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Synopsis

The increasing interest in the pharmaceutical use of peptide factors in human medicine
presents formidable challenges for peptide chemistry. Fully reproducible multistage syn-
theses with a definite assessment of the degree of purity represent the crucial premise for
the introduction of peptide factors as pharmaceuticals. Extensive studies of the stability
of peptidic material on storage allows identification of the most suitable form of adminis-
tration. Nevertheless, the high clearance rate of peptides as pharmaceuticals presents new
challenges for improvement by structural modification of resistance to enzyme degradation
without creating new problems related to metabolites.

INTRODUCTION

After years of stagnation, peptide factors are regaining great importance
as powerful pharmaceutical agents both in diagnosis and in therapy. From
structure—function studies of a series of biologically active peptides, it is
known that even slight structural changes can provoke drastic modifications
both in the potency and in the activity profile. Therefore, the pharma-
ceutical use of peptides strongly implies an unequivocal control of their
state of purity and extensive studies of their stability on storage and of their
form of application.

One main difficulty in the control of purity in the case of peptide factors
arises from the fact that no reference substance characterized by 100%
purity is available. Additionally, depending on the production method,
i.e., by isolation from natural sources, chemical synthesis, semisynthesis
or gentechnological procedures, the resulting peptide preparations may
contain side products or contaminants of a completely different nature.
Thus, to qualify such peptide preparations as of high purity—a quality
indispensable for their pharmaceutical use—a large spectrum of analytical
tests of differentiated specificity has to be performed. