AAPS PharmSciTech 2000; 1 (1) article 6

p narm s (:l T e c n ’ (http://www.pharmscitech.com)

Orthogonal HPLC Methods For Quantitating Related Substances and
Degradation Products of Pramlintide

Submitted: January 20, 2000; Accepted: March 15, 2000
Wade Demond," Richard A. Kenley,” James L. Italien,* David Lokensgard,® G. Weilersbacher®

and Keith Herman®
!Baxter Hyland, Glendale, CA

2Cabrillo Facility of Magellan Laboratories, Inc., 9250 Trade Place, San Diego, CA 92126
3Ligand Pharmaceuticals, Inc., 10275 Science Center Drive, San Diego, CA 92121

*Waters Corporation, Milford MA

ABSTRACT Pramlinideisa37- amino acid peptide
that is being evduated as a drug candidate for treating
people with type 1 and insulin-using type 2 diabetes Two
high-performance  liquid chromatogrephy  (HPLC)
methods were devdoped for quantitaing reated
subgtance impuritiesin pramlintide drug substance as well
as degradation products of pramlintide formulated for
parenterd adminigration. The methods differ with respect
to sgpardtion mode and therefore provide orthogond
information  concerning  rdlated  subdances  and
degradation products. One method uses a reverse phase
(RP) sgparation mode, and the other involves a srong
caion exchange (SCX) separation. Method performance
testing showed thet the RP- and SCX-HPLC methods
both aford a high degree of sdectivity, accuracy,
precison, and sengtivity. The limit of quantitation for
determining spiked authentic samples of degradation
products was shown to be gpproximatdy 0.1% (rdaiveto
intact pramlintide) for both methods. Relaive retention
times for known pramlintide degradation products were
determined for both the RP- and SCX-HPLC methods,
demondraing the sdectivities of the 2 methods as wdll as
the orthogondity of the information. The methods were
dso shown to be diagtereospecific with repect to
sepaating pramlintide from authentic samples of D-
isomers & Ale?, Aldf, Ale>-Ale?, and Leu. The methods
did not resolve pramlintide, however, from diagereomers
with D-isomers near the C- and N-termini, namey
Lys,Cys, and Tyr.

KEYWORDS: Pramlintide, Peptide Andlysis, RP-HPLC,
SCX-HPLC, Orthogond Separation, Diagtereosd ectivity.

INTRODUCTION

Amylin is a 37- amino acid peptide hormone that is
produced in the pancreas and co-secreted with insulin
in response to serum glucose leves [1-3]. Pramlintide
is a gynthetic andog of amylin that retains the
biologica activity of the hormone while offering
superior physical and chemica properties that facilitate
drug synthess and development of a stable drug
product for parenteral administration [4]. Pramlintide is
being evauated as a drug candidate for tresting people
with type 1 and insulin-using type 2 diabetes.

Figure 1 shows the pramlintide amino acid
sequence.

1
E-C-N-T-A-T-C-A-T-0-R-L-A-N-F-L-V-H-5-5 N-N-F-G-P -1-L-P-P-T-
N-V-G-S-N-T-Y-NH,

Motes:

1. Disulfide Bridge between C:m"-(‘!\’

2, Undersoores show potential sites of desmmidation = *qxraginr. J__']In.ill'lil'l!'. and C-
terminal fyrosine

3. Baoldfaee shows positions where three prolines in pramlintide reploce alanine,
sening, and serine in the human hormone, amylin

Figure 1. Amino acid sequence of pramlintide.
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The figure also shows the disulfide bridge between
cysteines 2 and 7 and indicates the amino acid
differences between pramlintide and amylin. Also,
the pramlintide sequence contains no free carboxyl
groups, even at the amidated C-terminus (tyrosine).
All the carboxyl groups in pramlintide are amidated,
rendering the molecule cationic (protonated lysine,
histidine, and arginine) at acidic pH. Pramlintide
may be isolated as a sdt with acetate as the
counterion.

