Z IR AFEZR KA IR IR . ARIEC ME Rk ER - (1-7) " “IE Bk ER - (1-7) 7 H
“Ang-(1-7) 7 W] HHAEH

[0069]  RIRFEEMIMAE BEKER (1-7)

[0070]  RARFEAEMIMAE BIKER (1-7) (WBEFA Ang-(1-7)) 2T KGR ALK
[0071]  Asp'-Arg®-Val’-Tyr'-11le’-His*-Pro’ (SEQ ID NO:1)

[0072] H2B &R - MERKE RGN 5, 3 B WA A Bk R IR AT AR AL
Tk, BT I I8 S 9K 3R i 2 —Fh 2 stk = A H = Bl I PR R A K « —2- BREE . Il
BRI R I 22 2 R B BN ) R SO — A ORI HABRRRON B =R . AL 9k
FRIFEK N 452 MEIEIR, (2 A R e BA & RO IVE Bk &R R . 18w, R 12 4
FIEINT T IS SR 9K 20 1 R i e B B -

[0073]  Asp'-Arg’~Val’-Tyr'-11e’-His*-Pro—Phe’-His’-Leu'’-Val''-11e'"*(SEQ ID NO:4)
[0074]  ANRIZEAY ()il 8 BE vk 2 T & Mg 0/ E O Bl i, i8Rk & (1-7) 218
I Ik 2 - #E4LEE 2 (ACE 2) HIEFT = AE 1

[0075]  Ang-(1-7) /& Mas SZARM N IRVERCAR . Mas 32442 5 7 MESEEIX 1) G- & A Ik
24K WA SCRT L, RIE “IE Bk R - (1-7) 24K i T G R A Mas 21K,
[0076]  WIATSCHT A, R “RBAAAERME Bk 3w (1-7) 7 B35 BA 5 RBAAAE R IE R
skER (1-7) B2 IR 7 21 AH [F] 1 20 R B8 7 210 6 DA DR SR SR 4 A 1Ry A {3 26 7 A Ik Bl A
E UK AR LA Bk 3 (1-7) k.

[0077]  Ang-(1-7) MZhRESE R R ERAT A

[0078] £ — LS U7 b, & H T A K L E Rk &® (1-7) Ik 2 RAR LA
Ang—(1-7) HIZhaeE RV ARSI, RIRAFAERT Ang— (1-7) KIDIReSE RV & TR 5 KRR
TEAER) Ang— (1-7) FHEEIRT A Al —VE HEAR LR T 5 RN Ang— (1-7) AR EL
FANTEVERAEATIR . 40, 72— L8 S0t 77 S8 v, ASCHEIR R IRAEAE B Ang— (1-7) I DRESR
R4 5 A Gn s AR SR B AR sk, 0 R0 1 5 92 e AR I A v P, B8 LAV T v
— S BRI U BT 9K 25032 (1 A B2 DI RE 1) JR 29 B AR ST 18 (B AR AR s M) I A= s 1)
HeMme —. ST &, AR SCHIR W R IRFER Ang— (1-7) [ IIRESE RV AT 45
B B A A FH AR ST T I BAR A8 O 0 7 & bl o A | I R sk 3R - (1-7) 324k (i, G
T EEEBER Mas 324K ) o £E LSz 7 =, Ang— (1-7) BT REEE RV AR 9 I ok &
(1-7) KA T EY BRI RERT A

[0079]  EH, MERIKER (1-7) KIDIRESEFN S RIRFEAEN] Ang— (1-7) LH AR TSI
KAtk o AE— oS 7 R, IR AR B Ang- (1-7) FIZhRESE R & A 45 K H R IRTE
TEH) Ang—(1-7) HH B 7 BRI 20 3R (W, B4 4 Fp 2/ 5 F &/ 6 fh 2
DT M) BAERETH, KRR R 3B (n, 2 4 B2 5 P 2> 6 ek 7
Fh ) RIEBRUEAHERIRAFLER Ang— (1-7) HILHIFECRFFEATTHIA &

[0080]  FE—LESLj 77 S, Ang—(1-7) WDhRESE R MR ¥ S A5 RAMFEER
Ang-(1-7) FIEERTFHIBA 2D 50% (1, 2/ 60%.70%.80% 8 90% ) [FA—PE:H )7
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IR L . G ERR P A R — P A E 43 te T i o 2L R 7 Bk i e« B E IR 7 51
EE T AT DA J B4 A 1R 25 R 2 (g an e B vl A 13145 1) oH LR 441 G BLASTLALIGN
(M egalign (DNASTAR) ¥ ) SE3le ACSBHIAR N 53 A 8 & 24 2 2 LU & ELoo, A0
R R ERAS A K P A B R XS R . AR i b, WU-BLAST-2 B4 F -0l 2 & 2L R
oA (Altschul 2%, Me thods in Enzymology 266, 460-480(1996) ;http://blast.
wustl/edu/blas t/README. html) . WU-BLAST-2 i Fl £ Fh ¥ 2 S 5k, K2 5 S Bkl i e Nk
B "TRBENSHERL IME R E - ESEE= 1, HE 7%= 0. 125, "WBE{HE (1) = 11,
HSP 1543 (S) A1 HSP S2 Z%& ShAH H H n] R 7 4% B iR ELAR T 41 i 4H R gt S, AN ¢
ANME AT a0 B ISR A

[0081]  7E—H&sjifi 7 1, Ang—(1-7) BT RESE R ALY BUAT A W0 0 R ARAFAE )
Ang—(1-7) Wy Bt fE—LEsTjifi /7 9, Ang— (1-7) WIZhRESE R KA SAT D & H
RIRAEAER Ang— (1-7) H R SRR B BRR AT / B3 N . Ang—(1-7) DR SE R4 2R A
VIEAT A AT 2 B B AR A/ Bk O T8 i O R L 7 AR A o 9, RARAFAER
Ang-(1-7) HI/F41 (SEQ ID NO:1) WHI—NERE AR LR TR IE n] 4 E R D ae 55 RV
(I ZEABUAR A (1) 573 — P SR BR B, AT R BOUTER Sk 781 N 35 R B AR AT Ik BTk &
FERR @A B R . B0, B OBl ) R EFER =R A RN E R . 3F
Wtk (KM ) FEROFE &R T oo 2R N ER R &R =R T2 R (= B A
EEIR . AT RN R R O 2 AR 75 2R - DR I 2R R A Ik fl A 45 Bk
o W (M) FEREIERAMRMRELAR . IR H 2R T PN A2 LR
FIREAH . () M EIEIRE A . TR 500 N BEAT I U — R B A R R <7 X
o A, AR A 2 R Y 21 AT A2 1 A

[0082]  Ang-(1-7) ThRESE [FW AN AET A= 90 () SEB AR - DA bR “ o ) 1 0 A 5
sk (1-7) K7 BT,

[0083] I/ '3k —(1-7) BAPT AT . 78— 5 2, M4 A A B I I 5
sk - (1-7) KT & A 6 an 4-25 N AR (W1,4-20.4-15.4-14.4-13.4-12.4-11.4-10,
4-9.4-84-T MR IR ) o FE—LLST T R, ZBPER S 4 455 A6 ST A8 A9 A
10 NI ANV 12 D13 D14 16 LT A8 AN 19 A4N.20 N 21 .22 .23 AN, 24 AN ER
25 MRIEIR -

[0084]  FE—HESI Ty Z, A B9k &R — (1-7) K& G308 B BR Y 52 P L 95 A2 € P A0
/ BRI FE ) — M el 2 BB . 72— B80T R, A id MBI B IR R £ =ik
LA B Y Z AL H D- EERA / BEE R IR B REUCA / BUKFI1L

[0085]  UNA AT, RIE“EAILRR” s ) 2 & SCRULZTRET T8 N Z IKEE L&
YL ) B . AESEEE S T S, EIE IR B A — M4 HN - C(H) (R) - COOH. fEH:4bsi
Jia 5 G, AR AR RARAFAE M R IR IR o R RS 7 B, AR & AR R IR Z LR
(, a, a- ZHRBIRIERR . N- FEL IR IR ) fE — 2Ly 9, B S d- AR
FERELC S Ty e, BRI A 1- FIETR . “hrifEZEIR 7 & 48 RIRAFAE [ Ik s A7 7E 1
TR E IR IR BT — AR RAR B 1- F d- EIEER . COAFRHE” B R LR
BLIR” e ebR 1 FR R IR R 2 AN EAT IR IR, o iR HIE & i) #5308 & MR SRR IRTF1 o
WIASCHTH, “A REEE RIRE IR I 5 A A R 2R, B AN PR T 38 & R IR AT A=

12
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Yy il ) A/ B, T B R, A IR rh iR i A/ B A v ) 2 R R,
DSUAE R R A 2 2 S T AN AN 0] 5 e G 12 1) B A0 L B el - SRAR AT/ BOH LA o 2k
RIBAKAZ M . JE & R R SR 2 B 1R 1) SEF B AN PR T N R . B AR IE &R IE
SE IR A- (B) - T #fdk -4 (R) - FEE -N- HIEDREIR (MeBmt) N- HIEE — S22 (MeLeu) &
FER TR B BRI A N- B3 - HEER (MeAla) . EER TS5 ik, RiB“EILR”
A5G RR AL T, JF BT DRI B R AR AT / BRI R A i ik A . AR RAE
()b S ST S LG 4R B R IR IR R

