
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2014/0357561 A1 

US 20140357561A1 

Chen et al. (43) Pub. Date: Dec. 4, 2014 

(54) NATRIURETIC POLYPEPTIDE DELIVERY (60) Provisional application No. 61/740,652, filed on Dec. 
SYSTEMS 21, 2012. 

(71) Applicants: Mayo Foundation for Medical Publication Classification 
Education and Research, Rochester, 
MN (US); Nanyang Technological (51) Int. Cl. 
University, Singapore (SG) A647/34 (2006.01) 

A638/22 (2006.01) 
(72) Inventors: Horng H. Chen, Rochester, MN (US); (52) U.S. Cl. 

John C. Burnett, JR., Rochester, MN CPC ............. A61K 47/34 (2013.01); A61 K38/2242 
(US); Lim Soo Ghim, Singapore (SG); (2013.01) 
Subramanian K. Venkatraman, USPC ......................................................... 514/12.4 
Singapore (SG) 

(57) ABSTRACT 
(21) Appl. No.: 14/339,943 This document provides natriuretic polypeptide delivery sys 

1-1. tems. For example, methods and materials related to natri 
(22) Filed: Jul. 24, 2014 uretic polypeptide delivery systems, methods and materials 

Related U.S. Application Data related to the use of such delivery systems to deliver natri 
uretic polypeptides to a mammal over a pro-longed period of 

(63) Continuation of application No. 13/788,309, filed on time (e.g., weeks to months), and methods and materials 
Mar. 7, 2013, now Pat. No. 8,835,601. related to treating heart failure conditions are provided. 



Patent Application Publication Dec. 4, 2014 Sheet 1 of 14 US 2014/0357561 A1 

60 

SO 

40 

30 

10 

O 5 10 15 20 25 30 
Timepoint f days 

FIG. 1A 

100 

g 90 
as 80 
8 70 
Y 60 
O) 

50 
? 
"t 40 
92 

30 

20 
li. 

1O 

O 
O S O S 2O 25 30 

Timepoint days 

FIG. 1B 

  



Patent Application Publication Dec. 4, 2014 Sheet 2 of 14 US 2014/0357561 A1 

O 

s 
C 

CO 

g 

o 
g 

r 

c o 
- 5 wit 

3. 3. 
S SE 

? CN N 
CN n N 

(5 CN w 

CD s 

o 
C so o vs. c w 
r wr *M *m 

6-Luu elissed poog Uee.N 5Huuif enSS8id pool ueeW 

c 
N O 

N 

o 
s. 

:) C 
al 

8: 
a 

s: E 
s 

25 S. 
. 

i 3 
v E Q 
< CN F 
CN CC S 

- ) CN N 

CD (5 wa 

e 

to as c 
N O r c c o s 

sex van wan w 

6Hu Lu einssel pOO; uee fHuti einssel poo;8 ueeN 

  



Patent Application Publication Dec. 4, 2014 Sheet 3 of 14 US 2014/0357561 A1 

4 0, O O 

30,000 

10,000 28.25 
pg/ml 

s 2 O O OO 

1 week 2 weeks 3 weeks vehicle 

FIG 3A 

sa 350 

S 3OO 

250 
2 
3 s 200 
S. S. 150 
(D 

. 

t 

1 week 2 weeks 3 weeks O Vehicle 

FIG. 3B 

  

  

    

  

  



Patent Application Publication Dec. 4, 2014 Sheet 4 of 14 US 2014/0357561 A1 

800 k 

600 

FG. 4A 
4. O O 

200 

O % SS 

Ave oc oc coes one ces ease ec ec ea W eas Wea 
es Res ave N5 ave X5 ave ANN ee ee 2 N9 N 

  



Patent Application Publication Dec. 4, 2014 Sheet 5 of 14 US 2014/0357561 A1 

8 O 

6 O 

4. O 

CWO cio SW 2 We We we we we Re"-se". s es ave 
FIG. 5A 

G 8O 
O 

5 
5 60 

9. 
'35 

40 

es. 
O 

20 
O 

FIG. 5B : 
O 

3. 
es 

e 

  



Patent Application Publication Dec. 4, 2014 Sheet 6 of 14 US 2014/0357561 A1 

VO.2A 

1 OO / 

5 O f IV O 4. 

O 1O 20 3O 40 
Timepoint 1 days 

FIG. 6 

  



Patent Application Publication Dec. 4, 2014 Sheet 7 of 14 US 2014/0357561 A1 

20% PLGA 

1OO 

60 

O 1O 2O 30 40 
Timepoint 1 days 

FIG. 7 

  



Patent Application Publication Dec. 4, 2014 Sheet 8 of 14 US 2014/0357561 A1 

100 
9. ...< 0% Triacetin 
(VS 
CD 
f issaar 

2 s 10% Triacetin 
5 
O 
c) 
2 
t 
CS 
S 
3 N 20% Triacetin 
S. 

O 1O 2O 3O 40 
Timepoint 1 days 

FIG. 8 

  



Patent Application Publication Dec. 4, 2014 Sheet 9 of 14 US 2014/0357561 A1 

100 
O.15% CU-NP 

/ 
60 

40 

N O.30% CU-NP 

O 1O 2O 30 40 
Timepoint / days 

FIG. 9 

  



Patent Application Publication Dec. 4, 2014 Sheet 10 of 14 US 2014/0357561 A1 

O. 30%, 50/50 VO,2A 

V 30% 50/50 IVO-2A CD-NP 

A 20% 50/50 IVO2A | 20% 
Triacet 

0 20% 505O WO.2A 20% 
TriaCet CD-NP 

O 5 10 15 20 25 30 35 40 45 50 
Timepoint 1 days 

FIG 10 

  





Patent Application Publication Dec. 4, 2014 Sheet 12 of 14 US 2014/0357561 A1 

6,000 

5,000 

4,000 

3,000 

2,000 

1,000 

O 
Vehicle Treatment 
Group Group 

FIG. 12A 

200 

150 

100 

50 

Vehicle Treatment 
Group Group 

FIG. 12B 

  



Vehicle 

FIG. 13A 

FIG. 13B 

  



Patent Application Publication Dec. 4, 2014 Sheet 14 of 14 US 2014/0357561 A1 

Lo C 
w r 

Lo C Lo 
CN CN Cd 

6ulueS pe SnISOJOld 
%f eelWOJeju A 

i 
o Co. Cd o o o co o 
N- Co Ltd v Cyd CN r - 

  

  



US 2014/0357561 A1 

NATRURETC POLYPEPTIDE DELVERY 
SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 13/788,309, filed Mar. 7, 2013, which claims the 
benefit of U.S. Provisional Application Ser. No. 61/740,652, 
filed Dec. 21, 2012. The disclosure of the prior applications 
are considered part of (and are incorporated by reference in) 
the disclosure of this application. 

STATEMENT AS TO FEDERALLY SPONSORED 
RESEARCH 

0002 This invention was made with government support 
under grant numbers HL83231 and HL76611 awarded by the 
National Institutes of Health. The government has certain 
rights in the invention. 

BACKGROUND 

0003 1. Technical Field 
0004. This document relates to natriuretic polypeptide 
delivery systems. For example, this document provides meth 
ods and materials related to natriuretic polypeptide delivery 
systems and methods and materials related to the use of Such 
delivery systems to deliver natriuretic polypeptides to a mam 
mal over a pro-longed period of time (e.g., weeks to months) 
to treat conditions such as cardiovascular disease, heart fail 
ure, coronary artery disease, myocardial infarction, hyperten 
Sion, diabetes, and renal failure. 
0005 2. Background Information 
0006. There are various methods that can be adopted for 
the treatment of heart failure (HF) conditions. One of the 
ways is to administer exogenous natriuretic polypeptides 
(NPs) into HF patients. Several synthetic versions of natu 
rally-occurring NPs have been developed and tested. 
0007 Presently, these polypeptides are administered 
intravenously while HF patients are hospitalized. However, 
despite the improvements in HF symptoms as a result of the 
treatment during hospitalization, there is still a high occur 
rence of re-admission and mortality rate associated with dis 
charged patients. Currently, the only way to administer NPs 
chronically, in a non-clinical setting, is subcutaneous (SQ) 
bolus administration due to the short half-life of NPs. 

SUMMARY 

0008. This document provides natriuretic polypeptide 
delivery systems. For example, this document provides meth 
ods and materials related to natriuretic polypeptide delivery 
systems, methods and materials related to the use of Such 
delivery systems to deliver natriuretic polypeptides to a mam 
mal over a pro-longed period of time (e.g., weeks to months), 
and methods and materials related to treating heart conditions 
Such as cardiovascular disease, heart failure, coronary artery 
disease, myocardial infarction, hypertension, diabetes, and 
renal failure. 
0009. As described herein, polymer gel compositions con 
taining NPs can be designed to include one or more NPs at a 
concentration and in an environment that (a) protects the NPs 
from degradation over a period of time (e.g., a period of time 
longer than 2, 3, 4, 5, or more weeks) when within a mammal 
and (b) releases therapeutic levels of the NPs from the com 
position into the mammals circulation over a period of time 
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(e.g., a period of time greater than 2, 3, 4, 5, or more weeks). 
For example, a composition (e.g., a gel composition) pro 
vided herein can be formed using one or more polymer mate 
rials such as poly(lactic-co-glycolic acid) (PGLA), poly(L- 
lactic acid) (PLLA), poly(D-lactic acid) (PDLA), poly(D.L- 
lactic acid) (PDLLA), poly(glycolide), or poly(ethylene 
glycol) (PEG), one or more solvents such as N-methyl-2- 
pyrrolidinone (NMP), triacetin, or dimethyl sulfoxide 
(DMSO), and one or more NPs such as ANP, BNP. CNP. 
CD-NP, URO, DNP mANP, ABC-NP, ABC-NP1, or CU-NP 
such that the NPs are protected from degradation over a 
period of time (e.g., a period of time longer than 2, 3, 4, 5, or 
more weeks) when within a mammal and are released at 
therapeutic levels from the composition into the mammals 
circulation over a period of time (e.g., a period of time greater 
than 2, 3, 4, 5, or more weeks). Such compositions can be used 
to treat heart failure conditions as well as other conditions 
Such as cardiovascular disease, coronary artery disease, myo 
cardial infarction, hypertension, diabetes, and renal failure 
outside of hospital settings without continuous administra 
tion or frequent administrations (e.g., daily, every other day, 
or weekly administrations). 
0010. In general, one aspect of this document features a 
polymer gel composition comprising, or consisting essen 
tially of a natriuretic polypeptide, poly(lactic-co-glycolic 
acid), and a solvent. The natriuretic polypeptide can be CD 
NP. The natriuretic polypeptide can comprise the amino acid 
sequence set forth in one of SEQID NOs: 1-10. The solvent 
can be N-methyl-2-pyrrolidinone or triacetin. The composi 
tion can comprise N-methyl-2-pyrrolidinone and triacetin. 
The intrinsic viscosity of the poly(lactic-co-glycolic acid) can 
be between 0.015 and 3 dI/g. The composition can comprise 
from about 0.1 percent and 0.5 percent of the natriuretic 
polypeptide. The composition can comprise from about 15 
percent and 45 percent of the poly(lactic-co-glycolic acid). 
The composition can comprise from about 15 percent and 25 
percent of the poly(lactic-co-glycolic acid). The composition 
can comprise from about 1 percent and 10 percent of triacetin. 
The composition can lack triacetin. The composition can 
comprise acid capped poly(lactic-co-glycolic acid). 
0011 Unless otherwise defined, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention pertains. Although methods and materials similar 
or equivalent to those described herein can be used to practice 
the invention, suitable methods and materials are described 
below. All publications, patent applications, patents, and 
other references mentioned herein are incorporated by refer 
ence in their entirety. In case of conflict, the present specifi 
cation, including definitions, will control. In addition, the 
materials, methods, and examples are illustrative only and not 
intended to be limiting. 
0012. The details of one or more embodiments of the 
invention are set forth in the accompanying drawings and the 
description below. Other features, objects, and advantages of 
the invention will be apparent from the description and draw 
ings, and from the claims. 

DESCRIPTION OF DRAWINGS 

0013 FIG. 1A is a graph plotting the in vitro release of 
CD-NP as the percent of cumulative drug release over 31 days 
from a gel formulation. FIG. 1B is graph plotting the in vitro 
release of CD-NP as the estimated daily amount of drug 
release over 31 days from a gel formulation. 
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0014 FIGS. 2A1, 2A2. 2B1, and 2B2 are graphs plotting 
the blood pressure fluctuation over 18 days for CD-NP treat 
ment groups and vehicle groups. FIG. 2A1 is a graph plotting 
the blood pressure trend for the CD-NP treatment group. FIG. 
2A2 is a graph plotting a magnified view of 3 days for the 
treatment group. FIG. 2B1 is a graph plotting the blood pres 
sure trend for the vehicle group. FIG. 2B2 is a graph plotting 
a magnified view of 3 days for the vehicle group. All time 
points are significantly different except for day 0 and day 12 
when comparing blood pressure values between treatment 
and vehicle groups at the same time point. 
0015 FIG. 3A is a bar graph plotting plasma CD-NP con 
centrations for the vehicle group and at week 1, week 2, and 
week 3 for the treatment group. FIG.3B is a bargraph plotting 
plasma coMP concentrations for the vehicle group and for 
the treatment group at week 1, week 2, and week 3. * repre 
sents P-0.05 between the treatment group and vehicle group. 
0016 FIGS. 4A and 4B are graphs plotting the 24-hour 
urinary CD-NP output for the treatment group (A) and vehicle 
group (B). * represents P-0.05 between the treatment group 
and vehicle group. 
0017 FIGS. 5A and 5B are graphs plotting the 24-hour 
urinary c0MP output for the treatment group (A) and vehicle 
group (B). * represents P-0.05 between the treatment group 
and vehicle group. 
0018 FIG. 6 is a graph plotting the effect of polymer type 
on the percent of cumulative CU-NP release in vitro. 
0019 FIG. 7 is a graph plotting the effect of polymer 
concentration on the percent of cumulative CU-NP release in 
vitro. 

0020 FIG. 8 is a graph plotting the effect of solvent (tri 
acetin) concentration on the percent of cumulative CU-NP 
release in vitro. 

0021 FIG. 9 is a graph plotting the effect of CU-NP con 
centration on the percent of cumulative CU-NP release in 
vitro. 
0022 FIG. 10 is a graph plotting comparing the release 
rates of CD-NP as the percent of cumulative drug release in 
vitro. 

0023 FIG. 11. Blood pressure measurement at pre-deter 
mined time points. PK0.05, Treatment vs. Vehicle of similar 
time point. 
0024 FIG. 12A is a graph plotting plasma CD-NP con 
centration at 3-weeks, and FIG. 12B is a graph plotting 
plasma coMP concentration at 3-weeks. *P<0.05, Treatment 
vs. Vehicle. 
0025 FIG. 13A is a graph plotting 24 hours urinary CD 
NP output, and FIG. 13B is a graph plotting 24 hours urinary 
cGMP output. *P<0.05 vs. Baseline; iP<0.05 vs. Vehicle. 
0026 FIGS. 14A-C are graphs plotting ejection fraction 
(A), heart/body weight ratio (B), and LV cardiac fibrosis (C) 
for Treatment and Vehicle groups. *P-0.05, Treatment vs 
Vehicle. 

DETAILED DESCRIPTION 

0027. This document provides natriuretic polypeptide 
delivery systems. For example, this document provides meth 
ods and materials related to natriuretic polypeptide delivery 
systems, methods and materials related to the use of Such 
delivery systems to deliver natriuretic polypeptides to a mam 
mal over a pro-longed period of time (e.g., weeks to months), 
and methods and materials related to treating conditions such 
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as cardiovascular disease, heart failure, coronary artery dis 
ease, myocardial infarction, hypertension, diabetes, and renal 
failure. 
0028. A polymer gel composition provided herein can 
contain a natriuretic polypeptide and can be designed to cre 
ate an environment that releases therapeutic levels of the 
natriuretic polypeptide into a mammals circulation over a 
period of time (e.g., a period of time greater than 2, 3, 4, 5, or 
more weeks) when injected into the mammal. For example, a 
composition (e.g., a gel composition) provided herein can be 
formed using one or more polymer materials, one or more 
Solvents, and one or more natriuretic polypeptides. Examples 
of polymer materials that can be used to make a polymer gel 
composition provided herein include, without limitation, 
poly(lactide-co-glycolide) (PGLA), poly(L-lactic acid) 
(PLLA), poly(D-lactic acid) (PDLA), poly(D.L-lactic acid) 
(PDLLA), poly(glycolide), and poly(ethylene glycol) (PEG). 
In Some cases, a polymer material used to make a polymergel 
composition provided herein can have an intrinsic viscosity 
that is from about 0.015 dL/g to about 3 dL/g (e.g., from about 
0.015 dL/g to about 2.5 dL/g, from about 0.015 dL/g to about 
2 dL/g, from about 0.015 dL/g to about 1 dL/g, from about 
0.015 dL/g to about 0.5 dL/g, from about 0.015 dL/g to about 
0.75 dL/g, from about 0.015 dL/g to about 0.5 dL/g, from 
about 0.05 dL/g to about 3 dL/g, from about 0.1 dL/g to about 
3 dL/g, from about 0.2dL/g to about 3 dL/g, from about 0.3 
dL/g to about 3 dL/g, from about 0.1 dL/g to about 1 dI/g, or 
from about 0.1 dL/g to about 0.8 dL/g). Examples of solvents 
that can be used to make a polymer gel composition provided 
herein include, without limitation, NMP, triacetin, and 
DMSO. Examples of natriuretic polypeptides that can be used 
to make a polymer gel composition provided herein include, 
without limitation, ANP BNP. CNP, CD-NP URO, DNP, 
mANP, ABC-NP, ABC-NP1, or CU-NP. The amino acid 
sequence of Such natriuretic polypeptides can be as set forth 
in Table 1. 

TABLE 1. 

Natriuretic polypeptides. 

SEQ 
Natriuretic ID 
polypeptide Sequence NO: 

ANP SLRRSSCFGGRMDRIGAOSGLGCNSFRY 1. 

BNP SPKMVOGSGCFGRKMDRISSSSGLGCKVLRRH 2 

CNP GLSKGCFGLKLDRIGSMSGIGC 3 

URO TAPRSLRRSSCFGGRMDRIGAOSGLGCNSFRY 4. 