As with any drug substance, identifying and
quantitating low levels of related substance impurities
present in synthess lots was a principd focus of the
effort to develop a robust manufacturing process for
pramlintide. Missed couplings, double-couplings, and
L- to D-amino acid isomerizations are cCoOmmon errors
that occur in peptide synthesis to yield, respectively,
sngle-point amino acid deletion peptides, addition
peptides, and diastereomers as rel ated substances of the
desired molecule. Specificaly for pramlintide, the 37-
amino acid length severely complicates detecting single
amino acid modifications and requires highly sdective
andytical test methods for purity determinations.

An injectable, multidose liquid formulation was
developed for pramlintide, conssting of a pH 4.0
aqueous solution of 0.3 to 1.0 mg/mL pramlintide with
mcresol added as an antimicrobid preservative.
Degradation pathways for peptides in acidic agueous
solution frequently involve deamidation at asparagine
and glutamine plus hydrolytic backbone cleavage [5-9].
The 37- amino acid length and the 8 potentid
deamidation dtes of this formulation create a potentia
for many degradation products that differ from
pramlintide by modifications a only a single amino
acid.

Consdering the foregoing, we undertook to develop
high-performance liquid chromatography (HPLC)
methods to determine the following: (1) the overal
percentage purity of pramlintide (by aea
normaization) and (2) the percentage of individua
related substance impurities and degradation products.
The principd method design goas were threefold,
namely to (1) deveop 2 different methods involving
orthogonal separation modes, (2) employ identica
sample preparation steps for both HPLC methods, and

(3) apply both HPLC methods to drug substance and
drug product andysis.

We developed a reverse-phase (RP) HPLC method and
a grong cation exchange (SCX) HPLC method for
andyzing pramlintide acetate drug substance and
pramlintide injection drug product purity. This article
describes the operating parameters and demonstrates
method performance with respect to overdl sdectivity,
orthogona separation, and quantitation of related
substances and degradation products at low levels in
pramlintide acetate drug substance and pramlintide
injection drug product.

MATERIALS AND METHODS
Test articles

Pramlintide was produced by either solid-phase or
solution-phase synthesis, and isolated as a dry powder
in the acetate sdt form. Authentic samples of
pramlintide degradation products and pramlintide D-
isomers were smilarly prepared. Sterile pramlintide
drug product samples were prepared by aseptic
processng & 0.3 to 1.0 mg/mL in pH 4.0 aqueous
solution with m-cresol added as antimicrobial
preservative. The samples were stored in 5-mL glass
vidswith bromobutyl rubber closures.

Abbreviations

For brevity, modified pramlintide structures use the
naming convention [Xxx"], where Xxx is the 3-
character abbreviation for the modified amino acid, and
nn represents the amino acid sequence number in the
pramlintide molecule. For example, the abbreviation
[Asp™] indicates a pramlintide modification in which
the agparagine at postion 21 has been converted to
aspartic acid. Similarly, [D-Leu™] indicates L- to D-
isomerization of leucine a podtion 12. Backbone
cleavage fragments of pramlintide use the naming
convention [nn-mm], where nn represents the N-
terminal amino acid of the pramlintide sequence in the
fragment and mm represents the C-terminus of the
fragment. For example, [1-18] represents the
pramlintide fragment beginning with lysine’ and
ending with histidine™®.



Sample preparation
Working Reference Standard

Pramlintide working reference standard solutions were
prepared (at 0.5 mg/mL in pH 4.0, 30- mM acetate
buffer) from a master reference standard of pramlintide
acetate whose peptide content was established by
quantitative amino acid andyss.

Drug Substance Samples

For both the RP- and SCX-HPL C methods, pramlintide
acetate samples were quantitatively weighed and
diluted to 0.5 mg/mL in pH 4.0, 30-mM acetate buffer
and directly injected (50- mg on column) for andysis.

Drug Product Samples

For both the RP- and SCX-HPL C methods, pramlintide
injection samples were subjected to a solid-phase
extraction step to remove mannitol and m-cresol. A 6-
mL wide-bore C4 cartridge (Mallinckrodt Baker[Q:
Please provide city and date of manufacturer]) was
used. The procedure involved conditioning each
cartridge with acetonitrile and then equilibrating each
cartridge in water. A sample was then injected onto a
cartridge, washed with water, and euted with 40%
acetonitrile in 0.1% trifluoroacetic acid (TFA). The
collected sample was evaporated to dryness and
dissolved in pH 4.0 30-mM acetate buffer a 2 mg/mL.