[0086]  FER-SLSiE 7 b, M KKK - (1-7) Jk&A Mk 2R L- &R, D- BER
A1/ BRAER IR AR

[0087]  BR TANEH RBRAFAE B ELBRIIK A, A % ik s 7 A IRk . Ik
AN A ) 25k A A B S5 AR IR () I8 £ 1 o AL () 1 o B HERR 245 . AERKAL A A
W XN “ IR BB E (Fauchere 25 |, Infect. Immun. 54:283-287 (1986) ;Evans
5%, J. Med. Chem. 30:1229-1239(1987)) o 577 A BUK LI AR H AT A R = A= S5 R P 8
F G SRR T BT SR IR o 3R AR S 2 K (R, B A el 2l 2 A
PERIZ IR ) W8 URIRAFAE 324K — 856 Z IRFESS Ry E-A0L, (B R AT a0 - CHNH - | -
CH,S-+ -CH,-CH,-+ -CH=CH- (JBi=XF)<=). - CHSO-. - CH(OH)CH, - . - COCH, -
5 IR B 20 o A A R 1R T VR A e B e ) — AN ERZ Ik (Spatola, Peptide Backbone
Modifications, Vega Data, 1(3) :267 (1983) ;Spatola ¥ Life Sci. 38:1243-1249(1986) ;
Hudson 2% Int. J. Pept.Res. 14:177-185(1979) ; #1 Weinstein. B., 1983, Chemistry and
Biochemistry, of Amino Acids, Peptides and Proteins,Weinstein %m %& ,Marcel
Dekker, New-York, ) o IHZRBRBLINA AT R IRAFAE 1) 22 IR AT R385 DL, ik L a4 5
2B A AR B AR e Ve G R B 25 B A i (PR R e AR ) LR
TR M LB

[o088]  Ang-(1-7) FKICEFE 7 &F 5 MR 2 TR IR 5 B IR ) — &8 70 i 3L 8 2R
IRATHN, BTS2 26 A R AT AR B T TR IR 75 (D Re . MERATAEI SL il dE (1) 2k
Uiy B ) — 2 R ) N- BEEATAEY), P AR v e e (o, ZMEdE Ot AL ) VD5 Ik
B, ZRHEESE ) BRE L] (8 Q0 Fmoc (Z7 5L -0-C0-)) 5(2) RAEEuNRE S —
Tl B R B BE B BRI ¢+ (3) I 5 Bl 0 i s I 1T 7 A 3 A i Pt i 0y — Ve 0 R
Wil 5 (4) BERRAATAEDD ; (B) SHuiRkeli e A MIICAAZ & AT A A e 2R B T A
A1 (6) 52 K (PEG) R AWATAED.

[0089]  Ang- (1-7) JKWAI@E I AGIRE AR N 51 ARG BT (Cn, & — PR AR A
B R o TR ARG B Fr B B & TS B R IRME iR ) AT A HORIRAT . i,
JR B IRA A= A0 PT 3  [EAAR RH IR BSGR AT Bk [ A4 HH IR BT 1T 5 2 C R g 2 2 R R
F5RE Cn, KB R E SO SRR T R RS ) AR IEOIFIE SN N- o fR97HY
RIS PRAFBIRT LR A Gt O A AT AT 2R3 . AR 1A AR KBS I B
PR Z Tl 2 I 17 FIr R BV I ) 2 2 R ) OR3P B AT 25 B SRS A HH & Bl B 48 A JHAE A9
3% [H & F 5 4, 305, 872 F 4, 316, 891 H1 ) Merrifield, J. Am. Chem. Soc. 85:2149 (1964) ;
Vale Z8 , Science 213:1394-1397(1981), & Lubell Z£“Peptides”Science of Synthesis
21. 11, Chemistry of Amides. Thieme, Stuttgart, 713-809(2005) H 4k [+ AR Bodonsky
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2% Chem. Ind. (London), 38:1597 (1966) ;5 Pietta il Marshall, Chem. Comm. 650 (1970) 1,
TR 5 2 A IR AR R R AU B N ) 0 H 2 AT AE SR H LA 5 4, 244, 946
B (% iR F Houver—Weyl, Methods of Organic Chemistry. F E22a #: .Synthesis of
Peptides and Peptidomimetics, Murray Goodman, F % , Thieme. Stuttgart. New York
2002 1) .

[0090]  ERAEF AN E S, 15 WA SO IR EARTE AR AR ffn 205 BH 54 KU s
AU T2 RN 5138 B B B R SO R 25 o W, MG 5% VG 0 T A 7 07 ik
& BRSPS AR A ) — M 5V IERFRHETOR AT WL -2 2% F & a0, #1140 Ausubel
2 Current Protocols in Molecular Biology, Wiley Interscience, New York, 2001 ;£
Sambrook 2% ,Molecular Cloning:A Laboratory Manual, # 3 Jix, Cold Spring Harbor
Laboratory Press, N.Y., 2001 9,

[0091]  7E ] & Ang— (1-7) K HAFART o A% o, 75 22 OR 37 25 18 W AF AT 20 7 b B UK
I3 R X ] o w AR B 2R B a0 7 sASEEL, i W Protective Groups In Organic
Synthesis by T.W.Greene&P.G. M. Wuts, 1991, John Wiley and Sons, New-York ; #
Peptides:chemistry and Biology by Sewald fl Jakubke, 2002, Wiley—VCH, Wheinheim 8
142 TR IR A7 e B, o s E PRI 00 R mE AL B R4 B 1] (40, =9 A
WAL L RS ) R I R 2 5 R Sl ORI R B (T JE S AR ik AE (BOC) I AL Ak
BRIE ) T IR AL TR CER AR B A (i, 75 5 9 HAAE — Bk (Fmoc) R BRI
(Cbz) « Cbz T4 ) FAESETCRASE ] (0, = REE R 0L ) o AN EE R H B
¥ERIE (T Thr A Ser) . Cbz (Tyr. Thr. Ser. Arg. Lys) . BH: 23 A3 (Asp. His) .
Boc (Arg.His. Cys) %&. PR4P B AT LE 7 B Jo B B AR 5008 2R i 7 VA R Bk

[0092] B4, Ang-(1-7) BEFTHRYE FMOC J7 S AL HLAH o I OR7 5 BT 5 . J 8, ]
K LA 70 % 1 7= 2w R VAR i (HPLC) 7 C18 il i b a4k 3F A 10-60 % 19 2 1
BEEEGE . BRI 23 7 F Rl B SR UE (4738 T Fields, G.B. “Solid-Phase Peptide
Synthesis”Methods in Enzymology. #f 289 % , Academic Press, 1997 H1) .

[0093] AT EARHE, Ang—(1-7) KT 7E = 4H 5 45 A 5 A9 G0 S AL 22 K FA) 22 1% 1 BRI 271 SR A
o NI, Z KA E A M2 kT 2 M TR B

[0094]  HJRATAT Rt 5] AR SN A PSR, BT EAA P 2R AT T R R A AE T R
b ILIE B F B EA R E BRI EER . ik 0 /5 B T IERR ) L- 2 B AT ik o it
A, ARER T IS 24 B S M 1) g = L 2H 90 1) A DR eI 8 A FH 1 B I DR ) 56 — AN IR L
I HL 75 5 85 (1) N- K3 (Powell £, Pharm. Res. 10:1268-1273(1993)) . %t 4 &1
R GE S Z AR SBMRIKRER TR T Ang— (1-7) AEVEMEEA FIHIA S 5 % 3 &
FIEEAT / BUAM IR B RS JiR 40 L S IR K ) 45 M 4P AE

[0095]  FHAHIFIZRALH) D- F AR R G BUIEH oI — M el 2 R Ak iR (40, D- M iR
B L- MR ) vTH T A R K. PR, A B I AR A A sl AU v DA 2 L T
7& D B PAIE A B VR & Y DL IR N R ER C 2R ¥ D— Z AR MR A AE RGN 1 IR AR N 2
5E VE RUA R AS BE 4 FH D- Z SRR MK (Powell %5, Pharm. Res. 10:1268-1273(1993)) .
SIE] =D KA AR T3 L AR B IR CAAE S P 0B ) & 1 D- s BRI ik . PRt
L— Z AR IR C AR i AL A8 i D— Z AR R IR N R 5% o Sl D- JIRTRBE 1 5 L- AL IR IkAH
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) FR) - AL) 52 I DR L LA AR 3 e, (L o A A A P e A A B T 52, - DRI e ] HL A B
JE GG IR A Va7 3R (Brady F1 Dodson, Nature368:692-693 (1994) ;Jameson 25 , Nature
368:744-746(1994)) » ALhHh, S [m] —L AT AE A AR E 77277 A o BEAAR IR C K I B AR
T I IA) ~L IR N AR o B2 8 R AT B35 AR L- AR RR IR Sy L- ik (A, 3
) AREE T L G R RO B% (40 A ) 140 [ BE A ) G O DR Sl o B 5 R R - R BRI 2RAL
[P o BEAh, IR AT & L- A D- SRR A . nT 4 & L 1R < [A] (1) [a] R A0 6 11
g, NP2 A8 5 R L- SRR RS s

[0096] 55— b 4 - FH T TR ) N A s B C AR v e 35k 1) JOAC T i 52 1 7 7 e 7 IR R o
SN 2E L, 2 R 2SR B TRAS P2 KB R A . — P SR Ak ZEAB M 2 78 AT — i B g
X IREEAT HESEA o SEEE Ak 2S00, e il 2 N AR bl A, ©L4 7w T 34 n N\ i3 = Ik A2 e
P (Powell &5, Pharm. Res. 10:1268-1273 (1993)) o /& 3455 1375 A2 5 12 I A4 22 A5 MR Al 3 (H
ABRFEIIE 1 2 20 MR H bR BRI N Kbt (W AW ), F1 / 30 ¢ K
Uity PO R B OB G S [ o 5 A Hb , AR BB FE ZAS M I K, B B B A N A ity £ 1 2 A0
/ B C R Uiy PO e 5 PR JOR 2L Bl

[00971  FEJK )7 51 A I AE R SR AALE I 2 R R B AR SR S R R 34 m T 1 % 2 [ 7K A 1Y)
iy 521 o S S ECAR AT 91 G X 4 T N AR i PR A7 K 8 5 1 7K PR TS 52 4 T AR 52 1) A 4 3
Mo JERIRFELE R IEFR I S A04E o, o — HURE IR N- bt LR . C- « — FIIEE
B2 B - LR B - FRREIER . H T AR E R T OFEEAR T B - THEA
R IEAEIR . IF R IR 4 I TR BRI R R VR R VR IR i 5 P &L I
CHFNEAR . 2- 2R TIR.6- 2RO BT R H AR R HEIR . o- R 2 Z R N- &
Pk 22 G R N- FR BRI SR R 3— IR AN B AR AR IAh, AR RIMAAAE IR
FEIR A SO AE AR A8 o5 FAR: o

[0098]  thAh, 0 F LA P B BIE AR AR [ R S 7 410 A% Ak 17 BIR i) e JOA AT e ot A 4t 24
(K751 (Rizo F Gierasch, Ann. Rev. Biochem. 61:387-418(1992)) . {5t PR 14 ik 7T
TN N B8 T B AT AT 72 AR A DR 1) 2 I U R ke o 7= A o BRI R 4 PR e A AS A Ui
BN Rk C Ko PRI, "EATA 55 52 /MK B /K 520, SR e AT 55 2 ANTE IR i
PRI N BRBE RS . A N KRBk C AR D- & IEMR A K 1 & IR 7 41 530 Bk 1 2 L 1R
J7 A8 S e AT BRI K )P SR ], B 1 AE 73 0 AFAE N R El C AR vy D— 28 R ik ik 5L
BRI FIE LT

(00991  AJK

[0100]  7E—LE5Lf 7 R, RIRAFTERT Ang— (1-7) WIThRESE R AP BLAT A= 40 2 3A
Ko WASCET L, KB A AN A A AR B 5 2 [0 1 70+ 3L ek . NI BE T A 3
B B () ) O S 2 B 2 TR ) B BN B S B TR P B (BRI, 2R TR ) A v e
PN/ B8R iy B8 A 8 2 ) (% B e P P e 2 DU S IR, ) o B A 45 P A B0 6
T e A AR A B . 22 PR 22 K 1R 2R AR AU P B0 1Y), WX SR IR AT I 2 e
ittt X — i, Z WEPRE R A4S W0 01/53331 F1 W0 98/02452, H %%
TSI FHANA . WSEIRBEA I EAB IR AT N T A K B R AR Y & .
[0101]  WIARSCHTIR IR AT L- ZEER . D- TR MRS HAT M A A . FER AT
KB T RIREEE R IR, i %2 20— MM B D —NRIEAFIE TR 51
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a— A B - ZAMRIE T ANIER . HIGET] EF —Fhal 2 M W AR (0 4- B2
PR R IR ) A BB BRI A/ B DLz E IR AT AE A, 1 0 C R Im PR AR ek (1,
LR H LB £l ) BRI NZ AL R BB AT / BN R B 1 = R R (0, LBtk
BbE E AR BRI ) B BN B A S A S A/ SRR — R =R R (W, A
A FREEA BUT B4k ORI AL b R S ) o B IE RIATAE Y B HE A N- LB
AR (IR HT 2 N R B IR A4k S BEHREAG ) A0/ B8R C Rt (BT, 34
AT e MERR R B i Bk Ak ) o B 7 AT 53Rk — R 2B W2 LR 2 A R AR A S H A
IWTHEER. B, B- MR EMEARR. B, B- MR EMEAR. B - SN, B, B-HIK
Bt — B - SRR 2- IR 2- SRR 2- Fi AR D& &R TR, « - HED
TR E R o, B- ZHENR.

[0102] TEEMEAASHAESE N- LBiLFT / 8¢ C- BEAE LR MK 2 J5 , 0 m] LA A3
AFNH 2 PREOR WA — PR SEI . 7E— D SEHt T S0, TR SO P 28 Ak R I 2 ) 7 A
B 0, R AT I AS 22 M7 VR AR AT — P A s B AT AACEL B R A T I A
VLRI IR TE i FE—Fh 2T v H, B e (1) 220 AU A T S FE Rk B 1k K 1 A R 48 BRI
IR 1) 77 A B o P JOR DA v 8 P A5 FH DACKE SR AR N 43 N Rl S L e /MG o T AR, 5 48
55 TA K Fe (CN) o P FH T R BB o A SIS ) 5 i@ 152 AR S R B 7 /N O A
Re%fb Met. Tyr. Trp BC His MORBUBMIEE . 7£ 53 AN STt 77 28 b, M0 AT Jd it P A B % 1ol
SEBL. B, KB AT T R v B AE B 2 R (BRI, MG RT 26 P K i &k i AR ki )« 78 59
— NIRRT R, IR S D- FAE IR . T EARHL, MM T E I A R S iR A
e B335 A0 FH P 25 LA BN A N R LR 6 AT/ B C R um e A& I BE R Sl BB TV A
PN O e B R R S LRI R S Z R (Orn) « o — & JEC R R ZIE K H IR, o, B- —
RAIENIR D AR BRI « FH T T B M B 1R 77 V5 — RO A SIS Pl AN o A — NI
Trik R B RS 5 N BE G R R 5 DCCL DICL ED AC 8, DCCI S M, M 1% AT 5%
BRI ST B OB FE A O B IROR S B, m] B A H, PR AT A B B A ikt Ar,
Hh SO S B AL R 2 DK FE BR 28 B I I ) o T 3 AR, B P ASE P A B B R
SEL . FERR B b B R i AR F ARSI T B AT TR R Y S S . PR N- F
FAE WA 22 i A0 BB ) i O NME AR X B8 7 VPR 7 R T A R . 7 S A
S 7 e, B B B T AR S B BRI I BE RS MR o - EEERR Z HTE . A5 B1R 1,
s 2 B N e ] 5 R SRRl i I AR X U7 7% (DCC. EDAC) R, 2R 5 5 LA 42 K ()75 it
5 3 AT A — A B B s 97 T R Pk o R 17 RS IR R, A A7) 1 2% S R IR 6 T 5 —
TR K = 7 T DMF 1 e v

[0103]  JRfIPEIMAT 7K ER - (1-7) Bk

[0104]  FEFELETTT, AR BHHRME 7 &M M Kok - (1-7) k. @0 ERrihit, RRFFAER)
Ang—(1-7) BIZ5HIENF -

[0105]  Asp'-Arg’~Val’-Tyr'-11e’-His*-Pro’ (SEQ ID NO:1)

[0106] AR BB RE ARSI AT — B B AT P 91387

[0107]  Xaa'-Xaa’—Xaa’-Xaa'-Xaa’-Xaa’-Xaa' (SEQ ID NO:5),

[0108]  ERH.Z4%~ EATHEsz k.

[0109]  Xaa /AT EIEAREL —FRIR . 75 FLLL ST /7 €, Xaa 'S Asp.Glu.Asn.Acpe (1- &

16
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BN RSEREL ) « Alas Me,Gly (N, N- ZHIIEH %L )  Pro. Bet ( #IFSEHH. 1- #%E -N, N, N- =
HJE A 86 ) \GluGly Asp.Sar ( JIZEE ) 3¢ Suc (FEIAMR ) o FEHRELE RS TT 5=
H, Xaa &7 71 LR IEIR, 1 40 Asp B Glu, JEH A2 Asp.

[0110]  Xaa™J& Arg.Lys.Ala.Cit ( /JRE® ).0rn( L& ) . LA Ser. Sar.D-Arg Al
D-Lys. {E-LBszffi 72y, Xaa™ &l 1E AR FERS, #8500 Arg B Lys, {7 /& Arg.

[0111]  Xaa’J& Val. Ala. Leu. Nle ( IE=24 R ) « Tle. Gly. Lys. Pro % Pro ( R
B2 ) WAib (2- E IR TR ) Acpe B Tyr. 75528520 75 =, Xaa®f& R Wi e R L /R 1% 0 Val |
Leu. Ile 8¢ Nle, il /& Val 8¢ Nle,

[0112]  Xaa'J& Tyr.Tyr (PO,) .Thr.Ser.homoSer (£ %M ) vazaTyr (F & - a '- & -L- &
R ) B Ala. TERLES T &b, Xaa REFEBUCHIEILRR, & W0 Tyr. Ser 5% Thr, il %
& Tyro

[0113]  Xaa’J& Ile. Ala. Leu. norLeu. Val 8% Gly. 7EIEE6s2)ti j7 &, Xaa *f& 611 &
LR, @ Val, Leu, [1e 8¢ Nle, 7% &2 Tle.

[0114]  Xaa’je& His.Arg 3 6-NH ,~Phe (6~ RIEFIEH AR ) » 1EF-LL ST i, Xaa® s
SEAEGHER A I A SRR 1 W Arg BY His.

[0115]  Xaa'#& Cys.Pro B{ Ala.

[0116]  7E B 52l 77 Ko, Xaa' —Xaa il — A £ N5 RIRIELE ) Ang— (1-7) A1 B
(2 R R AH Ao 75 2 2 5 77 R, T 1 Xaa'—Xaa B — AN 8 AN 5 RARAETE
[ Ang— (1-7) H A B R IEBR A A, fEH B st 7 &, BT Xaa'-Xaa5 RARFEAEH

Ang—(1-7) HHAH R 28 FE B AH [A] o

[0117] fERLLsui T, Xaa e Nle. 4 Xaa *J& Nle B, Xaa '“Xaa’Hll Xaa "' —EL
ZA ARG S RIRAEAER) Ang— (1-7) TPAHRI L PRAH [F] o 7E L8 RSt 77 2, B
A3k Xaa'-Xaa il Xaa [ — A5 RIRAFAER) Ang— (1-7) FAR PR SE R A A . 7F
Heszitih ZH, i Xaa'-Xaa Ml Xaa "5 KIRFEAERT Ang—(1-7) R AR 0 & 35 BR AR ]

M= R E R 741 :Asp-Arg—Nle—-Tyr—I1e-His—Pro(SEQ ID NO:2) .

[0118]  fERELLSL T b, Frid Ik B A58 7 71 Asp—Arg-Nle-Tyr-Tle-His—Pro (SEQ
ID NO:2) .

[0119]  FERELLSE T b, Frid Ik B AR 7 71 Asp—Arg-Val-Ser—Tle-His—Cys (SEQ
ID NO:6) 8% Asp-Arg—Val-ser—Ile-His—Cys(SEQ ID NO:3).