DNP EWKYDPCFGHKIDRINHWSNLGCPSLRDPRPN 5 
APSTSA 

CU-NP TAPRSLRRSSCFGLKLDRIGSMSGLGCNSFRY 6 

CD-NP GLSKGCFGLKLDRIGSMSGIGCPSLRDPRPNA 7 
PSTSA 

mANP SLRRSSCFGGRMDRIGAOSGLGCNSFRYRRIT 8 
AREDKQGWA 

ABC-NP RMDRIGLSKGCFGLKLDRIREASGLGCKWLRRH 9 

ABC-NP1 RMDRIGLSKGCFGLKLDRIGSMSGIGCKWLRRH 10 

0029. A polymer gel composition provided herein can 
contain any appropriate amount of natriuretic polypeptide, 
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polymer material, and solvent. For example, a polymer gel 
composition provided herein can contain from about 0.0001 
percent to about 99 percent (e.g., from about 0.1 percent to 
about 30 percent, from about 0.1 percent to about 20 percent, 
from about 0.1 percent to about 10 percent, from about 0.1 
percent to about 5 percent, from about 0.25 percent to about 
40 percent, from about 0.5 percent to about 40 percent, from 
about 0.75 percent to about 40 percent, from about 1 percent 
to about 40 percent, from about 0.25 percent to about 10 
percent, or from about 0.25 percent to about 5 percent) of 
natriuretic polypeptide (e.g., CD-NP). In some cases, a poly 
mergel composition provided herein can contain from about 
0.0001 percent to about 99 percent (e.g., from about 5 percent 
to about 40 percent, from about 5 percent to about 35 percent, 
from about 5 percent to about 30 percent, from about 5 per 
cent to about 20 percent, from about 10 percent to about 40 
percent, from about 15 percent to about 40 percent, from 
about 20 percent to about 40 percent, from about 15 percent to 
about 35 percent, from about 15 percent to about 30 percent, 
or from about 15 percent to about 25 percent) polymer mate 
rial. In some cases, a polymer gel composition provided 
herein can contain from about 0.0001 percent to about 99 
percent (e.g., from about 20 percent to about 95 percent, from 
about 20 percent to about 90 percent, from about 20 percent to 
about 85 percent, from about 20 percent to about 80 percent, 
from about 20 percent to about 75 percent, from about 25 
percent to about 95 percent, from about 35 percent to about 95 
percent, from about 40 percent to about 95 percent, from 
about 70 percent to about 90 percent, or from about 75 percent 
to about 85 percent) solvent. 
0030. In some cases, a polymer gel composition provided 
herein can be used to treat conditions such as cardiovascular 
disease, heart failure, coronary artery disease, myocardial 
infarction, hypertension, diabetes, and renal failure. In some 
cases, a polymer gel composition provided herein can be used 
to increase natriuretic activity in a subject in need thereof. 
Examples of natriuretic activities that can be increased using 
a polymer gel composition provided herein include, without 
limitation, increases in plasma coMP levels, urinary c0MP 
excretion, net renal coMP generation, urine flow, urinary 
Sodium excretion, urinary potassium excretion, hematocrit, 
plasma BNP immunoreactivity, renal blood flow, and/or 
plasma ANP immunoreactivity. In some cases, a polymer gel 
composition provided herein can be used to decrease renal 
vascular resistance, proximal and distal fractional reabsorp 
tion of sodium, mean arterial pressure, pulmonary capillary 
wedge pressure, right atrial pressure, pulmonary arterial pres 
Sure, plasma renin activity, plasma angiotensin II levels, 
plasma aldosterone levels, renal perfusion pressure, and/or 
systemic vascular resistance. In some cases, a polymer gel 
composition provided herein can be used to treat, inhibit, 
and/or prevent cardiac remodeling and ischemia-reperfusion 
injury, particularly after acute myocardial infarction (AMI) 
and/or acute heart failure (AHF). For example, a polymer gel 
composition provided herein can be used to increase plasma 
cGMP, which may be desirable for applications in attenuating 
myocardial ischemia-reperfusion injury (Padilla et al., Car 
diovasc. Res., 51:592-600 (2001)). 
0031. A polymer gel composition provided herein can be 
administered by a number of methods, depending upon 
whether local or systemic treatment is desired. Administra 
tion can be, for example, by injection. In some cases, polymer 
gel composition provided herein can be injected into the 
Subcutaneous tissue, or intradermal or intramuscular tissue of 
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a mammal (e.g., a human). A polymer gel composition pro 
vided herein for injection can include, without limitation, 
sterile aqueous solutions (e.g., sterile physiological saline), 
buffers, diluents, additives (e.g., penetration enhancers, car 
rier compounds, and other pharmaceutically acceptable car 
riers), thickeners, colorings, flavoring agents, emulsifiers, 
lubricants, preservatives, stabilizers, salts for influencing 
osmotic pressure, wetting agents, dispersing aids, anti-prurit 
ics, astringents, local anesthetics, anti-inflammatory agents, 
and/or binders. When added, however, such materials should 
not unduly interfere with the biological activities of the other 
components within the polymer gel composition (e.g., the 
natriuretic polypeptides). 
0032. A polymer gel composition provided herein can be 
presented conveniently in unit dosage form. Such techniques 
can include the step of bringing into association an active 
ingredient (e.g., a natriuretic polypeptide) with the desired 
polymer material. A polymer gel composition provided 
herein can be sterilized if desired, provided that the method of 
sterilization does not interfere with the effectiveness of the 
polymer gel composition. 
0033. This document also provides methods for using a 
polymer gel composition provided herein to treat, for 
example, treat heart failure conditions. For example, a poly 
mergel composition provided herein can be administered to 
a mammal (e.g., a human or a non-human mammal) in order 
to increase plasma matriuretic polypeptide levels and plasma 
cGMP levels. In some embodiments, for example, a polymer 
gel composition provided herein can be administered to a 
mammal diagnosed as having cardiovascular disease, heart 
failure, coronary artery disease, myocardial infarction, hyper 
tension, diabetes, or renal failure. A polymer gel composition 
provided herein can be administered at any suitable dose, 
depending on various factors including, without limitation, 
the agent chosen, the severity of the disease, and whether 
prevention or treatment is to be achieved. Administration can 
be local or systemic. 
0034. In some embodiments, a polymer gel composition 
provided herein can be administered at a dose of at least about 
0.01 ng matriuretic polypeptide/kg to about 100 mg natriuretic 
polypeptide/kg of body mass (e.g., about 10 ng matriuretic 
polypeptide/kg to about 50 mg natriuretic polypeptide/kg, 
about 20 ng matriuretic polypeptide/kg to about 10 mg natri 
uretic polypeptide/kg, about 0.1 ng matriuretic polypeptide? 
kg to about 20 ng matriuretic polypeptide/kg, about 3 ng 
natriuretic polypeptide/kg to about 10ng natriuretic polypep 
tide/kg, or about 50 ng natriuretic polypeptide/kg to about 
100 g/kg) of body mass, although other dosages also may 
provide beneficial results. In some cases, a polymer gelcom 
position provided herein can be administered to a first loca 
tion (e.g., a Subcutaneous tissue of the abdominal wall of a 
mammal) for a first administration, and then can be adminis 
tered via another location (e.g., a Subcutaneous tissue of the 
buttocks region of a mammal) for a second administration. 
0035. The invention will be further described in the fol 
lowing example, which does not limit the scope of the inven 
tion described in the claims. 

EXAMPLES 

Example 1 
Sustained Delivery of Natriuretic Polypeptides for 
Three Weeks with In Situ Polymer Precipitation 

Delivery System 
0036 0.45% percentage weight/weight (w/w) of CD-NP 
was mixed with 40% poly(lactic-co-glycolic acid) in 39.55% 
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(w/w) N-methyl-2-pyrrolidinone and 20% (w/w) triacetin. 
The resulting mixture was allowed to homogenize overnight. 
Three groups of 5 rats (Wistar male, 250-300 g) were injected 
subcutaneously with the gel. A fourth group (n=5) was 
injected with blank gels as vehicles. Rats sacrificed at respec 
tive time points (1 week, 2 weeks, or 3 weeks) for plasma and 
urinary evaluation. 
0037 Plasma CD-NP levels were significantly higher than 
vehicle: 32,700+2888 pg/mL, 13.977+3302 pg/mL, and 
7,566-1115 pg/mL at weeks 1, 2, and 3 after gel injection. 
24-hour urinary CD-NP excretion levels were significantly 
elevated at 107.3+12.7 pg/minute, 33.7+29.7 pg/minute, and 
16.5-8.2 pg/minute at weeks 1, 2, and 3 as compared to 
2.02+0.10 pg/minute pre-injection. No significant difference 
was observed before and 3 weeks after gel injection in the 
vehicle group. Plasma coMP levels were significantly 
elevated at 271.0 pmol/mLit41.4 at week 1 with a trend to be 
higher at weeks 2 and 3 as compared to vehicle. 24-hour 
urinary c0MP output was significantly elevated to 57.7+2.9 
pmol/minute and 56.6+7.4 pmol/minute at week 1 and 2 as 
compared to pre-injection. 
0038. These results demonstrate that gel formulations can 
be designed to release CD-NP for sustained time periods such 
as those over 3 weeks. 

Example 2 

In Vivo Evaluation of an In Situ Polymer 
Precipitation Delivery System for Natriuretic 

Polypeptides 

Materials 

0039 Poly D.L-lactic-co-glycolic acid (PLGA) (17 kDa, 
50:50 d1-LA to GA ratio, inherent viscosity: 0.2 dL/g: 
obtained from Purac Biomaterials, Gorinchem, Netherlands) 
was used to form gel formulations. HPLC grade N-methyl 
2-pyrrolidinone (NMP; obtained from Sigma Aldrich) and 
triacetin (obtained from Fisher Scientific) were used as sol 
vents. Both solvents were of low toxicity. CD-NP polypeptide 
preparations were obtained from Nile Therapeutics, Inc. 

Synthesis of In Situ Polymer Precipitation Delivery System 
0040 Preparation of the injectable gel formulation was as 
followed. Briefly, CD-NP was dissolved in NMP solvent, and 
the resulting Suspension was allowed to stir for at least 3 to 4 
hours before the addition of pre-weighed polymer and triace 
tin solution. The quantities added were such that the polymer 
and triacetin content was 40% and 20% by weight, respec 
tively, with the CD-NP being present at 0.45% (w/w). The 
final Solution was allowed to homogenize overnight. Fresh 
gel samples were prepared one day in advance of each injec 
tion. 