Force-Degraded Working Reference
Standards

For andyss by RP-HPLC, a working reference
standard solution was acidified to pH 2 with 0.1 N HCI
and hesated to 100 ° C for 30 minutes and rapidly
cooled to room temperature to yield a solution with
agpproximately 80% intact pramlintide remaining. For
andyss by SCX-HPLC, a pramlintide solution made
up in 45 mM agueous sodium acetate pH 7.5 was
heated to 100 ° C for 30 minutes and rapidly cooled to
room temperaiure to yiedd a solution with
goproximately 80% intact pramlintide remaining. This
solution was acidified with 15 mL acetic acid to give a
pH 4.0 solution in 30 MM acetate buffer.

Spiked Samples for Determination of
Quantitation Limits

A 05 mg/mL pramlintide working reference sandard
solution was prepared as described aoove. This working
reference andard solution was then divided and half was
spiked to contain 0.010 mg/mL (ie, 2% of the pramlintide
concentration) of each of 6 degradation products, namely
liso-As?], [AY], [TyrcOOH, [1-18], [30-37], ad
pramlintide dimer. The spiked solution was then diluted
with the unspiked working reference sandard to give
solutions containing 0.5 mg/mL pramlintide, and the 6
degradetion products a 1.0%, 0.50%, 0.25%, 0.10%, and
0.050% of the pramlintide concentration.

Spiked Samples for Determination of
Recovery After Solid-Phase Extraction

A 1.0 mg/mL pramlintide working reference standard
solution was prepared as described above. This
working reference standard solution was then spiked to
contain gpproximately 0.010 mg/mL (ie, 1% of the
pramlintide concentration) of each of 5 degradation
products, namely [iso-As?], [As?], [TyrCOOH"],
[1-18], and pramlintide dimer. The spiked solution was
treated by the solid-phase extraction step described
above and analyzed by 3 different individuas. Spiked
solution not treated by the solid-phase extraction step
was andyzed as acontral.

Force-Degraded Drug Product Samples

A 03mg/mL pramlintide injection drug product
formulation was maintained for 6 weeks a 40° C to yidd
a solution containing intact pramlintide a gpproximetely
86% of initid purity (as determined by the RP- and SCX-
HPLC mehods). This force-degraded sample was
maintained & 5° C until andyzed.

Test system

The test system employed Waters (Milford, MA)
equipment: Mode 616 or 2690 solvent delivery, Model
717 autoinjector (with PEEK low dead-volume kit and
refrigerated sample compartment), Model 486 detector,
Mode 62079 column oven, and either ExpertEaseO or
MilleniumO 2020 integration software from Waters
(Milford, MA).



Reagents

Buffers and solvents were HPLC grade or
equivalent throughout. Chromatography reagents,
sodium  perchlorate,  potassum  phosphate
monobasic, sodium phosphate, sodium hydroxide,
potassium hydroxide, o-phosphoric acid, acetic
acid, and acetonitrile were supplied by Fisher
(Springfield, NJ). TFA was supplied by Pierce
(Rockford, IL).

Method Operating Parameters
HPLC Operating Conditions

Table 1 shows the operating conditions for the RP-
and SCX-HPLC methods.

Table 1. Operating Conditions for RP-HPLC and SCX-
HPLC Methods

Value for Method:

Parameter
RP-HPLC

Solvent Flow Rate [0.5 mL/min

SCX-HPLC
[0.8 mL/min

Detection Wavelength, (220 nm, 1.0 220 nm, 1.0 AUFS

Scde AUFS

Injection Volume 100 L 100 mL
Column Temperature 55+2°C 40+2°C
Autosampler Temperaure |6+ 3°C 6+ 3°C
Column Type Waters Poly LC

SymmetryO C8  [PolySulfoEthyl AO

Column Dimensions (250 x 4.6 mm, 5 |[100 x 4.6 mm, 5
nm particle size, |nmm particlesize,
100 °A poresize |200 °A poresize

Mobile Phases

Table 2 shows mobile phase compositions for the
RP- and SCX-HPLC methods. Table 3 shows the
gradient profile for the RP-HPLC method, and
Table 4 shows the gradient profile for the SCX-
HPLC method.