[0120]  7E—LLsjifi Jy ZErb, WASCAT A 2R Ik A B9k R (1-7) B2 B Asp'-Arg™Val
*~Tyr'-I1le’-His’-Pro™~Phe®-His’(SEQ ID NO:23) FE#IKIIk, Frik FE 41 5 Ang (1-9) HIFE#IAH
Ao 7E—Sesti /7 b, M Bk &R (1-7) k2 Ang (1-9) HIFTAEY) . X T/ fitE Ang (1-9)
Ik, €35 Ang (1-9) T4, Z W3R H LR A4 2012/0172301 1, KA WAL @S 5|
N

[0121] 7 —Sbszjifi 5 &b, et Bk R (1-7) ke BEREMRFH of Ala'-Arg*Va
1°-Tyr'-11e’-His’~Pro’ (SEQ 1D NO:24) k. A4MKEET SEQ 1D NO:24 fIF 5 7] 2 WLEK
MERIHIE 2, 264, 048, FATFHI N B AE LB 5 FH IR

[0122]  FAMEE T A SO A IR AR 2, b iR AR R ORE 1 EEIRIR () — FhEl 22
DigetE . RN 5A R I RfEL R BEAG 2/ 70% .20 15% . 2/ 80% . /b

17
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85% &/ 90% . &/b 95% . /b 98 %6 Bl &/ 99 % 1) ¥ A [A] — 1

[0123]  JREIPEMRINE Bk &R (1-7) Ik

[0124]  FERLLT7IH, AR WM 7 IORIE Bk R -(1-7) (BE# (EWX BT Ang 1
IR E Tyr 'l Pro "I SEERMNGE 2 (M A8 ) 1 Ang— (1-7)) IR . X LY IR 2R 38
BB T T MR LRI ES, (HIE v B B T 2R AP A . W VEA R IR, AR B ALHE T H
a2 PR R ) — MR (FE A BL) BRI BO SR .

[0125] RV DL R mATARYE &R 4- A1 7 A0 BLAL ISR IS R B B AR 1A R B B 5 T
AN BB (W ERTiR ) T AR R S 28 FE BRI AT e AL . BRBE AR —
IR EAE Ala—S-Ala FITE DL T PN E B AR . & IR B vl oy dp B A LR %20
Z— RV -

[0126]

18
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/ZI
s
y
s

R1_ R2 R3_

A,
o,
N
/z:|:
@]

R4 R5_

& 7
4 H)k
o . ;

R4

R6

A 0)

[0127]  fEX#8zdr, R'S RPRPC R ROFI R a7 -Hokedd (4, C —Coledk. C —C hedk )
B b, P RN DT S — AN Z AN R L -OH B - NRR” B FEIEHUER (HA R
IR BOLN - HBL C-Cloedk ) o fERRLES T S, R VR ROV R RO R °% 7oA —H
B¢ —CHy, A A #CN - H 2.

[0128]  7EFELLSf 77 R, AR ISR AL TARFE SR (1) ML S BRI K Ang SR BATAE
Y. JEH,R R R R Morik E -H A -CH,. HAER (D S BB IR AT @51 40 2
BRI RE (lantibiotic enzyme) BUHIS “EALAIHIBRST A2 72— SEFIH,
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PR E a4 ) D- R RN B 7 Y L PR IR eE AL B 4 1 D- 2
I BRANNI B 7 L- FEREE AL (S0, U, Galande, Trent A Spatola (2003) Biopolymers
71, 534-551) ,

[0129]  FEH B SLHE T b, AR AR BT a0 (TD) 5l (TID) HHRTiA#r . 4E =
(1T) BOAL4 kA (0 JOk B 0 3@ e 2t D- 2B R B AE 7 B 4 A L- 2B R e B 7
TE R B Mm% th i 2% SRAeAh, ARFE 20 (TTT) A& 5 A e B4 JOR mT 3 ik 497 fn 28 ey
D- MR IRAEALE 4 M L- =R RO B 7 T B AL B 5% L )% o

[0130]1 Wi LAt ie, AR B Ang R AT A K EMZ RRAKE Z 5. £
KA Ang AL AT A W) AN ade B G AR )3k B TT B KRR I A ) S VE I A
F (EWEAF 10 MR ME KRR (D) WiiE 2 N TR K Y)E) A4 3E
F B o Ang AU EAT AW I K/ o] AR AL, (HIE HOR L) 5 & 10 DNEERE, R B EE T
8 3-7 /N Nle— Wilif - RS 7 AZ 0 7 TR A B AR B 24 8l AT A W0 1)
QAR Fr 7 mT A4k, d8 R R 2 B AR s e BT B B KR A SR AT A
) A6 0 3 T ASE FH A A3 O R0 ) D7 VR 8, i 7 VR R 3 T P B A 4 A T AT AR AN A
F 3% Ak 0 5E AR N 9286, 2 WL, B 0, Godeny A Sayeski, (2006) Am. J. Physiol. Cell.
Physiol. 291:C1297-1307 ;Sarr %% , Cardiovasc. Res. (2006)71:794-802 ; # Koziarz
2% (1933) Gen. Pharmacol. 24:705-713,

[0131]1  HAUKMKEAL T Ang R AT AN BFECLT -

[0132] 44l 4, 7- LA [Cyc' T Ang— (1-7) , HIF H KR Ang- (1-7) (Asp'-Arg*-Va
1°Cyc'-11e>~His*~Cyc’, SEQ ID NO:7) .

[0133] v 44 [ 4, T- R AL KL IN1e’, Cyc TAng- (1-10) , H I8 [ KR & K5k &
I (Ang-(1-10)) (Asp'-Arg*Nle’—Cyc'-11e’-His"-Cyc'-Phe®-His’-L eu'’, SEQ ID NO:8) ;
[0134] iy % (1 4, 7- R 4L U4 [N1e®, Cyc' JAng-(1-8), FL I8 B K4 i & & 7k &
IT (Ang—(1-8)) (Asp'-Arg*Nle’—Cyc'-11e’-His"~Cyc'~Phe®, SEQ ID NO:9) ;

[0135] iy 4 M1 4, 7- R 4L L4 [N1e®, Cyc' JAng—(2-8), FL I8 B K4 i & & 7k &
I11 (Ang-(2-8)) (Arg*Nle’-Cyc'-Ile’~His’-Cyc'~Phe®, SEQ ID NO:10) ;

[0136] iy % 1 4, 7- A 4L L4 [N1e®, Cyc' JAng—(3-8), FL I8 B K4 i & & 7k &
IV (Ang—(3-8)) (N1e’-Cyc'-11e’~His’-Cyc'~Phe®, SEQ ID NO:11) ;

[0137] A4l 4, 7- LA [N1e’, Cyc' T Ang— (1-7) , HIF H KSR Ang— (1-7) (Asp'-Ar
g ~Nle’-Cyc'-11e’-His’-Cyc’, SEQ ID NO:12) ;40

[0138]  fv44 M 4, T- ML [N1€’, Cye' 1Ang- (1-9) , HiJs 5 KSR Ang- (1-9) (Asp'-Ar
g Nle’-Cyc'-11e’-His*-Cyc'-Phe®™His’, SEQ ID NO:13).

[0139] XL ar BA R (1) - (111) FismREAT i —FE R Cye 384, 1 an 3
Cyc'Ail Cye "M (D) For, B H P R'-R'EH A -HEL - CH,, #H AN -He.

[0140] 5 RARIMAE KK KRR FHIM L, Cyc' 8 B 4 A1 7 AR LR Y
B LMEE R SN LR BIBREE A . BR T Ang RUMIBIKEZ A8, Br TALE 3.4 f1 7 &bz
SRR IEIR T 5 RINAFAE A [ BRAN A, — i R ZER DA IR B A= Dhse . TR PE AT
REZAU, 4 [Cyc' TAng— (1-10) , A=W Ih e f& 5 — P E B Fh AU DK L2 N A9
W B (40 Ang— (1-8) B Ang—(1-7)) MYIMLAE Bk ER AL AL BRI 2y Je it , 50 H v BRI A=

20
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T, AEFELCS T T, AR Ang R EAT YA BA A Dhag(Hfl ] —Fhak 2
FhRIRAFAE B I Bk = S HITER

[0141]  FERELESLE T 2, AR Ang R (TV) 2w -

[0142]  Xaa'-Xaa’~Xaa’-Cyc'-Xaa’—Xaa®-Cyc’ (IV, SEQ ID NO:14)

[0143]  Xaa JEATATRIEER, (HHH M L R IE R, v U0 Glu B8 Asp, S H A Asp.
[0144]  Xaa®J& 77 1F HL AU ZIEER, 1 W0 Arg BE Lys, % N Arg.

[0145]  Xaa’J& R ER IERR, W U Leu. T1e B Val, % ¥ Val.

[0146]  Cyc'#E[H Cyc TR T MiliEdf. Cyc "W N D- SEARSERIAA / 8% L- SR ST 44, il
W oR D= SRR, Cye' (IER] Cye”) MIsEflEx T30 (D). (1) F1 (111) . @%, 5
(D). (ID) A1 (IT1) R BN -HEL - CHy, 8508 - Ho

[0147]  Xaa A PEMIRE LR, 1 T0 Leu. 11e B¢ Val, B N Ile.

[0148] Xaa’s& His.

[0149]  Cyc'¥E[F Cyc "EER (1), (I11) 8¢ (I111) S E#F. Cyc "A]N D- SrikR
PR / B L- SEAR SRR, S8 N L AR Rk Cye! GER Cye®) Hsefl Bon 20 (1) .
(I1)« (I11) A1 (IVIII) o d@%, 3 (D). (1D),) A (111) K& (IV) R RERN -H B -
CH,, 718 - Ho

[0150]  7F L 46zt 5 &, Xaa'-Xaa® (HEEE Cyc'Fl Cye ) HI—ANEE N5 RIRIFER
Ang—(1-7) WA IR FEBR A [F] . 7E F-L8 s 77 &, Xaa'-Xaa BT A HAE— A Ek
PIAN 5 RARAFLE ) Ang— (1-7) AR B (I E L BRAR A o 78S S 7 &0, AT Xaa'-Xaa' 5
FARAFAER Ang— (1-7) HAH B R FE TR A [ o

[0151]  FEREEESiE 7 =, Cyc'Fl Cye ALk H Abu(2- &L TR ) Al Ala( HEFR ),
Hrh Ma ffETED A EL. R, FRE T B A # T -Ala'-S-Ala’ I
Fimksa (X (D), Hh R-R'& H N -H) ;-Ala*-S-Abu'- (= (I) :R'-R>} -H H. R A —CH,)
ot —Abu'-S-Ala™~ (X (I) R\ RAM RN -HHR*N -CH,) . HIRELY I HE 2 52 6
F5 —Abu'-S—Ala’- B —Ala'-S-Ala' 4.