In Vitro Studies 

0041. Before in vivo evaluation, several gel formations 
were tested in vitro. Effects of different gel parameters 
namely polymer concentration, single and co-solvent sys 
tems, NMP/Triacetin concentration, CD-NP drug loading, 
and gel injected Volume were investigated (see, e.g., Example 
3). Factors such as gel Viscosity, which can influence Syringe 
ability, initial burst levels of drug from the gel system, and the 
ability to have a linear release profile during the first three to 
four weeks were assessed. 
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0042 Briefly, 0.7cc of gel was injected into 10 mL of PBS 
buffer (pH 7.4) through a 20G needle. Sample vials were 
placed on a 3-ways rotator set at 100 rpm and incubated at 37° 
C. On each sampling day, the release medium was collected 
and replaced by 10 mL of fresh buffer. The collected release 
medium was tested for drug concentration using a microBCA 
Protein Assay Kit (obtained from Thermo Scientific, Pierce 
Protein Research Products). A final gel formulation that full 
filled the desired low initial burst and subsequent linear 
release profile was selected for in vivo analysis. 

In Vivo Studies 

Animal Care and Preparation 

0043. Male Wistar rats (Charles River Laboratories, 
Wilmington, Mass.) weighing 150-250 g were used and ran 
domly assigned into 4 groups of 5 rats each. Rat groupings 
were as follows: Group 1 was the group with rats exposed to 
one week of gel treatment. Group 2 was the group with rats 
exposed to two weeks of gel treatment. Group 3 was the group 
with rats exposed to three weeks of gel treatment. Group 4 
was the vehicle group. All rats were maintained on a standard 
laboratory diet and were initially allowed at least 3-4 days to 
acclimatize to the animal facility housing prior to the start of 
the study. 

Gel Implantation 

0044) In an effort of minimizing suffering on the animals 
during gel implantation, the rodents were anesthetized with 
isoflurane (1.5% in oxygen), and ventilation was provided 
using a rodent ventilator. To minimize any unnecessary risk of 
infection, the injection sites (back of the rat) were shaved and 
swapped with 70% ethanol prior to injection. The desired 
CD-NP dose was 10-7 g/kg/minute (Soeki et al., J. Am. Coll. 
Cardiol. 45:608-616 (2005)). 1.4 cc of freshly prepared gel 
were drawn into a 3 cc syringe, and a 20G needle was then 
attached to the Syringe tip. About 0.2 cc of gel was injected 
subcutaneously into each of the seven sites on the back of the 
rodent. After the injections, the rodents were returned back to 
the cage and allowed to recover. A second injection, which 
involved an exact procedural repeat of the first injection but 
on different sites, was carried out 48 hours later. 

Blood Pressure Measurement 

0045 One of CD-NP properties for unloading of the heart 
is through veno-vasodilation. This results in a drop in blood 
pressure. As a non-invasive means of assessing the presence 
of circulating CD-NP released from the gel system, the 
rodent’s blood pressure was measured at pre-determined time 
points and monitored over 18 days. Rodent blood pressure 
was measured using the CODA Non-invasive Blood Pressure 
System for Mice and Rats (Kent Scientific Corporation). 

Plasma Evaluation 

0046 Treatment groups were sacrificed for blood collec 
tion at the respective sacrificial time points (i.e., 1 week, 2 
weeks, and 3 weeks for plasma evaluation). Plasma analysis 
for the vehicle group was carried out at 3 weeks after injec 
tion. Radioimmumoassay (RIA) kits (obtained from Perkin 
Elmer Life Science) were used to evaluate plasma CD-NP 
and coMP concentration (Del Ry S. Clinical Chemistry and 
Laboratory Medicine, 43:641-645 (2005)). The RIA assay 
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was based on competition between I-peptide and CD-NPs 
binding onto a limited quantity of antibodies. 

Urinary Output Evaluation 

0047 24 hours of urine were collected at four respective 
time points: baseline (before the start of study), after injection 
1, after injection 2, and before the sacrificial time point. 
During the 24 hours of urine collection, individual rodents 
were placed into individual metabolic cages where urine was 
collected. Urinary volume was noted and tested for the pres 
ence of urinary CD-NP and coMP. 

Statistics Analysis 

0048 All data were expressed in mean+SEM. The com 
parison between each measurement was performed by t-test. 
Significant difference of p-0.05 was accepted. 

Results 

In Vitro Buffer Release 

0049. The nature of CD-NP polypeptides offered chal 
lenges for gel formulation development. CD-NP is a short 
chain molecule, making controlling its release difficult. After 
investigating the effects of different parameters on the CD 
NP release profile, a gel formulation that mimics the desired 
low initial burst and subsequent Zero order release profile was 
selected. The release profile for the selected gel formulation, 
presented in FIG. 1A, demonstrated a sustained CD-NP 
release for more than 30 days. It exhibited an initial burst of 
11+1% of the total CD-NP loading. Thereafter, the rate of 
CD-NP release started to decrease and assumed a more linear 
release over the next 30 days. Up to 50+1% of the total 
CD-NP loading was released by day 31. 
0050 Based on the CD-NP concentration data collected at 
each time point, an estimate of the amount of CD-NP released 
on a daily basis was generated (FIG. 1B). Although the initial 
burst was relatively low, at 11+1%, this translated into 
76+15.9 ug of CD-NP released. However, the burst effect was 
only observed within the first day. As soon as the “gel' was 
fully precipitated, CD-NP was released at a consistent level 
between 5.95 to 11.9 ug/day for the next 30 days. 
I0051) To achieve a targeted dose of 107 g/kg/minute, the 
amount of gel required was quadrupled from 0.7 cc used in 
vitro to 2.8 cc. Bearing in mind the effects of the initial burst 
of the gel system, precaution was taken by separating the 
required 2.8 cc into 2x1.4 cc injections. Injections were car 
ried out on Day 0 and on Day 2. This allowed a 48-hour 
recovery window in which the initial burst effect could dissi 
pate. 
0052. The release profile of an injected gel is dependent on 
the kinetics of phase inversion as well on the rate of polymer 
matrix degradation. This, in turn, is dependent on intrinsic 
and extrinsic factors, one of which is the availability of water 
as the polymer matrix degrades hydrolytically. Studies have 
shown that in the subcutaneous environment, the relatively 
limited availability of water means that the polymer matrix 
tends to degrade at a slower rate as compared to that in vitro 
(Kim, J. Pharm. Pharmacol., 54:897-905 (2002)). 
0053 Instead of injecting the entire 1.4 cc of gel into a 
single site, a total of seven multiple sites were injected with 
about 0.2 cc of gel each. It was hoped that given the larger 
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Surface area of the Smallergel, the polymer will degrade faster 
and hence achieve the desired release profile that most 
resembles the in vitro data. 

In Vivo Studies 

0054 With one exception, all rats recovered well after 
eachgelinjection. Recovery typically took place within hours 
after injection. The death of the single rat, from the vehicle 
group, occurred after the second gel injection. Cause of death 
could be due to the series of events that the rat experienced 
following the first injection. Rats undergo multi-anesthetiza 
tion on Day 0 and 2 during gel injection. In between the 
injections, the rats were subjected to multiple blood pressure 
measurements. Procedure for blood pressure measurement 
involved holding the rats in a confined space that is heated to 
37°C. This series of events could have been too traumatic for 
the rat. 

Blood Pressure Measurement 

0055 As a non-invasive way of assessing the presence of 
circulating CD-NP levels in the rodents, blood pressure was 
measured. Given the veno-dilating property of CD-NP, any 
presence of circulating CD-NP will be indicated by a lower 
blood pressure. As such, the blood pressure (BP) was moni 
tored for both the treatment and vehicle group. BP measure 
ments were taken once every 2-3 days with more readings 
taken within 24 hours after each injection. FIGS. 2A1 and 
2B1 show the mean BP trend measured over 18 days of the 
study for the treatment and vehicle groups, respectively. 
FIGS. 2A2 and 2B2 show the mean BP trend, magnified over 
the initial 3 days. 
0056. The BP trend for the vehicle group exhibited a more 
consistent mean BP of between 89.0 to 100.6 mmHg through 
out the study duration. There were, however, some drops in 
BP observed during the first 3 days of the study, which was 
mostly likely due to the repeated exposure to isoflurane dur 
ing the anesthetization process. 
0057. As expected, the mean BP for the CDNP-treated 
groups dropped from 102+1.2 mmHg to 66+ 1.7 mmHg 
within the first six hours after the first gel injection. This drop 
coincided with the initial burst release from the gel system. 
The BP recovered to about 83+1.8 mmHg within the first 24 
hours. Following the second injection on Day 2, the BP 
dropped from 86+1.1 mmHg to 50+3.0 mmHg. After the BP 
recovery from the initial burst effect of the second injection, 
the mean BP was maintained between 76.7 mmHg to 90.9 
mmHg until the end of the 18th day. This lowered BP was 
significant as compared to the vehicle. The BP trend from the 
CDNP-treated group was confirmation that CD-NP was con 
stantly being released from the gel system over the entire 18 
days and was exerting its bioactive function of vaso-dilation. 