Table 2. Mobile Phase Compositions for RP-HPLC and
SCX-HPLC Methods

M obile i

[KH2PO4] [NaClQ4], Acetonitrile pH

ehod BZ?erse# mM mM i
RP-HPLC 1 85 0 6.05 3.0
RP-HPLC 2 85 0 22.5 3.0
RP-HPLC 3 85 0 26.9 3.0
SCX-HPLG 1 5 5 40 5.8
SCX-HPLG 2 5 260 40 5.8

* Apparent pH of mobile phase, adjusted after addition of acetonitrile.

Table 3. Mobile Phase Gradient Profile for RP-HPLC
Method.

Gradient|  Flow Bufferl Bufferz Buffer3

Time Rate Curve?
Minutes| mL/min

0.0 05

100 0

. . 100 0 Isocratlc
16.0 05 0 100 0 |[Linear ()
85.0 0.5 0 100 0 Isocratic
100.0 05 0 0 100 | Linear (6)
110.0 0.5 0 0 100 Isocratic
110.5 0.5 100 0 0 Linear (6)
1115 10 100 0 0 Isocratic
116.5 10 100 0 0 Isocratic
117.0 0.5 100 0 0 Isocretic
125.0 0.5 100 0 0 Isocratic
a. Waters Model 616 or 2690 controller.

Table 4. Mobhile Phase Gradient Profile for SCX-HPLC
Method.

Gradient. Flow

Buffer 1 Buffer 2

Time  Rate % Curve®
Minutes mL/min
0.0 0.8 98 2 NA
6.0 0.8 85 15 Linear (6)
6.5 0.8 85 15 Isocratic
24.0 0.8 76 24 Linear (6)
61.0 0.8 76 24 Isocratic
81.0 0.8 12 83 Linear (6)
86.0 0.8 12 88 Isocratic
910 08 93 2 Linear (6)
115.0 0.8 98 2 Isocratic

a. Waters Model 616 or 2690 controller



RESULTS

Representative chromatograms

For the RP-HPLC method,_Figures 2, 3, and 4 show
representative  chromatograms, respectively, for

blank, sample, and force-degraded working
reference standard solution.

Figure 2, RP-HPLC Method Chromatogram of Blank Injection.
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Drug product sample RP-HPLC chromatograms
(not shown) are essentialy identical to_Figure 3
Note the large number of degradation product
species present in_Figure 4 and the excellent
resolution of these species from the intact
pramlintide peak. For the SCX-HPLC method,
Figures 5, 6, and 7 show representative
chromatograms, respectively for blank, sample, and
force-degraded working reference standard solution.
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Drug product sample SCX-HPLC chromatograms (not
shown) are essntidly identical to Fiqure6. As for the RP-
HPLC method chromatograms, many degradation product
pesks are evident in the force-degraded working reference
dandard solution (Figure 7). Furthermore, comparing
Figure 4 with Fiqure 7 reveds that the SCX-HPLC
chromatogram "fingerprint” is didinctly different from the
RP-HPLC mehod fingerprint, indicating ggnificantly
different sdletivitiesfor the 2 HPLC methods

Both sts of chromaograns dso demondrae that
rddivdy long isocraic mobile phese regimens and
redively long pramlintide dution times (goproximatdy 60
minutes for RP-HPLC and gpproximady 50 minutes for
SCX-HPLC) are needed to achieve the desired slectivities

Quantitative method performance

Both the RP- and SCX-HPLC methods were tested to
demondrate method peformance with respect to
accuracy, linearity, recovery, reproducibility, repeatability,
and limits of quantitation. To demondrete linearity for
pramlintide as a function of sample load, pramlintide
working reference sandard solutions at 040, 0.50, and
0.60 mg/mL were assayed and the HPLC area counts
recorded. Least squares linear regression of area count
varsus concentration data demondrated  acceptable
linearity for both the RP-HPLC and SCX-HPLC
methods. Specificdly, the squared corrdation coefficient
(R vaue) for RP-HPLC determination of pramlintide
concentration was 0.991 and the R value for SCX-HPLC
determination was 0.996.