[0152]  FERELUSLE T 2, AR IR AL T AEAL B 4 1A E 7 2 (Al 2 A B kAT Y Ang— (1-7)
Ky, HEA R IR T Asp-Arg-Val-Abu-Ile-His-Ala(SEQ ID NO:15) BREF:MRT 71
Asp-Arg-Val-Ala-Ile-His—Ala(SEQ ID NO:16), H LA F&5 ) RFER -

[0153]
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IZ

HoN NH
Y o
HN
NH
=
o) NH piH
o (0] N§/
HO H ° "
N s (e}
H
(¢}

o} NH,

HoN NH
\K 5
HN
NH
/
o NH Nk
O (0] N§/

HO § ° "

N N = O

H H

0 NH, 0

OH 5
[0154]  FERLUS T S, AR WA Ang RAIEATAED B (TV) FoR -

[0155]  Xaa'-Xaa’-Nle’-Cyc'-Xaa’-Xaa"-Cyc'-Xaa’Xaa’-Xaa'’ (IV, SEQ 1D NO:17)

[0156] W _FFritie, Xaa's Xaa®. Xaa®. Xaa’fll Xaa ""ff— B2 ANE FELL ST 5 =2 AR A7
6. B, (1) Xaa "RIELE, (2) Xaa "Ml Xaa "AIELE, (3) Xaa ®Xaa M Xaa ""ANIEAE, (4)Xaa '
AIEAE, (5) Xaa' Al Xaa ""ANIELE, (6)Xaa '\ Xaa Ml Xaa ""AIELE, (7)Xaa ' Xaa®, Xaa il Xaa "
ATEAE, (8) Xaa' Ml Xaa *AIELE, (9) Xaa ' Xaa fil Xaa ""ANIELE, (10) Xaa ' Xaa® . Xaa il Xaa "
AAFLE, B (11) Xaa'\Xaa®\ Xaa"\ Xaa Ml Xaa "NAFLE. KT LSt 77 2 1A —AS, 0 F 1

AR AA TIRME.

[0157]  Xaa'*4477E R RATAT R ILER, (EH & &7 f &L IR, ¥ 0 Glu B Asp, T IEH

N Asps

[0158]  Xaa’ 447 7ERT &7 IE HL IR SEER, % W0 Arg BX Lys, JB% & Arg.

[0159]  Nle’ & IEma R

[0160]  Cyc“i&E[H] Cyc T MMM . Cyc "R D- SEARFMART / BE L- STAR S M fA, 3l
N D= SRR Cye! (FEF] Cye”) BIsEflR T30 (D (D) A (11D A, J@%, 3 (D).
(I1) A1 (I11) " R ZEHZ - H B - CHy, R 2 - He

[0161]  Xaa’f& gl R IR, % U0 Leus Nles Tle 5% Val, JEH N Tle.

[0162]  Xaa'/& His.

[0163]  Cyc'i#[A] Cyc 'fEZN (1) (ID) B¢ (I11) MK T HREHF. Cyc "FIA D- SLAR A

PR/ B L= SEAR SRR, EH N L- LR SRR Cye GER Cyce”) HIsepilR+20 (1) (11)
A (1) He J8%, X (D) (ID) F (TID) i R EHA - HEL - CHy, Fealh - He

[0164]  Xaa" 447 {ERABR T Pro Z AN IR, JBH & Phe B Tle. 1EHELLSTE T 0,

Ile 4 T Ang (1-8) KM, FEFELESLHETT %, Phe fRFF T Ang (1-8) B Ang (1-10) ]
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HEDIEE

[0165]  Xaa”47E(ERT Ny His.,

[0166]  Xaa'"*4777ER N MIHEFRIE, Bl 11e. Val BX Leu, B N Leu.

[0167]  FERESLSL)iti 7 &, Xaa'Xaa (I — P EE A (HEFR T Nle *, Cyc'fil Cyc /) HRAR
FAEW] Ang ' (145 Ang— (1-7) « Ang(1-8) « Ang (1-9) . Ang (1-10) « Ang (2-7) . Ang(2-8) .
Ang (2-9) \ Ang (2-10) « Ang (3-8) . Ang (3-9) Fl Ang (3-10) #HN R FLBRAH[A] . 7F b 2%
it 7, Xaa'-Xaa "HIFT A M AE—ANBLH A (K TAEERTRLE ) 5 RIRIFAEN Ang A
IR FERRAR . EF T ST R R, A 1 Xaa'Xaa' (4 TAEERITRLE ) 5 RIRAFAEH
Ang HAH R SE R AR A .

[0168]  7E LSl 77 &, Cyc' Ml Cyc arik EH Abu(2- EIE TR ) Al Ala( HER ),

Heh Ala ffE T ED—ALE . Rk, B TES H -Ala'-S-Ala’— JE S A BBk 3R
iy (X (D, b R-R'&EH N -H) sl -Ala '-S-Abu'~ A BR R IR (R
(I) :R™-R*y-H H R} -CH,) 8L -Abu'-S-Ala"~ R BRE I ERR B (R (D RS
RARA -HHER®HN - CHy) o R MIRRIIE S -Abu'-S-Ala’ Bk -Ala'-S-Ala'- .
(01691  HFJIML, AT ML T EA B 4 AL E 7 2 B BB RBFE An g— (1-7) 8K
ey, B R IR T 5 Asp-Arg-Nle—Abu-Tle-His—Ala(SEQ ID NO:18) BR&ILIR /T4
Asp—Arg—Nle-Ala-Ile-His-Ala(SE Q ID NO:19).

[0170]  FE5 — 51, A K HEM T BAH Ang-(1-8) FEPUIEERIEL B 4 AL E 7 2 18]
BA B Ang— (1-8) SRAUMIEAT AW, KRl & B A R IR T 51 Asp-Arg-Nle—-Abu-Ile
-His-Ala-I1e(SEQ ID NO:20) . % 3% & /¥ 41| Asp-Arg-Nle-Ala-Ile-His-Ala-Ile(SEQ ID
NO:21) BRE LR T %1 Asp-Arg-Nle-Abu-Ile-His-Ala-Ile (SEQ ID NO:22) ] Ang(1-8) 2%
A E AT A -

[0171] K@ e AN Bk B Rt E S IRE . @, B BCC IR R A 1 24 20 4
k51, AR 1 22910 4o BLAEA S HE T I I S 0 45 FR R 208 IR 3E S P kL I T 26,
TR BT I R O REAI R, C1-C4 EAEE ST AR RO Rk 7 B
.

[0172] D5 bedk e pl 5 BB btk . D7 (053 ) ST ERER IR 5 IR ] (1 o 2R
ZRILANEEIE ) RN 05 5 (A Qe me I | VB Iy JEE | IR 6 | b e 26 | v o 36 | b g 356 | b s L it
W JEE | ML P 5k | IR AR G IR BL AT DU ML ) o 5 e Bk T B 45 L A O IR IR Bl O i 5 —
Foh il 22 P HAth 55 FE A & AR & 2 IR 5 T R G0 o SEAFIELHE 25 T Ry JiE A P R g 326 g P
i WEEMBR L | R DA VEE I | IR IR IR | IR T IO AR | P IBR A | e P R e A S g W

[0173] MRk ER (1-7) Bk CEFEATAE ) ) 7] DL &M & A7 7E T & P SE it 7
e ldn, g Bk Ew (1-7) R AE ) & Bl A 2 10-1000mg (4, 2] 20mg - 1, 000mg .
30mg - 1, 000mg.40mg - 1, 000mg.50mg - 1, 000mg.60mg - 1, 000mg. 70mg - 1, 000mg.
80mg - 1, 000mg.90mg - 1, 000mg. #J 10-900mg.10-800mg. 10-700mg- 10-600mg- 10-500mg-
100-1000mg. 100-900mg. 100-800mg+ 100-700mg+ 100-600mg- 100-500mg+ 100-400mg
100-300mg~200-1000mg.200-900mg.200-800mg+200-700mg+200-600mg+200-500mg
200-400mg.300-1000mg.300-900mg. 300-800mg, 300-700mg.300-600mg.300-500mg .
400mg - 1, 000mg~500mg - 1, 000mg. 100mg—900mg- 200mg - 800mg- 300mg - 700mg400mg -
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700mg A 500mg - 600mg) » £ — L& 77 S, M4 Kok & (1-7) JRAFE M ENECR T2
10mg. 50mg- 100mg- 150mg 200mg 250mg . 300mg . 350mg 400mg 450mg . 500mg . 550mg  600mg .
650mg. 700mg. 750mg800mg. fE—LLsSLfti 7 b, & Bk & (1-7) IAAEMENEN T
%7 1000mg- 950mg . 900mg . 850mg . 800mg. 750mg- 700mg 650mg 600mg . 550mg . 500mg  450mg .
400mg- 350mg . 300mg - 250mg 200mg - 150mg B, 100mg.