Plasma Concentrations 

0058 Plasma CD-NP (pCD-NP) concentrations were 
quantified using radioimmumoassay (RIA) kits. Results of 
the pCD-NP concentration measurements demonstrated a 
sustained release of CD-NP over the three week study dura 
tion (FIG. 3A). Measured pCD-NP concentrations were 
33,000+2888 pg/mL, 14,000+3302 pg/mL, and 8,000+1115 
pg/mL at one, two, and three weeks, respectively. pCD-NP 
concentrations measured from the vehicle group were found 
to be around 280+160.4 pg/mL. The results from the CDNP 
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treated groups demonstrated an elevated pCD-NP level that 
was significantly different from the vehicle group. 
0059. If the in vitro data was representative of in vivo 
release, the one would expect the pCD-NP concentrations for 
the week 3 time point to be similar to that of week 2. However, 
this was not the case. There were two possibilities for this. 
Firstly, it could be due to the difference in rate of polymeric 
degradation of the polymer matrix in Vivo as compared to in 
vitro. A second possibility was a loss of CD-NP bioactivity. 
PLGA polymer degrades through hydrolysis, which is highly 
dependent on pH and the availability of water. In the in vitro 
setting, the injected gels were Surrounded by buffer medium, 
which were constantly being replaced with fresh buffer dur 
ing each sampling time point. On the other hand, there was 
generally less availability of water in the Subcutaneous tissue 
for uptake into the injected gel. As such, the degradation rate 
for the in vivo gels might be relatively slower. This may 
account for the slower release and hence the lowered CD-NP 
release over the 3 time points. 
0060 Another possible explanation for the decrease in 
measured pCD-NP could be due to the degradation of CD-NP. 
AS PLGA matrix degrades into lactic and glycolic acids, it 
created pockets of slightly acidic environment in the polymer 
matrix (Kim, J. Pharm. Pharmacol., 54:897-905 (2002)). 
This internal acidic environment might degrade the CD-NP 
polypeptide. Since the RIA kit only works well in detecting 
intact CD-NP, the resulting pCD-NP concentrations could be 
lower than expected. 
0061. To test for the bioactivity of the released CD-NP. 
plasma cyclic guanosine 3'5' monophosphate (pcGMP) con 
centrations were measured.cGMP is a secondary messenger 
activated through the binding action of CD-NP onto NPR 
A/B receptors. It was shown that only an intact ring structure 
activates NPR-A receptor (Dickey et al., J. Biol. Chem., 283: 
35003-35009 (2008) and Misono et al., Biochem. Biophys. 
Res. Comm., 123:444-451 (1984)). Hence, the presence of 
cGMP would confirm the biological activity of released CD 
NP. The pcGMP concentrations were measured to be 
270+41.4 pmol/mL, 190+48.1 pmol/mL, and 114+15.8 
pmol/mL at the respective one, two, and three week time 
points. pcGMP concentrations from the vehicle group 
revealed a concentration of about 108-15.5 pmol/mL (FIG. 
3B). Although pcGMP concentrations were significantly 
elevated at week 1 as compared to vehicle, there was a less 
significant difference for week 2 and 3 measurements when 
compared to the vehicle. 
0062. The plasma coMP concentrations are dependent on 
the amount of pCD-NP and availability of NPR-A/B recep 
tors. Studies demonstrated that CD-NP activation of cQMP is 
dose-dependent, and this relationship plateaus at high CD-NP 
concentrations (Lisy et al., J. Am. College Card., 52:60-68 
(2008) and Dickey et al., J. Biol. Chem., 283:35003-35009 
(2008)). The maximum pcGMP concentrations in this par 
ticular rodent species were between 250 pmol/mL to 300 
pmol/mL. Given the high level of pCD-NP administered, one 
would expect maximum activation of c(GMP throughout the 
three weeks duration. This, however, was not observed. 
0063. There was one possible explanation for this obser 
Vation. In this study, the objective was to achieve a Sustained 
release effect of CD-NP from the gel system. As such, an 
excess of CD-NP was loaded into the depot. This meant that, 
as discussed herein, a high level of pCD-NP in plasma was 
achieved even at three weeks. The abundant availability of 
pCD-NP led to continual maximum activation of c(GMP over 
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an extended duration. This high cGMP activation rate might 
not be perceived by the body as normal. As such, compen 
satory responses might intervene to regulate this abnormally 
high amount of pcGMP. There are several possible compen 
satory responses. Within the natriuretic peptide pathway, 
there might be a partial down regulation of NPR-A/B recep 
tors. This prevents further binding of CD-NP onto the recep 
tor. NPR-C receptors, also known as the NPs clearance recep 
tor, could go into over-drive, increasing the degradation of 
CD-NP. These responses will reduce the rate of cQMP acti 
Vation. A second mechanism for the decreased in plasma 
cGMP may be in part due to increased coMP excretion via 
the kidneys as supported by the increased urinary c0MP 
excretion. A third mechanism may be due to the degradation 
of c(GMP by phosphodiesterases (PDE) such as PDEV. 

Urinary Output Evaluation 

Urinary Output Volume 

0064. The 24-hour urinary outputs for both the treated and 
vehicle rodent were measured (Table 1). Mean 24-hour base 
line urine outputs for the treated and vehicle group were 
15+1.3 mL and 13+0.9 mL, respectively. After the first and 
second gel injection for the treatment group, the mean urinary 
output increased to 32+2.5 mL and 32+1.8 mL, respectively. 
The increase in urinary volume output was about twice that of 
the baseline volume. CD-NP was also known to be diuretic 
((Lisy et al., J. Am. College Card., 52:60-68 (2008) and 
Dickey et al., J. Biol. Chem., 283:35003-35009 (2008)). As 
Such, the increase in the urinary output right after the injec 
tions was related to the amount of CD-NP administered dur 
ing the first 24 hours after each injection. This was further 
evidence suggesting that CD-NP released from the gel poly 
mer matrix was biologically active. 

TABLE 1 

24 hour urinary output volume for baseline, first and second 
post-injections, and prior to Sacrifice. 

Treatment Vehicle 
Group Group 

Time point (mL) (mL) 

Baseline 15 13 
After Injection 1 32.4 
After injection 2 31.5 
1 week 11.9 
2 weeks 14 
3 weeks 12.5 11.9 

Urinary CD-NP and coMP 
0065 Background urinary CD-NP (uCD-NP) levels were 
measured at 2+0.10 pg/minute and 4+1.65 pg/minute for 
treatment and vehicle groups, respectively (FIGS. 4A and 
4B). For the treatment group, the uCD-NP levels were mea 
sured at 550+139.60 pg/minute and 600+151.90 pg/minute 
after the first and second injections, respectively. Immedi 
ately after the gel injections, there was a burst release of 
CD-NP from the gel. Most of this un-used CD-NP was 
excreted out of the system through urinary excretion. This 
accounted for the high uCD-NP output. The amount of CD 
NP excreted at one, two, and three weeks reduced to 107-12. 
70 pg/minute, 34+29.72 pg/minute, and 17+8.19 pg/minute, 
respectively. These were statistically significant when com 
pared with the baseline level. As mentioned, following the 
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burst release, the amount of CD-NP released from the gel 
system reduced to a more sustainable level. This, in turn, led 
to the lower uCD-NP output observed. There was no signifi 
cant difference in uCD-NP output observed between the base 
line and 3 weeks urinary output for the vehicle group. 
0066 Baseline urinary c0MP (ucGMP) levels were mea 
sured at 29+0.10 pmol/minute and 31+2.68 pmol/minute for 
treatment and vehicle group, respectively (FIGS.5A and 5B). 
There were no significant changes in the ucCMP output for 
the vehicle group at three weeks after the injection of the 
blank gel. As for the treatment groups, ucCMP output was 
significantly increased following gel injections. ucGMP out 
put was 41+2.16 pmol/minute and 62+3.32 pmol/minute after 
the first and second injections, respectively. The ucCMP out 
put after the first injection was slightly lower than that mea 
sured for the second injection. This was probably due to the 
fact that there was a lapse time between CD-NP diffusing out 
of the gel system into the blood, binding of CD-NP with 
NPR-A/B receptors, and the activation of c(GMP to the filtra 
tion of pcGMP in the kidney. ucCMP output continued to 
remain high at one and two weeks. It, however, dropped to a 
level that was not significant at three weeks after the treat 
ment. One interesting observation was that the ucCMP output 
level was consistently high at week 1 and 2. 
0067. These results demonstrate the effects on blood pres 
sure, plasma CD-NP, plasma coMP, urinary CD-NP, and 
urinary c0MP. These results also demonstrate an elevated 
pCD-NP level throughout the three week treatment duration. 
The high level of recorded uCD-NP was consistent with the 
elevated pCD-NP. Bioactivity of released CD-NP was also 
proven to be retained, as seen by the initial elevation of 
pcGMP level at week 1, and by the sustained hypotensive 
state of the treated rats. 
0068. Over longer times, however, pcGMP level did not 
sustain the saturation level that was predicted by the level of 
pCDNP. Following pcGMP saturation level at week 1, 
pcGMP gradually decreased over the next 2 weeks to a level 
that was not significantly different from the baseline level. 
Evidence from ucCMP excretion suggested that this decrease 
in pcGMP was not due to the loss of bioactivity of released 
CD-NP. Despite the decreasing pcGMP level from week 1 to 
week 3, a constant high level ofucCMP was recorded up to 2 
weeks into treatment. Instead, it was believed that following 
the initial days of saturation level of c(GMP production, the 
body perceived the level as 'abnormal. As such, compensa 
tory responses could have intervened to regulate this abnor 
mally high level of circulating pcGMP. The compensatory 
responses were believed to be of two types, both of which 
help reduce circulating pcGMP. 
0069. The first mechanism could work by reducing the 
high coMP activation rate. Within the NP/cGMP pathway, 
there could be down regulation of NPR-A/B receptors, thus 
reducing c(GMP production. NPR-C receptor might also be 
set into over-drive mode to remove rapidly circulating CD 
NP. This could aid in reducing the pCD-NP concentration and 
in turn, reduce the availability of CD-NP for binding onto 
NPR-A/B receptors. This increased pCD-NP clearance was 
confirmed by the elevated uCD-NP output. Outside of the 
NP/cGMP pathway, there was another cGMP pathway 
known as NO-sGC/cGMP pathway. This pathway also pro 
motes cGMP production and could also be down regulated to 
further reduce coMP production. 
0070 The second mechanism could be aimed at reducing 
the circulating pcGMP level. This could be achieved by 
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increasing c(3MP removal rate through degradation of c(GMP 
by phosphodiesterases or more directly through urinary 
excretion. 
0071 Based on the high level of sustained ucCMP output 
that was recorded, the dominant reason for the gradual drop in 
pcGMP level from week 1 to week 3 was due to the high 
removal rate via urinary excretion. 