To demondrae linearity for pramlintide degradetion
products, a pramlintide sandard solution was spiked with
authentic samples of 6 known degradation products a
0.05% to 2% of the intact pramlintide and assayed (using
aea normdizaion) for degradation product content.
Table5shows the experimentd results for the RP-HPLC
method and Table 6 shows the results for the SCX-HPLC
method. In dl cases degradation product linegrity was
stisfactory (R >0.998).

Table 7 summarizes the results of RP-HPLC and SCX-
HPLC method repeatability (1 andy4, 1 pramlintidelot, 6
replicate injections) and reproducibility (3 andyds, 4
pramlintide lots, 3 injections) tegting for area percentage
of intact pramlintide and sdected impurities

Indl cases, the precison of pramlintide (rdaive sandard
deviation [RSD]< 0.5%) and of low-leve impurity (RSD
< 11%) determinations was stisfactory.

To demondrate the RP- and SCX-HPLC method limits of
quantitation for pramlintide degradation products, the
goiked solutions described above were assayed (using
area normdization) for degradation product content.
Table 8 shows the experimental results for the RP-
HPLC method and supports a quantitation limit of
0.1% for 5 of the 6 tested degradation products.

Table 5.RP-HPLC Method Linearity of Degradation Products

Spiked Into Pramlintide Reference Standard Solution

Area Count For Spiked Degradation Product =

Aflssr?z-l] [TOyL(B»:?? [Aspl] Dimer

Nomind RRT® RRT® RRT® RRTP= RRT® RRT®
% =019 =043 T 110 =12 =17

2.0 | 1226544 | 1243859 | 1252864 | 1198559 |1375444] 1159040
10 | 612277 | 632792 | 618184 | 588916 |698420( 552282
050 | 300220 | 312319 | 306324 | 284899 (329671 | 235888
0.25 | 151069 | 157652 | 151255 | 155270 |166770| 103916
0.10 | 59745 | 65689 | 59559 | 67656 | 66506 | 33356
0.05 | 28327 | 32976 | 29029 | 28249 | 29708 | 12338
- - - - y= y=
Equatiort 63y6047 63y6112 63y7367 63y3592 640141 651358

(X) —2602(x) + 3299(x) - 4940 (x) - 711 5(2236 32(35)-1

R 1.0000 | 0.9999 | 1.0000 | 0.9996 | 0.9998 | 0.9987

a. Expressed as a percentage of intact pramlintide peak.
b. RRT = retention time relative to intact pramlintide
c. Least Squares regression of area counts (y value) versus spike level (x value).

Table 6. SCX-HPLC Method Linearity of Degradation
Products Spiked Into Pramlintide Reference Standard
Solution

Spike

Spike
Level [30-37] [1-18]

Area Count For Spiked Degradation Product =

Leve . [1-18] Dimer

Nominal =0} RRTb RRTb
%2 . ’ =13 =16

2.0 720393 | 822660 | 757480 [830754|782990| 500274
1.0 358923 | 419397 | 382381 |423789|396734| 264701
050 171796 | 197783 | 176021 | 190174|183953| 134770
0.25 85089 101809 | 90836 | 96882 | 90367 | 68145
010 30792 42470 37735 | 38763 | 26963 | 25181
0.05 15335 24764 | 21588 | 21551 | 14680 | 10729
- - y= y= y= y=

%X") iugggs y(;)‘il‘a’fﬁl 416826 [418954( [421786( 416932(x)
(X) - 2699|x) - 5265|x) - 8992 + 4141
R? 0.9999 0.9997 | 0.9995 [ 0.9993| 0.9997| 0.9988

a. Expressed as a percentage of intact pramlintide peak.

b. RRT = retention time relative to intact pramlintide
c. Least Squares regression of area counts (y value) versus spike level (x value).