[0174]  FE—S8S2i )7 i, IR IME Bk R (1-7) K@ 3E Ang (1-9) RELELE SEQ 1D
NO:24 BIFLIK

[0175]  S3AMETHEE T A SCHEIA AR AR Y, o pirad AR B OR 5 1 bR AR ) — sl 22
DNREPE T IR B (1) 7 40 o] 5 AR SCHEIR () 78 9 P S IR AT AT 7 S B 220 0% &2 /b
5% 2/080% 2/ 85% . &/ 90% . &2/ 95% . /D 98 % i & /b 99 % ¥ A [l — 1 .
[0176] @ pH Sf‘ I

[0177]1 258 73 AT AR B 19 B& pH A ELHEAT AT 245 5= b nT 8252 i B pH 7718 F% pH 7 28
&, Bl a) X B iE LR, b) R IERAE TR ARG IERER S ENASE T,
A/ B ) B LLE LARRAR RS i pH A 1% T8 5L & I ) 2 1 2 B A1 pH 42 1
T o A AN T T E B pH 7 5l H T A R B 2/ B o 2 . 54, % pH 5
B P pH S 2H G0 FH T AR B, R 2R E B N2 10 27 0. IM B R S AN VR Hotg
TP pH PR AR R 5. 5.4, 7 8¢ 3. 50 75285l 7 R rh, WIS 0 — & & BF pH 751577
PAREAR T 10 =7+ 0. IM BRERE AN W 1 pH 2 AT 3. 4.3, 2.3. 0 8¢ 2. 8.

[0178]  FE—LESCJ )7 S, & 3G I % pH 78245 7 B 4% 22 2> —Fh pKa ANEE T 4. 2 (o, A
I 4.0.3.8.3.6.3.4.3.2.3. 0 8¢ 2. 8) W% pH 5fl. & FH A & B B 7 45 M B pH 77 0 45
HARTRER, % W LB KR LR PUR MR IR & IR ] AT SR % R H
MR HZ MR (glycocolic)  LEERR mATHRIR 5 IR  FLIR VI T M5 — 1R Bt L 1R L ¥
FEBEHAMR « AR « A R IR « DR IR VB A1 R N4 IR s &4 s &AL er s 2R (B AT )
IR T 5, B4 S L SR T R R IR R AT I R A U T S PR B LUK
R R R IE  H 2R HE R PRI PR R AR R e 2 R o
R R AR A R IE R &R D& R AR TN &R &R LR - 22 &R ATl IR L %
AR O Z R IR R R AN A R OB ML 2L s Lo R &h, LRGN 1, 6 W RRSh A &0 1, 6
TR AR, AR R S T S B AT D idE 2 BB pH e FEEAR I SEE T S AT R IR B A
PR AT FHAE R pH 71

(01791 ARATHREE B pH 71 BB pH 7 20 & Fr /5 B & n A2 Ak . 35, 538 1 5 mT s FH AR 450
CLRIRA SR IR 1 25 Al 2 (i, F LR 10 =7+ 0. IM BRER AN iy Hh # B pH
FEARIA ) o AES AR PR 1 S5, AR 9 A i B A ) 3510 A i FH A0 % pH 71106 3 1) & ] O ERCK
T % 100mg. 200mg- 250mg- 300mg . 350mg - 400mg . 425mg - 450mg . 475mg 500mg . 525mg 550mg -
575mg.600mg.625mg.650mg.675, mg.700mg. 725mg~ 750mg. 775mg.800mg . 825mg . 850mg
875mg~900mg 925mg~950mg 975mg BY 1, 000mg fJ & . 7F H & Skt /7 2k, BT FH A IR 1 &
AT 1, 000mg .

[0180]  FE—HLSjiyy Zvh, P AR pH 77 (40, AT R IR B A IR ) K& & METIE A
15 Y ) B A b o AR AR BRI PR ST, B pH 7 A3 1 & ] D ElOR T [ A 71 28 A
EHIZ10% (1, 8k T 15%.20%.25%30% +35% .40 % .45 % .50 % .55 % 60 % 65 % «
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70%.75%.80%.85%.90% 5% 95% ) M.

(01811 @ 5

[0182]  FE&FhSLtET7 28, AR B B 55 EA — el 22 AR e 128 771 o anASSC i, Wi
& 28 7] 2 H5 38 0 FL e 4H 70 AR AR IO v B 7KV B T PR A B A R AR AN/ B i v
B Can, A EKER (1-7) BK) SRR kR . 78— L8t 77 =, Ui E SR BE AR N
WA/ B U 5

[0183]  FE—Lsjti /7 S b, W AE LA RSO BE 77 HVR S 40 e rp — LU 3 ok (K I R 1
— SEFR AL B (IR e — SRR R . FEZS B IR BT R AT AR B A AN P B B R e
A AFEEANPR T —Fh S A = DU A S Ph Rk R U st i o 1575
[0184] IV 1 771 A2 EL AT 184 VA 7R AR WAL o 770 4 Jo P A P R A i 3 7] X S o 7 — 1
SE it 7 58 A, 2 3 T i P A AR IR AR R R, B ATT AT A L ) o A R 3 VR A A
B TR B IR A R R FEH B S T S, MR TR i g Rk R (1-7)
JR B A= MR BE R, RS PRI T IE B (a) B S -2 1 1 741, 15 o JE B s AR (il
g ), (b) BHES TR (Wt EEm. BEIRSE ) , (o) FERFRmiEMH, A1 (d) HEFE
TR P AN AT B L R TR AR TR S, M L] Ao i S I TR R R (AN R T I 2 N 55
Bl SAL 7S BEnTE e 5

[0185]  fE—SLSIjifi 7 S8 Fh, IR ] v 1 FIE IR R BH 25 2% T % 1 70K — 7 P VR WROSLA HE 771
P 5 PRI (1 Gn H) R R IR ) Bl IR AN IE R A — 8 S 77 5 vh RT DN R il AR W S i sk
7l

(01861 48 Fh MR YSCAR 53k 71 FH T 25 Fh St 75 28 e, DA 7 911 1) 3R 3 70 150 BH AR B 1)
— eSO M. AEASZ IR DL T, — LA G R SR 3B « (a) KR L, v ansk
MR 3— A K IR ER .5 HAFIK IR EEA S B IR EL 5 (b) NHER, 145 40 2 it JIH i |
A LR A ERR IR . H & IHEE (glycholic) <A HER RS L AUHES | AE 2 EUIHE . e
JHIR A HER R PUHRSE ;5 (o) RS TR IVEPER, W R A 4 J@mE (41 Brij 36T Brij
52.Brij 56.Brij 76.Brij 96.Texaphor A6.Texaphor Al4.Texaphor A60 %) .p—t— 33
Ty B4R O 5EE (Triton X-45.Triton X-100.Triton X-114.Triton X-305%%) FIEWy4EIE
R I (40 Igepal CO R¥1) RA LK MKILZLFEREES (40 Tween-20. Tween—80 55 ) ;
(d) BHE ¥ 3R IHE TE T, v i B R AR —SE e 5 (o) WA IR RS, 1 G5 ifi O B3l JIg A0 ¥ af
Tl T Tk LT 5 () 5k PRI T JOEL At P g 36k S SR R, v ) e T O PR 5l ) 2 5 Tk PR
BEO A ARG PRI B ) A PO ML PR) 7 5 PR Lk A AR I ML 7 e ot 2 PR o N- T
ARNEIR N- B3 H &R sg) KRS PERE NG, v W1 — 53 M o2 1 I0E REL ARk . — = JE 198 i Ik A sk
& 5 (h) REEH B, HOAH W — R H I AR =B RR A, S A R R R
(FIREFRAHERR ) (1) LI /R 5 (§) BHES 2R MG 17, i i &L+ e Skt
BE 5 (k) BRI TERATAEY), 1% W LabrasolLabrafac 28 ;81 (1) fedEfd, &0 3 H:
JE 7 DERET L ) REIE I SR M | IR S e IR L A T R A

[0187]  fE—U5jt 7 S rh, — FhE 2 MR S e i 77K LA DA% B ST AN T 29L&
ME (EFEAEFEREEA) WA D N EREAE. 25 55N ERR I See] 1k Ui, PR
TEAE ISR HE ) S A TE AT A 0.1 %2 20 E % ;0.5 £ 20 EHE % ;1.0 £ 20 EE%.
2.0 FE 20 EE%.3.0E 20 EE% 4.0 % 20 EE%.5.0 £ 20 HE%.5.0 £ 15 HE %.
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5.0 8 4 EHEE% L. 0L I3EE% L. 0EI2EFHE%L.0E 12EE%L5.058 11 HEY%.
5,02 10 HEE% 6.0 E 10 EE%. 7.0 &£ 10 EE%.8.0 % 10 HE%.9.0 & 10 HE%.
502 9.0 HEE% 5.0 E 8. 0FEHE% LS. 0L 7T.0EHE%MS5.0£6.0 HE%.

[0188]  FE—MLSLji /7 ZErh, — Mpalk 2 M % pH 7715 — Fh el 2 P W (e 2E 77 1 B 22 mT
) 3:1.4:1.5:1.6:1.7:1.8:1.9:1,10:1.11:1.12:1.13:1.14:1.15:1.16:1.17:1.18: 1.
19:1.20: 1 BEHTIR 7~ 14 U 28 AR I 2 [R) . 45 58 294 & Wb i i A B pHL 771 ) e 3
R A MR AT AR 33 7] PR B A B S FE BT IR s I PE b v 50, 2R 245 W0 40 & ) B i P b
B pH 770 = bR SO AR 328 771], DU T 3R B 2 44 42 B A A B pH 771) 1) 40 & B 2 R0 B A = AR i
eI S EE .

[0189]  fE—UUSLJi /7 S, — AP El S B SAE 2 A AE R 1 pH (1 07T pH 5.5) T I
HAFRIFE pH 3.0 5 pH 5. 0 Z [AIA] %5 .