Example 3 

Natriuretic Polypeptide Release Properties 
0072. In vitro studies were performed to determine the 
release properties of CU-NP polypeptides from polymer gels. 
An injectable gel system was designed and used to evaluate 
sustained release of CU-NP polypeptides over one month. 
Several gel parameters were investigated. First, three types of 
polymers were investigated: PLGA (50/50) with an intrinsic 
viscosity 0.4 dL/g (IV0.4), PLGA (50/50) with an intrinsic 
viscosity of 0.2dL/g (IV0.2), and acid-capped PLGA (50/50) 
with an intrinsic viscosity of 0.2 dL/g (IV0.2A). Second, 
three different percentages of polymer within the gel prepa 
ration were investigated: 20 percent polymer (PGLA), 30 
percent polymer (PGLA), and 40 percent polymer (PGLA). 
Third, different levels of triacetin solvent were evaluated: 
Zero percent triacetin, 10 percent triacetin, and 20 percent 
triacetin. Fourth, two drug loading concentrations were 
tested: 0.15 percent CU-NP polypeptides and 0.3 percent 
CU-NP polypeptides. All gels were dissolved in NMP unless 
otherwise stated. Percentages were calculated based on w/w 
ratio. 
Initial drug burst release depended on the type of polymer 
employed in the gel system. In this study, polymers of differ 
ent intrinsic viscosity were used to investigate on the effects 
of polymer molecular weight on the initial release profile. 
Intrinsic viscosity (IV) was related to the molecular weight 
(Mw) of the polymer. The higher the IV, the higher was the 
molecular weight of the polymer. 
Gel systems with a higher Mw exhibited a lower initial drug 
burst (FIG. 6). IV0.2A referred to a polymer chain that was 
capped at the end terminal with an acid group. As the end 
terminal does not play a role in determining the initial drug 
release, both initial drug release from IV 0.2 and IV 0.2A 
system were expected to be similar. As expected, both the 
IV0.2 and IV0.2A system exhibited similar initial CU-NP 
burst release. The acid-capped terminal system, however, 
exhibited an increased rate of polymeric degradation. This 
translated into a faster subsequent rate of drug release (FIG. 
6). 
0073. Different polymer concentrations were used to 
investigate the effects of polymer concentration on initial 
burst release. Gel systems with a higher polymer concentra 
tion were more Viscous and can exhibit a slower phase sepa 
ration or gelation rate, increasing the diffusion barrier with 
the formation of a thicker and denser outer polymeric shell 
(FIG. 7). In addition, a reduction in the initial burst release 
was observed with higher polymer concentrations (FIG. 7). 
0074 FIG. 7 also revealed that 30% PLGA exhibited a 
lower burst release as compared to 40% PLGA system. This 
difference was due to the shape of the gel formed during the 
initial injection. Shape and size of the injected gel were 
involved in controlling the initial burst too. Changes in shape 
and size of the gel affected the amount of exposed surface 
areas and hence, increase or decrease the amount of drug 
release. 



US 2014/0357561 A1 

0075. In situ polymer precipitation system can function on 
the principle of solvent-water exchange. Upon injection into 
buffersolution, solvent from within the gel solution can efflux 
out of the system, while water from the Surrounding can 
influx into the gel. This solvent-water exchange process can 
result in the precipitation of the hydrophobic polymer. 
0076. The rate of solvent-water exchange can contribute to 
the porosity of the shell layer. Generally, a hydrophilic sol 
vent such as NMP tends to efflux out of the gel system rapidly, 
forming huge interconnected pores within the shell layer. 
These polymer-lean pores allow drug to diffuse easily out of 
the gel system and can result in a high initial burst release. 
When a hydrophobic solvent such as triacetin is used, it tends 
to stay in the gel Solution longer resulting in a slower Solvent 
efflux and slower water influx. This leads to a slower rate of 
polymer precipitation, which tends to form denser and 
Smaller non-interconnected pores. This polymer-rich shell 
layer can retard drug diffusion and can reduce the initial drug 
release. 
0077. The rate of solvent-water exchange can be modified 
by changing the Solvent content within the gel system. Dif 
ferent co-solvent concentrations were used to investigate the 
effects of co-solvent on initial burst release. Increasing the 
amount of the hydrophobic solvent in the system altered the 
rate of Solvent-water exchange and changed the shell layer 
morphology (FIG. 8). 
0078. The CU-NP release profiles from two gel system 
with different drug loading amounts (0.15 and 0.30 percent) 
were assessed (FIG. 9). Both loading amounts exhibited 
release profiles with similar initial burst release. Since both 
gel formulations were similar, the release profiles should be 
the same. In this case, the only difference was in term of the 
absolute amount of drug that was released. 
0079 FIG. 10 shows the release profile of CD-NP. In 
addition, it appeared that CD-NP polypeptides were being 
released from the system at a much faster rate as compared to 
that of CU-NP polypeptide. This difference in rate of drug 
release could be due to drug hydrophilicity and solvent solu 
bility. 

Example 4 

In Vivo Evaluation of an In Situ Polymer 
Precipitation Delivery System Using an Acute 

Myocardial Infarction Rat Model 

Materials 

0080 Poly (D.L-lactic-co-glycolic acid) (PLGA) (17 
kDa, 50:50 d1-LA to GA ratio, inherent viscosity: 0.2dL/g) 
from Purac Biomaterials, Gorinchem Netherlands, was used 
in the gel formulations. HPLC grade N-methyl-2-pyrrolidi 
none (NMP) and triacetin, purchased from Sigma Aldrich and 
Fisher Scientific, respectively, were used as solvents. Both 
solvents were of low toxicity. CD-NP polypeptide was sup 
plied by Nile Therapeutics, Inc. 

Synthesis of In Situ Polymer Precipitation Delivery System 
0081 Injectable gel formulation preparation was as fol 
lows. Briefly, CD-NP was dissolved in NMP solvent, and the 
resulting Suspension was allowed to stir for at least 3 to 4 
hours before the addition of pre-weighed polymer and triace 
tin solution. The quantities added were such that the polymer 
and triacetin content was 40% and 20% by weight, respec 
tively, with the CD-NP being present at 0.45% w/w. The final 
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Solution was allowed to homogenize overnight. Fresh gel 
samples were prepared 1 day in advance for each injection. 

Animal Care and Preparation 

I0082 Male wistar rats (Charles River Laboratories, Wilm 
ington, Mass.), weight of 150-250 g, were used and randomly 
assigned into two groups of 15 rats each. Rat groupings were 
as follows: Group 1 - Vehicle Group (Gel only); and 
2 Treatment Group (Gel and CD-NP). All rats were main 
tained on a standard laboratory diet and were initially allowed 
at least 3 to 4 days to acclimate to the animal facility housing 
prior to the start of the study. Group population of 15 rats each 
was chosen to take into account the possibility of mortality 
Sustained from model creation Surgical and/or unsuccessful 
model creation. For the study protocol, all rats were injected 
with 1.0 mL of gel solution at day 0 followed by model 
creation Surgical procedure on day 1 and finally a second 1.0 
mL injection on day 3. Rats were sacrificed at week 3 for data 
collection. 

Gel Implantation 

I0083. In an effort of minimizing suffering on the animals 
during gel implantation, the rodents were anesthetized with 
isoflurane (1.5% in oxygen), and ventilation was provided 
using a rodent ventilator. To mitigate any unnecessary risk of 
infection, the injection sites (back of the rat) were shaved and 
swapped with 70% ethanol prior to injection. The desired 
CD-NP dose was 107 g/kg/minute. 1.0 cc of freshly prepared 
gel was drawn into a 3 cc syringe, and a 20G needle was then 
attached to the Syringe tip. About 0.2 cc of gel was injected 
subcutaneously into each of the five sites on the back of the 
rodent. After the injection, the rodents were returned back to 
the cage and allowed to recover. A second injection, an exact 
procedural repeat of the first injection and on different sites, 
was carried out 72 hours later. 

Acute Myocardial Infarction Model Creation 

0084 Rats were anesthetized. Chest hair was shaved, and 
the shaved area was swapped with 70% ethanol prior to chest 
dissection. The chest was opened using an intercostals inci 
sion and retracted with a rat rib retractor. The left auricle was 
slightly retracted to expose the entire left main artery system. 
Ligation, aided with a tapered forceps, was carried out by 
tying using a 7-0 Suture on the anterior descending coronary 
artery (LAD). The immediately vicinity beneath the ligation 
was observed briefly to confirm the presence of ischemia. A 
dose of lidocaine was administered over the heart to reactivate 
the heart rhythm. The chest wall was then closed with a 5-0 
Ticron blue polyester fiber suture with one layer through the 
chest wall and muscle. To minimize any inflammation, before 
the Suturing of the second layer through the skin, several 
drops of hydrogen peroxide were added. The rats were 
removed from the ventilator and kept warm over a heating 
pad. 0.07 cc of Buprenex was injected into the blood vessel to 
aid the recovery process. 

Blood Pressure Measurement 

I0085. As a non-invasive means of assessing the presence 
of circulating CD-NP released from the gel system, rodents 
blood pressure was measured at pre-determined time points 
(i.e. before start of study, after injection 1 and 2, and before 
acute study). Rodents’ blood pressure was measured using 
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the CODA Non-invasive Blood Pressure System for Mice and 
Rats from Kent Scientific Corporation. 