Equation®




Table 7. SCX-HPLC and RP-HPLC Method Repeatability
and Reproducibility

Analyte% Purity
(Meanx % Rdative Sandard Deviation)

Experim Pram- For

validation - -y lintide

Parameter . Method i .
Design Lo [N Ty RRT
=109 )
RP- 954+006 | 076+ 4
ability | Person, | HPLC 068
OnelLat,
Sx SCX- 5 | 985+004 P 031+258
Injection | HPLC
gLot
Reproduc- | 3Labs, | RP- 1 | 973+024 [036+93 2
ibility Four | HPLC
Lots
Three | RP- 2 | 967+032 [074+37 d
Injection | HPLC
gLot
RP- 3 978+023 ¢ @
HPLC
RP- 4 | 950+016 [ 059+11 ¢
HPLC
SCX- 6 | 97.0+029 b e
HPLC
SCX- | 2 | w.4+0m ° c
HPLC
SCX- 4 | 9%62+042 P 160+6.7
HPLC
SCX- 5 985 0.14 ° 036+39
HPLC

a. There is no detectable impurity peak at RRT = 0.86 by the RP-HPLC method

b. There is no detectabel impurity peak at RRT = 1.09 by the SCX-HPLC method.

c. There is no detectable impurity peak at the indicated retention time in this lot of
pramlintide.

Table 8. RP-HPLC Method Recovery of Degradation
Products Spiked Into Pramlintide Working Reference
Standard Solution

% Recovery (+ % RSD)® For:

21
118 |[oAp?) |yoco] A9 | pime
RRT°=043 RRT=077|RRT°=0110 012 RRT®=17
10 J100+00§ 102+02 | 92+07 | 988+08 |102+06| 95.8+4
050 993+01] 102+02 | 9.2+05 9%5+1 |[971+2| 825+1
0% (989+05 102+02 | 970+02 | 104+04 |[974+3| 721+2
010 (983+06 106+00 | 9%6.1+1 114+4 | 972+5| 58+8
006 |938+3| 107+1 939+2 953+39 | 874+6| 43+10
Mean+
YRD
(1t00.1%
Spike)
Meenz
YRD
(1to005%
ik
a. Expressed as a percentage of intact pramlintide peak.
b. Mean and %RSD for five injections, except for 0.10% and 0.05% spike levels
(three injections).
c.  RRT =retention time relative to intact pramlintide.

992+09 103+2 97.9+2 1037 985+3 | 77.1+21

981+3| 104+2 97.1+2 102+7 9%6.2+6 [ 70.3+29

The exception, pramlintide dimer, has a quantitation
limit of approximately 0.25% by the RP-HPLC
method. Table 9 shows the results for the SCX-
HPLC method and supports a quantitation limit of
0.1% for al 6 of the tested degradation products.

Table 9. SCX-HPLC Method Recovery of Degradation
Products Spiked Into Pramlintide Working Reference
Standard Solution

overy (+ % RSD)° For:
S [ASJ] [Tyrcm_fﬂ] (115 i
RRTC | RRT® RRT=072 RRT® | RRT®
10 |996+07|102+06| 101+1 102+1 | 101+ 2| 106+ 2
050 [951+06[(%60+04927+03] 91.3+3 [938+0.1 108+3
025 [939+08|983+0.49%53+05 928+1 |91.8+2| 108+4
0.10 851+1| 103+3| 98+2| 932+3 |692+3| 101+7
005 |[861+00| 119+3| 112+ 3 103+8 |752+ 1(856+ 13
Meen+
YRD
(1t001%
Spike)
MertYRID
(to0B% | 920+7 | 104+9| 100+8 | 9%65+6 [863+1q 102+9
kg
a. Expressed as a percentage of intact pramlintide peak.
b. Meanand %RSD for five injections, except for 0.10% and 0.05% spike

levels (three injections).
¢. RRT = retention time relative to intact pramlintide.

To demondrate recovery of degradation products fter the
licphase extraction procedure used for drug product
samples a pramlintide solution spiked to goproximatdy
1.0% with 5 degradation products was andyzed by RP-
HPLC and SCX-HPLC before and ater gpplication of the
licdphese  extraction procedure Tables 10 and 11
aummaize the daa ad demondrate that.except for
pramlinide dimer, which showed somewha lower
recoveries, the degradation product detlerminations were
essntiadly unaffected by the solicHphase extraction Sep.