[0190]1 R EEEANY

(01911 WAL A, R EEN Y R TR AR ORI P2 0 A/ BREE A, i ik 2V BAR
BUORPIEEAR (0, A ek E (1-7) k) %2 B EaiHEB Y. @5, Ry g
VI AR, AT AT ARE 58 77 B b B P AN B o PRI . W R OR3P P N 4 22 P
B o FE— LS TT 2, A id B I EAR T TG A R B 25 406 078 0. IN HCL R4y i
/PN, RS RS RIS AV A SV G H o fE i ) pH 3G N 22 6. 3 2 JefE =+
RN TE R A IR S UL B 100 Fied

[0192] VFZWHIEEREANIR AT, F HAAE— DN EZ AT R . g taRm
HEFR ) M LB AL FE AR — IR LR e R RN R LA 4R T B RN
YRR IR R R A e 2 AR NG IR - R NG IREE L R Y. f£—
SO 7 ZE T M M Rk E (1-7) IR RIS 2k 771 (s 3G9 R / Bl b el 22 A Wig 184
SRR S — PR ER 2 Fh b pH 7R ) AL AR R B RG I ORGP IROBE TP A 1S AR S 7T S A 7 I IR
GOPGIBIEREERUN=

[0193]  FERGA KR W I R AN B 2H 70 e AR IR e vh 2 e, PTG i 1 i v A0 AR A7) a2 FH
IR EHESEt T 0, K CAR IR B AE A 71 B SIS B 78 LE T 1 4H. 40 (R RURL I 471
FM, SR Ja e H R 9 R e e 3 e IR g

[0194]  7E—LBSTjf 7 S, NI BeAy B AR B I BT 28 29 vl R R BCBE N W) R BTG, FE R
Al BE[F N A i T i S e rh o A — B85t 7 S8, SR M B AR L 1E /N i OB TGS 1
21 3 A AT A TR ) W WS i 71 B s 7 45 T R R TS n 5 441 i B A 5% B 3 i 14 R A
W5 EAT e 5| EA A B RITER o« SR, NMIZBR, AR RS 7245 W UL AE /N i
B BT UL TS IR LGRS P el A 2 A1 22 P sl AR o AR A0 R0 1
[0195]  FE—LSujiyy Zh, WReAY B (el e R AL A R B I 26 73 Ay [R) IR R TS ) £
R/ BRI A £ Ses0iti 7 h, s e R 7 A 30% K254 &Y &
iR EE (EEAFIE ) (7 FRY 7 N T I OR A S AN HEY) ) . fEHE
SEHit T SR I AR I TN 20% N 19% T 18% ANF 1T% NTF 16% /T
15%NF 14% T 13% T 12% T 11% BT 10% . B8t )5 &, {90 v
A W R B A R = N BN T 29 A (o, ARSI ) B2 25% .24 % .
23%.22%.21 %20 %.19% .18 %17 %16 %15% .14 % .13 %12 %11 %.10 %.9 % .
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8% .7%.6%.5%,
[01961  FIAY

[0197]  GnASCAT A, 7RI AL e G T 29 4 0 ARG 2 53 WIIR G4 . - FhR| BY n] AR 8 AR
RBAAE A, A FEAE AR T30 A7) 28 [ AR 75 2R R 2 [ A7) 28 o i LA B A 48 A7) 7 IR 3
PN BB o AE— LSt 7 e, A0 FH 8 G0 AU S P 751 e 2 7)) A 7510 7R

[0198]  JEH, 45 ) 75 EL R AL ER AL 1 [RIBHRE JBCI A R ak 2K — (1-7) K B pH R AR Wi g st
Ao IR FEM I TFEL I, RN 2 BR T -5 R UK AH T 1A B TR R ST, T IS IR e 00 PRI AN i 2 1)
KR (A /K R My o @R i A B — L) R BB BRI AR R B I TR A T B R 5
SR [F I RE TR

(01991 &P St 7 58 Al ATk M B H5 B A 55 DL O 0 RST A S0 DL 1) 25 MR 571, v Lo
FEFT B (glycant) VT BRI 57 97 JE 771 A €770 56 o 7 491k 3 IR ot P T T 1) 0 9
pro- . polyplastum FIEAR & HEREN. E—LLsLhi 7 =, B & 5 Mk (EWHaEA.
B KEEOHEIEEYEAS) IR R R (), i %kw (1-7)
K5 Wk I 7 B ) 45 6 ) 5 AT B AR B B TS 1 SR A 0 TR VR BT o SN NS, 55 A I 5
TR T S 2AEY) (HEBRRIEENY) ) WEE 1.0 2 10. 0 EHE % . @5, XM R
RFFA BA A BEE N, FF H e N &I WK GRS o Ay BB B BT R 4, %56 Ik
MW AE N BAEE 5 F T AR 1 A LR P A R PR 7R 5 4 0 B 1 I R R SR B D A= M A
FEE. 28 —BRicA B F i iy ek & 918 .

[0200]  7E—U8sfiti 7 b, —FhEk 22 Rk pH 7). M8 S5k &R (1-7) B — Pk 22 o e
B R E RIS (AR R & B — A YIEE Z ML G ) M%) Hh 5T
A A, 7R e Sl 7 R, B AT ARG R, BT IR RORL AL T 3851 B BT RS A R
MAERKE (1-7) KB pH AR R IR 25005 & 77 . 78 H B s 7 b, Bivknid n]
H A HLER 35— J2 3 58 57 J2 R0 K2 Bl 8 1) R 14 A% O 4L 1S BT IR B2 5 LR 1) 91 )2 i
S8, JORLET M A B W A 250G A TR G0 TR 2 A MG S e i B8 T 3R PR L £ 4 2K [ & pH
T P MATARE: 48 7510 R0 JUAC 5 2 791 4 e ) K 1k TR ) %

[0201] 4O FT I, & Ff St 77 0T B A A R & 1R DL A [F] o AN 25 18 Bk s
it 77 S8 W 7 B St 7 56 R A LR B BT A R 0 TR e EE AT VR ON A Y [ A,
%3 500-1500( 1, #J 500-1200mg.500-1000mg.600-1500mg.600-1200mg600-1000mg-
700-1500mg. 700-1200mg 700-1000mg . 800-1500mg . 800-1200mg . 800-1000mg) » 7E — L& 51
Tt 77, A3 R TR TR AR ) e B A BlOK T4 500mg , 600mg - 700mg » 800mg + 900mg + 1000mg
1100mg. 1200mg+ 1300mg. 1400mg 5L 1500mg. 7E — L85 i J7 22 v, &3 A [ 44 771 284 i) s B
B /N T 4 2000mg. 1900mg . 1800mg . 1700mg- 1600mg 1500mg 1400mg 1300mg 1200mg-
1100mg+ 1000mg900mg . 800mg 700mg 600mg &Y, 500mg.

St

[0202]  sijidsl 1. 0Bk E (1-7) JRHIZE Mgk

[0203]  iZSiffyl i B 1 A K5k 2 (1-7) w8 AR 408 7 B 1 s 49 P sl R0 A 10
% R, £ IR A Rk E (1-7) IR AT s AR ARSI 2 - 48
PSR (ID) it FH 25 BRI K BR AT LAV B o 2B BUASEADL 17 A28 138 36 11 g v B0 AR 1 [ 4 71 28
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(T AR B 71 ) S EE PR TEORIIR AL

[0204]1 %G, MEME Sprague-Dawley KR H FIFE L 254X 3) ) 2= th 2imad 2~ (SC) e T
WEER Eh 2247 Eh7K (PBS) W AOIM A Kok & (1-7) SR3KME. MAFE (0. 6ml) MAE A 2 sh ik 1 &
EAEESHIK Z BRI 2 )5 5.10.20.30.60 F11 90 4> Eh3R15, 3 F SR FR 1 F AL Eh /K B4R
[0205]  FRHUJE, R HE i 1% 2 5 F AR HRE S Vv JE R ORERE L IR
FREVK EE 2B EANHE 4C T EOLIRGEK . REHK MK EIFHAE -70°C M AR E 2T
F LC-MS 5 4347

[0206] 3R 145 [ R4 & IR [A] f AN ERS = (non—compartmental) PK AH T3R5 )7~ 1 14
BILL A7) KT =R KRBEH 0.3mL /Y 10mg/mL A(1-7) & FiEH7. A-7)
23 AR A e, Forh e & B R8N 1% THEREAN I TR] AP 3K
B, I HASTHX S P I E A PKfH . 7EREH 520 10 2 90 43408 3| Tmax. XX —iayr 4k
Ui, PIREWINZ) 15 73 WSR2 135 A(1-7) 2§ 614ng*min/mL, JEE N 585 &
656ng*min/mL.

[02071 £ 1.
[0208]
0.3 mL: A(I-7)K Fiz4t
1% % 3 % (1-7) (ng/mL)
-3 PK
B 1] & (min) K& 1| KR2 K3 & E2RE S
0] 0.121 10.2 1.41 4.50
51 0.120 7.47 4.37 3.99
10| 18.6 0.94 1.09 6.88
20 | 6.25 15.7 5.71 9.22
40 | 15.30 6.38 4.47 8,72
60| 1.03 2:65 7.46 3.71
9 | 1.14 6.59 17.4 8.38
Cmax (ng/mL) 18.6 15.7 17.4 17.2 9.2
Tmax (ng/mL) 10 20 90 40.0 20
F % H (min) 15 15.58 15.1
AUCy.90
(ng*min/mL) 583 598.1 656.1 612.4 614

[0209] 4R Jim 72 R0 e 308 e o v 08 6 TR 2 M ) K B A B o DA LA XK R (1-7) ik
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(4n, TXA127) W& Mdix . @105 2, A TR 2 82 R OC BRI -+ =48 g, 7 B8 5ok
F (1-7) K@ 27 A AR ki iE 2+ =48 W . 1@ 1D e AT PBS I Kok &= (1-7)
KRG I . G M REAE K S 1 5.10.20.40.60 F1 90 4> MIREN K 258 Ba G, K il
Fokzw (1-7) kT 400mM Fr&8 R $hgg il (pH 3. 5) FH FEEE AL -L- B (LLC) (10mg/
ml) (— PRI 5 R 2 N S 7)) T ID - N 1B K RAE IR TXAL27 iR e P
KA, APE AR R] (40, 0. 5mg/ml 8K 5mg/ml) A INZEHIF . 7E -5 LA 7T [F (1 a] 4
BUILRE, RN _ERTIR A DU 8. nBIvEgs REag T3 2-5 .