Echocardiography Studies 
I0086 Echocardiography was performed within 7 days 
before the scheduled acute study. Echocardiography was per 
formed using a Vivid 7 system (GE Healthcare, Milwaukee, 
Wis.) equipped with a 10S ultrasound probe (11.5 MHz) with 
ECG monitoring. Briefly, chest hair was shaved, and ultra 
Sonic scans were performed on all rats in Supine position. 
M-mode image and gray scale 2D images (300-350 frames/ 
sec) of parasternal long axis and mid-LV were recorded for 
off-line analysis. End-systolic (ESV), end-diastolic and 
stroke volumes (SV), and ejection fraction (EF) were calcu 
lated using the Teichholz formula. All parameters represented 
the average of 3 beats. 

Acute Study 
I0087 Acute study was performed 3 weeks post MI. Prior 
to the acute study, rat weight was collected for heart/body 
weight analysis. Rats were anesthetized. APE-50 tubing was 
inserted into the carotid artery for blood sampling. Blood for 
CD-NP and coMP analysis was collected in heparin or EDTA 
tubes on ice. After centrifugation at 2,500 rpm at 4°C. for 10 
minutes, plasma was aliquot and stored at -80°C. until assay. 
After confirming that the rat was clinically dead, the rib cage 
was opened, and the heart was harvested for heart tissue 
analysis. Observations were made to confirm the presence 
and degree of myocardial infractions. Heart weight was mea 
sured before the dissection of the heart for left ventricle (LV) 
harvesting. Sectioned LVs were immersed in formalin for 
histological analysis. PicroSirius red staining was utilized to 
assess collagen content. An Axioplan II KS 400 microscope 
(Carl Zeiss, Inc., Germany) and KS 400 software were uti 
lized to analyze the histological slides and to calculate the 
percentage of picroSirius red stain. 

Plasma Evaluation 

0088 Radio-immumo Assay (RIA) Kit obtained from Per 
kin Elmer Life Science was used to evaluate plasma CD-NP 
and coMP concentration. The RIA assay involved competi 
tion between I-peptide and CD-NPs binding onto a limited 
quantity of antibodies. RIA was capable at detecting both 
native CNP and designer CD-NP. 

Urinary Output Evaluation 
0089 24 hours of urine were collected on 2 time points: 
baseline (before the start of study) and before sacrificial time 
point. During the 24 hour urine collection, individual rodents 
were placed into individual metabolic cages where urine was 
collected. Urinary volume was noted and tested for the pres 
ence of urinary CD-NP and coMP. 

Statistical Analysis 
0090 All data were expressed in mean+SEM. The com 
parison between each measurement was performed by t-test. 
Significant difference of p-0.05 was accepted. 

Results 

0091. A total of 30 rats were used in the study. However, 4 
rats from each group did not survive the ligation Surgery of MI 
creation. Deaths resulted from punctured heart during LAD 
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ligation, massive internal bleeding, or related Surgical proce 
dure. Other than the recorded deaths, one rat from the treat 
ment group (Gel-i-CD-NP) and three rats from the vehicle 
group (Gel only) were also excluded from data computation 
due to poorly defined-infarction or unsuccessful MI creation. 
No death was recorded as a result of gel injection. In all, 
statistical data discussed was based on 8 and 10 rats from 
vehicle and treatment groups, respectively. 

Blood Pressure Measurement 

0092 Given that CD-NP exhibits venodilating property, 
any presence of circulating CD-NP is evident from lowered 
blood pressure (BP). In this AMI model rat study, BP was 
measured before the start of the study and before rat sacrifice. 
For additional data collection, BP also was monitored imme 
diately after each injection for analysis of BP drop as a direct 
result of the gel initial burst release. 
(0093 FIG. 11 represent BP data collected at the pre-de 
termined time points. No BP change was observed in vehicle 
group following the two gel injections. However, at 3-week 
time point, BP dropped from 100+1.9 mmHg to 56.6+0.8 
mmHg. As for treatment group, BP dropped to 73+1.1 mmHg 
and 69+2.3 mmHg following the 1st and 2nd gel injections, 
respectively. BP at 3-week was observed to be 79+2.0 mmHg. 
0094. Three observations were made from BP measure 
ments. Firstly, in this study, BP of treatment group were 
73+1.1 mmHg and 69+2.3 mmHg following the 1st and 2nd 
gel injections, respectively. Compared to a predicate study 
(Lim et al., J. Cardiac Failure, 18:S63 (2012)) where BP of 
treatment group was observed to drop to 66+ 1.7 mmHg and 
50+3.0 mmHg after first two injections, the drop in BP for the 
current study after the 1st and 2nd injection was less drastic. 
Observations of rat activity level post injection suggest that 
the rodents accepted this dropped in BP better than the more 
drastic dropped in the predicate study. This difference in BP 
drop was due to the drug dosage given in this study (1.0 cc per 
injection), which was lower than in the predicate study (1.4 cc 
per injection). Initial drug burst release was observed from the 
gel system, and this sudden elevation in plasma CD-NP 
resulted in blood BP drop. The reduction in initial burst 
amount of drug (partly due to lower loading) resulted in a 
more acceptable BP drop. 
0.095 Secondly, BP at 3-week for treatment group was 
measured to be 79+2.0 mmHg. This lower BP level as com 
pared to baseline Suggested that the gel was eluting biologi 
cally active CD-NP even at 3 weeks. 
(0096. Thirdly, BP in the vehicle group remained 
unchanged following the two injections. However, as the 
infarction spreads and worsens, heart function decreased 
drastically leading to a drop in BP from 100+ 1.9 mmHg to 
56.6+0.8 mmHg at 3 weeks. Interestingly, the BP of treatment 
group of the same time point did not experience that extensive 
a drop in BP. Instead, BP hovered at 79-2.0 mmHg, further 
demonstrating attenuation of the infarction effects in CD-NP 
treated group. 

Plasma Concentrations 

(0097 Plasma CD-NP concentration (pCD-NP conc.) and 
cGMP concentration (pcGMP conc.) were quantified using 
the Radio-immumo Assay (RIA) Kit. Data collected was 
represented in FIG. 12. pCD-NP conc. in vehicle group was 
found to be 120+6.2 pg/mL, while that of treatment group was 
significantly elevated to 5,000+505 pg/mL at 3 weeks. 
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0098 pCD-NP measured from this rat study concured 
with data collected from the predicate study. In the previous 
study, 2.8 cc of gel administered yielded 8,000+1115 pg/mL 
pCD-NP conc. at 3 weeks. This approximately translates into 
2800 pg/mL per 1 cc of gel administered. In this study, 2.0 cc 
of injected gel yielded a pCD-NP conc. of 5,000+505 pg/mL. 
This approximately translates into 2500 pg/mL per 1 cc of gel 
administered. This affirmed that the gel release was consistent 
between the two studies. 
0099] To test for the bioactivity of released CD-NP. 
pcGMP conc. was measured.cGMP is a secondary messen 
geractivated through the binding action of CD-NPonto NPR 
A/B receptors. Thus, the presence of c(GMP confirms func 
tionality of released CD-NP. From FIG. 12, pcGMP conc. in 
vehicle group was found to be 112+8.0 pmol/mL. This col 
lated well with baseline pcGMP conc. in normal rats of 
108+15.5 pmol/mL. Treatment group, on the other hand, 
reflected a significantly elevated pcGMP conc. of 170+21.4 
pmol/mL at 3 weeks. This elevated difference between treat 
ment and vehicle group demonstrated that the gel delivery 
system was able to preserve, for up to 3 weeks, the bioactivity 
of the released CD-NP. 
0100. In the predicate study, an excess of CD-NP was 
injected into rats to demonstrate sustained release of CD-NP 
over a 3-week release duration (Lim et al., J. Cardiac Failure, 
18:S63 (2012)). It was observed that at the 3 week time point, 
the pcGMP concentration reduced to a level not significantly 
different from the baseline despite the elevated pCD-NP 
conc. of 8,000+1115 pg/mL. It was postulated that a sustained 
delivery of high CD-NP concentration from the gel led to a 
constant high coMP activation. This high activation rate may 
be deemed abnormal by the body. As such, the drop in 
plasma coMP was due to compensatory responses which 
intervene to regulate the abnormally high amount of pcGMP. 
Three such compensatory responses were identified. Firstly, 
down regulation of NPR-A/B receptors to reduce coMP pro 
duction; secondly, over-drive of clearance NPR-C receptors 
may also assist in reducing pCD-NP level and thus lead to a 
reduction in coMP activation. And thirdly, pcGMP could be 
lowered by increasing c(GMP excretion via kidney filtration. 
This mechanism of reducing plasma coMP was confirmed in 
the elevated urinary c0MP excretion. 
0101 Plasma CD-NP and coMP data from this study sup 
port the above postulation. In this study, at 3 weeks, plasma 
CD-NP and coMP was 5,000+505 pg/mL and 170+21.4 
pmol/mL, respectively, while the 3 week plasma CD-NP and 
cGMP in the previous study was 8,000+1115 pg/mL and 
110+35.4 pmol/mL. Comparing the two sets of data, a higher 
sustained CD-NP release (as shown in an elevated CD-NP 
level of -8000 pg/mL) yielded a lowerpcGMP conc., while a 
lowered CD-NP release (in present study) yielded a higher 
pcGMP conc. at 3 weeks. In this case, by having a reduced 
dosage, the Suppression of c(GMPactivation was not as exten 
sive, resulting in a higher pcGMP conc. at 3 weeks. 