9B4+7 | VO+3| 972+4| 948+5 |891+14 106+3

Table 10. RP-HPLC Determination of Recovery of
Degradation Products Spiked Into Pramlintide Reference
Standard Solution After Solid-Phase Extraction

Sample  Area % for Analyte =

[i0AD™ ] [TrCOOH™] A9 Dimer

2 - 077 |[RRT?=0110 [RRT?=012 [RRT3=17
Cortrd® |0. 0.75  [0.99 0.84 0.49
Andy=1(0.56 075  |1.00 0.84 0.29
Andy=2(0.55 074  |1.00 0.84 0.25
/Andy=3[0.53 074 |0.95 0.82 0.21

a.  RRT =retention time relative to intact pramlintide.
b.  The control sample was not subjected to the solid-phase extraction step.



Table 11. SCX-HPLC Determination of Recovery of
Degradation Products Spiked Into Pramlintide Reference
Standard Solution After Solid-Phase Extraction

- oA |[TycooH"]  [Ag | Dimer
RRT?=043 | RRT?*=077 RRT?>=0110 RRT*=012 RRT*=17
Control 0.61 0.66 0.95 0.68 0.26

Andys 1 0.61 0.65 0.96 0.67 0.16

Andys 2 0.62 0.65 0.95 0.67 0.13

Andys 3 0.63 0.65 0.92 0.66 0.12

a RRT = retention time relative to intact pramlintide.

b. The control sample was not subjected to the solid-
phase extraction step.

Method Selectivity

Extensve studies with the RP- and SCX-HPLC
methods demonstrated suitable resolution for both
methods with respect to separating pramlintide from
various related substance impurities in drug substance
gynthesis lots and degradation products from stress
testing of drug substance. For brevity, these data are
not shown. Rather, to demongtrate overall selectivity
for the RP-HPLC method, Figure 8 shows a
representative chromatogram for a force-degraded
pramlintide injection drug product sample (86% of
initia purity remaining).

Figure 9 shows the corresponding SCX-HPLC
method chromatogram for the same force-degraded
drug product sample. Note the digtinctly different
"fingerprints' for the 2 methods and the large number
of species that resolve from the intact pramlintide
pesk in both methods.

A comparison of Figure 8 with Figure 4 (the
corresponding RP-HPLC method chromatogram for
force-degraded working reference standard solution)
shows comparable fingerprints and indicates that the
solid-phase extraction sample preparation step used
for drug product samples does not sgnificantly
perturb the hydrolytic degradation product profile.

A previous report [10] identified degradation products
that result from 40° C dress testing of pramlintide
injection drug product samples. Table 12 ligs the
identified pramlintide injection degradation products
and their retention times (relative to pramlintide) by
the RP- and SCX-HPLC methods.

ligure 8. KP-HPLC Method Chromutogram of Foree-Degrivded (6 wecks ol 40 20
Fromlintide Drug Produel.

Table 12. RP-HPLC and SCX-HPLC Relative Retention
Time Data for Pramlintide Drug Product Degradation
Products

| dentity? Rdative® Retention
TimeBy Method:

RP- SCX-

HPLC HPLC
[iApT 060 037
AT 14 058
[ApY +[ioApY| 045 046
lisoADF 077 060
[AT 121 065
[isoA4 098 062
A9 12 063
[iADT 103 069
[AgT] 108 073
[TyrCOOH™] 110 072
1-18) 043 127
1-19 048 12
[1937] 039 007
[20:37] 039 0060

a. See Materials and Methods section for key to abbreviations used.
Identification data from reference 9.

b. Retention time relative to pramlintide retention time.

Table 12 clearly demondrates very different RP-
versus SCX-HPLC sdlectivities toward the degradation
products, thereby demongrating the orthogona nature
of the two separation techniques. For example, [ASY’]
elutes with relative retention time (RRT) = 1.4 by RP-
HPLC and RRT = 0.58 by SCX-HPLC. Conversdy,
the [1-18] fragment eutes with RP-HPLC RRT = 043
and SCX-HPLC RRT = 1.27. Note aso that severa
species do not resolve from pramlintide (RRT = 1.0) by
one HPLC method but resolve well by the other. Thus,
by applying only the 2 orthogond HPLC methodsiit is



possble to be highly confident of detecting dl the
degradation product species.