[0210] % 2 w45 7 T PBS FfcHI ) 0. 3mL f) 10mg/mL M &5k & (1-7) (A(1-7)) kb3
st 6 ROR BB EIPES R . 3 AER AL E A (1-7) 2R 15 . tHEAAN ]
RO TS50 B AL THIX eI 1 PKAE . FFX E{f 5 M PK ZE B T ST R 17 2
PK {EAHEE A . 7R 2 J5 20 10 &2 60 3Bk 3. X T iZiayr ok, = HraE N 7
£ 140 73 o WS R ) B3 A (1-7) F g9 403ng#min/mL, Fyu [ Jy 123 % 881ng*min/
mL.

[02111 £ 2.
[0212]
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0.3mlA,ID [F PBS ¥# 10 mg/ml &% % KF(1-7)]
A & % 7K % (1-7) (ng/mL)
£
PK
B Emin) | KA1 | KRA2 | KR | KR2 | KR | KR2| 15 | ¥4
0| 023 0.0 1.54 1.00 1.84 5.81 1.74
5] 0.84 12.3 0.94 0.88 0.891 9.24 4.18
10| 3.44 6.38 1.08 0.99 1.12 4.08 2.85
20| 0.62 13.3 1.91 1.79 1.80 2.05 3.58
40| 0.27 154 1.22 4.14 1.30 3.89 4.37
60| 1.55 6.27 3.97 8.75 3.07 10.4 5.67
90 | 2.61 7.19 0.78 7.54 1.23 10.4 4.96
Cmax 3.44 15 4 9 3 10.4 7.5 5.7
(ng/mL)
Tmax 10 40 60 60 60 46.0 60
(ng/mL)
x % B 51 13 140 23 7 1389 155
(min)
AUC9 123 881 181 456 166 616 403 404
(ng*min/m
[0213]
L)
[0214] £ 3 M THTEHE 10mg/ml LLC.400mM F7ERE £h. 150mM NaCl pH 3.5 (115

HE 0. 3mL () 10mg/mL A (1-7) ARERA R A IR BIME A (1-7) WAL, AF RS =R
M A(L-7) WZRBN 1% BEAh, THEAREAN T TR 5 P 4039 Ak 111 S8 ~F- 34 1) PK AE
WX LI AR 5 T B4 PK S 3B TH 5T R 1P 35 PKAEAH LR . FETFH 2 5
215 2 10 438hiE 2] Tmax. KT IZACFRZH R UL, - TG R 9. 3 22 173. 3 404 . MEEH
[ s A (1-7) BTN 4, 274ng*min/mL, HIGFE Ny 422 % 19, 502ng*min/mL.

[0215]
[0216]

£3:
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0.3 ml B, ID [10 mg/m] {2 % 7% % (1-7). 10mg/ml LLC. 400mM
FPAE#R 3, pH3.5, 150 mM NaCl|
£ % % %K% (1-7) (ng/mL)
B R KRR ! F-3
(min) JH* KR 4 3 KR 4| KR 3| KR4 | PKAE | M4
0 1.46 0.171 | 3.02 | 1.31 1.81 1.29 1.51
416.5
51 >1000 259 3.48 | 89.7 60.7 | 56.38 4
203.8
10 | >1000 Al 193 | 152 59.6 | 17.92 4
20| 599 7.35 | 6.02 | 184 51.2 6.02 24.82
40 | 4.88 5.6 2.32 | 5.05 11.7 1.11 5.11
60 | 4.74 1.7 3.99 | 6.36 10.9 3.48 5.20
90| 393 399 | 1.11 | 443 4.74 3.39 3.60
Cmax
(ng/mL) | >1000 | 259.0 | 19.3 | 89.7 60.7 56.4 | 419.2 | 416.5
Tmax
(ng/mL) 84 5.0 10.0 5.0 5.0 5.0 5.8 5
[0217]
F XM
(min) 9.3 1733 | 23.8 | 252 21.6 | 25.0 | 464 13
AUCy.90
(ng*min 1,777. 1,168. | 2,100. 4,273,
/mL) 19,502.2 8 422.8 2 6 669.9 8 4274

[0218] s 1Z KRR A R LG 7R E B 0 H A

[02191 F 4 245 THT&A 0. 5mg/ml R+EEF]. 10mg/mL LLC\400mM F7 45 B2 5+ 150mM
NaCl (pH 3.5) Hf) 0. 3mL fJ 10mg/mL A (1-7) Jiti FH A6 R K BRI = 1t 254X 112 45

i FH AR BRI & A(1-7) HIZEABN 2. AN TA] 25 A0 P K 9 R A I - 2
B PKAE o 153X S8 P 1599K BEAE 5 M ITE B4 PK S 8000 S48 511 SR 1 °F- 25 PK (B AH HL %
S FHAE >1, 000ng/mL 52 AUC DAFRALt B FRJEHI I H . thAh, THE ARSI H] 2 -5k
& Z AN TR P I(E N PKAE . TR 2 /540 5 & 10 7380k B Tmax. XF-FiZab 4k
Ui, PEMIRTERY 11,9 22 29. 1 408P . S LI A(1-7) 2§28 7, 152ng*min/
mL, FYE RN 1,969 £ 9, 257Tng*min/mL.
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[0220] 4.
[0221]
0.3ml C, ID [10 mg/m]l &% %% (1-7), F#E4] 0.5 mg/ml,
10mg/ml LLC, 400 mM #74£#& 3 pH 3.5, 150 mM NaCl]
A8 K K& (1-7) (ng/mL)
%
#
B ] PK
(min) | KRS | K& 6%* | KRS | K&A6 | KRS | kK6 | | 45 | 44
0] 124 1.13 154 | 051 | 1.29 | 0.98 1.1
468.0 735.0 | 325.0
51 879.00 | >1000 0 57.20 0 0 628.31
313.0 248.0 | 145.6
10 | 407.00 | 349.00 0 83.00 0 7 233.21
[0222]
141.0
20 | 88.70 | 496.00 0 64.10 | 16.30 | 70.14 129.13
40| 4.24 19.60 | 17.30 | 7.68 | 8.42 | 22.85 13.87
60 | 12.30 10.10 496 | 6.16 | 12.30 | 37.30 14.45
90 | 5.61 5.83 7.84 | 493 | 1580 | 7.36 7.74
Cmax
(ng/mL 60
) 879.0 | >1000 | 468.0 | 83.0 | 735.0 | 83.0 93 | 6283
Tmax
(ng/mL
) 5.0 5.0 50 | 100 | 50 | 100 7.1 5
F % 19.
(min) 11.9 29.1 139 | 183 | 179 | 183 4 14
AUCO-
90
(ng*mi 7,1
n/mL) | 9,257 | 20442 | 7,394 | 2,252 | 6,495 | 2,252 52 | 7,587

[0223] sk 1K R B R ELFE 7R S(E B 0 B
[0224] K5 ML THEL T 0.3mL T4 0. 5mg/mL RFEEF]. 10mg/ml. LLC.400mM ¥ 15 R
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i

B B

#5.150mM NaCl (pH 3.5) FIHIFIH ) 10mg/mL A (1-7) HI7S KR ARG R EIE A (1-7)
Ko BRI A AERR EALALI E A (1-7) M2 1% S350 Hdielile 7 &R8h 12
o FEZ M, R >1, 000ng/mL FE M & AUC, LASR Lt B BRI NS &, iTHEEA
I 1) A )~ 9 B A T X e P I (E ) PK . TEMEF 2 /520 5 & 10 43 Blik ) Tmax. Xt
TiZ AL PR SR, R WIRIVE Ly 7. 97 & 25. 6 434, WELIIE (K M3 A(1-T) BERA

9, 399ng*min/mL, FHYEHE A 1, 008 £ 26, 654ng*min/mL.

[0225] 5.
[0226]
0.3mlC, ID [10 mg/m]l &% %% %(1-7), FE4# 5mg/ml
, 10mg/ml LLC, 400 mM #7488 3 pH 3.5, 150 mM NaCl|
1o 8 K K& (1-7) (ng/mL)
3
PK
i Y K& | K& | KK | K& &
(min) K& 7| 8 7 8 7 KA 8 EORER
0] 099 | 040 | 331 | 7.63 | 1.55 | 0.63 14D
504.0 | 746.0 | 268.8
5| >1000 | 33.50 | 0 0 9 432.86 619.21
410.0 | 404.0 | 3912
10 | >1000 | 12.30 | 0O 0 5 5.34 423.82
178.0
20| 466.00 | 8.12 | 7040 | 0 | 63.50 | 41.25 137.88
40 | 27.20 | 20.20 | 18.40 | 39.90 | 22.70 | 16.10 24.08
60 | 16.60 | 22.10 | 17.60 | 13.50 | 19.90 | 25.70 19.23
90 | 1020 | 0.00 | 11.60 | 5.58 | 2.75 | 4.83 5.83
Cmax 391.2
(ng/mL) | <1000 | 33.5 | 504 | 7460 | 5 432.85 | 639.6 | 619.2
Tmax
(ng/mL) | 5.0 5.0 50 | 5.0 10 5.0 5.8 5
F X B
(min) 10.55 | 7.97 |15.45|11.94 | 12.86 | 25.62 | 14.1 13
AUCy.90
(ng*min 10,66 9,343
/mL) 26,654 | 1,008 | 7,641 | 8 | 6,228 | 3,862 5 9,399
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[0227]  gbAh, B 1 150 T 5 it FH s 42 RN i 350 1) AUC B I B AR

[0228] 4% 1-5 M 1 Wh 7R, 51 PBS Wil i IMVE Rk 2 (1-7) HUREZARFIEAH B, 1R
PEA R W E 50 rhasas (5 K BUBE AR08 113636 ) ML ok & (1-7) ZEWEEI N A
AEELCERN PG RE . REg LR ME EKER (1-7) RIEA R IAZ 3%k
TEAEIR AR SRRV TT A B AW FE

[0229]  ZE[FIJE AT

[0230]  ARAUHELAR N G R E B RE 05 5 e (A8 FH RS 56  0 AR SR (1) A B ) A
E ST R 2 E RV AR TR AR R AER T DL ERRR, 102 a0 LR BOR) EE
KRETRH
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Abstract

The present invention provides various formulations for oral delivery of
angiotensin peptides.
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