Urinary Output Evaluation 

0102 FIG. 13 illustrates the urinary CD-NP and coMP 
outputs at 3 weeks. Baseline and vehicle group urinary CD 
NP output was found to be similar at 2.0+0.23 pg/min and 
2.1+0.14 pg/min, respectively. As expected, the urinary CD 
NP output for treatment group was significantly different at 
120+29.8 pg/min. High urinary CD-NP output suggests that 
at 3 weeks, there was still an excess of CD-NP being released 
from the gel as needed by the body. 
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0103 Baseline, vehicle, and treatment group urinary 
cGMP outputs were found to be 23+1.2 pmol/min, 36+2.2 
pmol/min, and 52+4.1 pmol/min, respectively. Both vehicle 
and treatment levels were significantly elevated as compared 
to the baseline. The treatment group also was significantly 
higher than that of the vehicle group. 
0104. The elevated urinary excretion of both CD-NP and 
cGMP demonstrated that the drug loading could potentially 
be reduced even further, provided that this did not affect the 
attenuation of the cardiac remodeling. 

Cardiac Function and Structure Evaluation 

0105 Cardiac function and structure between vehicle and 
treatment group was illustrated in FIG. 14. Left ventricular 
ejection fraction, assessed by conventional echocardiogram, 
was measured to be significantly different at 43+3.7% and 
59+4.2% for vehicle and treatment groups. The heart/body 
weight ratios between vehicle and treatment groups were also 
significantly different at 0.337+0.007 and 0.312+0.008, 
respectively. More importantly, a significant reduction in 
fibrosis and collagen deposition in treatment group as com 
pared to the vehicle group was observed. Picrosirius red stain 
ing for vehicle group was measured to be 1.7+0.3% as com 
pared to 1.0+0.1% for the CD-NP-treated group. 
0106 Deterioration of both cardiac hemodynamic func 
tion and cardiac fibrosis is associated with cardiac remodel 
ing. Cardiac remodeling, in this case, was initiated with the 
ligation of LAD at the start of the study. 
0107 Data from the vehicle group illustrated a marked 
decrease in heart function, evident from the reduced ejection 
fraction and hypotensive state experienced by rat. In addition 
to the cardiac functions, a higher heart/body weight ratio and 
the presence of marked fibrosis and collagen deposition in the 
left ventricular also illustrated the remodeling mechanism in 
acute myocardial infarction. The CD-NP treated group, on the 
other hand, was found to perform significantly better in most 
aspects of the analysis performed. This clearly demonstrated 
the cardio-protective effects of CD-NP. 
0108. With the delivery systems provided herein (e.g., a 
CD-NP delivery system), the constant release of a natriuretic 
polypeptide (e.g., CD-NP) from the gel depot over a 3 week 
duration demonstrated a distinct improvement in both func 
tionality and structural integrity of the heart. Both systolic 
and diastolic functions exhibited a better cardiac function as 
shown by the better ejection fraction. Although ejection frac 
tion was not completely preserved, it exhibited an improve 
ment. This also was revealed by the significantly higher BP as 
compared to vehicle. Structurally, the remodeling process 
also was lessened, as revealed by the heart/body weight ratios 
in the treated rats which were found to be significantly low 
ered than that of the untreated rats. This, also, was Supported 
with the reduction in fibrosis and collagen deposition. 

Other Embodiments 

0109. It is to be understood that while the invention has 
been described in conjunction with the detailed description 
thereof, the foregoing description is intended to illustrate and 
not limit the scope of the invention, which is defined by the 
Scope of the appended claims. Other aspects, advantages, and 
modifications are within the Scope of the following claims. 
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SEQUENCE LISTING 

<16O is NUMBER OF SEO ID NOS: 10 

<210s, SEQ ID NO 1 
&211s LENGTH: 28 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 1 

Ser Lieu. Arg Arg Ser Ser Cys Phe Gly Gly Arg Met Asp Arg Ile Gly 
1. 5 1O 15 

Ala Glin Ser Gly Lieu. Gly Cys Asn. Ser Phe Arg Tyr 
2O 25 

<210s, SEQ ID NO 2 
&211s LENGTH: 32 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 2 

Ser Pro Llys Met Val Glin Gly Ser Gly Cys Phe Gly Arg Llys Met Asp 
1. 5 1O 15 

Arg Ile Ser Ser Ser Ser Gly Lieu. Gly Cys Llys Val Lieu. Arg Arg His 
2O 25 3O 

<210s, SEQ ID NO 3 
&211s LENGTH: 22 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 3 

Gly Lieu. Ser Lys Gly Cys Phe Gly Lieu Lys Lieu. Asp Arg Ile Gly Ser 
1. 5 1O 15 

Met Ser Gly Lieu. Gly Cys 
2O 

<210s, SEQ ID NO 4 
&211s LENGTH: 32 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 4 

Thir Ala Pro Arg Ser Lieu. Arg Arg Ser Ser Cys Phe Gly Gly Arg Met 
1. 5 1O 15 

Asp Arg Ile Gly Ala Glin Ser Gly Lieu. Gly Cys Asn. Ser Phe Arg Tyr 
2O 25 3O 

<210s, SEQ ID NO 5 
&211s LENGTH: 38 
212. TYPE: PRT 

<213> ORGANISM: Dendroaspis anguisticeps 

<4 OOs, SEQUENCE: 5 

Glu Val Lys Tyr Asp Pro Cys Phe Gly. His Lys Ile Asp Arg Ile Asn 
1. 5 1O 15 

His Val Ser Asn Lieu. Gly Cys Pro Ser Lieu. Arg Asp Pro Arg Pro Asn 
2O 25 3O 

Ala Pro Ser Thir Ser Ala 
35 
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- Continued 

<210s, SEQ ID NO 6 
&211s LENGTH: 32 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic polypeptide 

<4 OOs, SEQUENCE: 6 

Thir Ala Pro Arg Ser Lieu. Arg Arg Ser Ser Cys Phe Gly Lieu Lys Lieu. 
1. 5 1O 15 

Asp Arg Ile Gly Ser Met Ser Gly Lieu. Gly Cys Asn. Ser Phe Arg Tyr 
2O 25 3O 

<210s, SEQ ID NO 7 
&211s LENGTH: 37 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic polypeptide 

<4 OO > SEQUENCE: 7 

Gly Lieu. Ser Lys Gly Cys Phe Gly Lieu Lys Lieu. Asp Arg Ile Gly Ser 
1. 5 1O 15 

Met Ser Gly Lieu. Gly Cys Pro Ser Lieu. Arg Asp Pro Arg Pro Asn Ala 
2O 25 3O 

Pro Ser Thir Ser Ala 
35 

<210s, SEQ ID NO 8 
&211s LENGTH: 41 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 8 

Ser Lieu. Arg Arg Ser Ser Cys Phe Gly Gly Arg Met Asp Arg Ile Gly 
1. 5 1O 15 

Ala Glin Ser Gly Lieu. Gly Cys Asn. Ser Phe Arg Tyr Arg Arg Ile Thr 
2O 25 3O 

Ala Arg Glu Asp Llys Glin Gly Trp Ala 
35 4 O 

<210s, SEQ ID NO 9 
&211s LENGTH: 33 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic polypeptide 

<4 OOs, SEQUENCE: 9 

Arg Met Asp Arg Ile Gly Lieu. Ser Lys Gly Cys Phe Gly Lieu Lys Lieu 
1. 5 1O 15 

Asp Arg Ile Arg Glu Ala Ser Gly Lieu. Gly Cys Llys Val Lieu. Arg Arg 
2O 25 3O 

His 

<210s, SEQ ID NO 10 
&211s LENGTH: 33 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic polypeptide 
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- Continued 

<4 OOs, SEQUENCE: 10 

Arg Met Asp Arg Ile Gly Lieu. Ser Lys Gly Cys Phe Gly Lieu Lys Lieu 
1. 5 1O 15 

Asp Arg Ile Gly Ser Met Ser Gly Lieu. Gly Cys Llys Val Lieu. Arg Arg 
2O 25 

His 

1-12. (canceled) 
13. A method for treating a mammal to increase plasma 

natriuretic polypeptide levels and plasma coMP levels in said 
mammal, wherein said method comprises administering a 
polymer gel composition to said mammal, wherein said poly 
mer gel composition comprises a natriuretic polypeptide, 
poly(lactic-co-glycolic acid), N-methyl-2-pyrrolidinone, and 
triacetin, wherein the poly(lactic-co-glycolic acid) of said 
composition has an intrinsic viscosity between 0.3 and 3 
dL/g, and wherein said matriuretic polypeptide is released 
from said polymer gel composition into the circulation of said 
mammal over a period of time greater than 2 weeks following 
administration of said polymer gel composition to said mam 
mal. 

14. The method of claim 13, wherein mammal is a human. 
15. The method of claim 13, wherein said matriuretic 

polypeptide is CD-NP. 

16. The method of claim 13, wherein said matriuretic 
polypeptide comprises the amino acid sequence set forth in 
one of SEQID NOs: 1-10. 

17. The method of claim 13, wherein said polymer gel 
composition comprises from about 0.1 percent and 0.5 per 
cent of said natriuretic polypeptide by weight. 

18. The method of claim 13, wherein said polymer gel 
composition comprises from about 15 percent and 45 percent 
of said poly(lactic-co-glycolic acid) by weight. 

19. The method of claim 13, wherein said polymer gel 
composition comprises from about 15 percent and 25 percent 
of the poly(lactic-co-glycolic acid) by weight. 

20. The method of claim 13, wherein said polymer gel 
composition comprises from about 1 percent and 10 percent 
of triacetin by weight. 

21. The method of claim 13, wherein said polymer gel 
composition comprises acid capped poly(lactic-co-glycolic 
acid). 