Table 13 shows relative retention time data for
authentic samples of 7 different pramlintide
diastereomers. As aso seen for the degradation product
andysessummarized in Table 10, thedatain Table 13
demondtrate different RP- and SCX-HPLC sdectivities
for severd of the D-isomers.

Table 13. RP-HPLC and SCX-HPLC Relative Retention
Time Data for Pramlintide Diastereomers

Diastereomer® Relative® Retention Time

By Method:
RP-HPLC | SCX-HPLC

[D-Leu®] 0.49 0.79
[D-Al®, D-Al&?] 0.49 0.79
D-Ald® 0.63 0.88
D-Ala” 0.56 0.83
[D-Tyr] 1.00 1.00
[D-Lys] 0.97 0.92
[D-Cys7 0.94 1.00

a. See Materials and Methods section for key to abbreviations used
b. Retention time relative to pramlintide retention time.

DISCUSSION

The RP-HPLC method developed for pramlintide
purity analysis uses conventional column material
and mobile phase compositions. The long isocratic
portion of the gradient program affords excellent
separation between pramlintide and its degradation
products and related substance impurities, albeit at
the expense of areatively long run time.

The SCX-HPLC method was chosen in anticipation
[5-8] of deamidation as the primary degradation
mode for the pramlintide drug product.
Deamidation reactions at asparagine, glutamine, and
C-termina tryosine amide yield a unit charge
decrease for the molecule at acidic pH, suggesting
ion exchange chromatography as an appropriate
separation mode for analysis. As with the RP-HPLC
method, the SCX-HPLC method employs a lengthy
isocratic section in the gradient program and
features arelatively long run time.

Although the long run times are impractical, it was
possible to simplify the overall analysis scheme and

achieve dignificant operating efficiencies by
developing two methods that share a common
sample preparation and that apply both to drug
substance and drug product samples.

Concerning RP- and SCX-HPLC  method
guantitative performance, Tables 5 through 9
demonstrate that the methods perform satisfactorily
with respect to accuracy, linearity, recovery, limit of
guantitation, and precison (repeatability and
reproducibility). Similarly, Tables 8 and 9
demonstrate suitable recovery and precision for 6
different degradation products at levels as low as
approximately 0.1% of intact pramlintide. A
possible exception is the pramlintide dimer (the
latest-eluting species by both the RP- and SCX-
HPLC methods). Tables 8 and 9 demonstrate
reasonable recovery and precision for pramlintide
dimer at levels as low as approximately 0.25%.

Figures 8 and 9 demonstrate the complexity of
anayzing degraded pramlintide drug product
samples and aso give some evidence for
differential selectivity between the RP- and SCX-
HPLC methods based on the distinctly different
chromatographic profiles for identical samples.
Table 12 clearly demonstrates the differential
method selectivities insofar as most individua
degradation product species exhibit significantly
different relative retention times on the RP- versus
the SCX-HPL C methods.

Similarly, the RP- and SCX-HPLC methods offer
partia diastereospecificity with respect to 7
different pramlintide diastereomers. Thus [D-
Leu™], [D-Ala®, D-Al&?], [D-Al&f], and [D-Ala’]
resolve well from pramlintide and show different
relative retention times on RP- versus SCX-HPLC
methods. The [D-Tyr®/], [D-Lys'], and [D-Cys?]
species however, resolve poorly from pramlintide
on both SCX-HPLC and RP-HPLC methods,
indicating that isomerization near the N- or C-
termini of the pramlintide molecule does not form a
ready basis for diastereospecific separation.

In summary, the complexity of quantitating low
levels of closaly structurally related impurities and



degradation products in the 37- amino acid peptide,
pramlintide, requires application of very highly
sdlective HPLC techniques. Additionaly, more
complete characterization of pramlintide impurity
and degradation product profiles is provided by
multiple methods that provide some orthogonality
with respect to separation mode. The RP- and SCX-
HPLC methods described herein adequately satisfy
these analytic requirements.
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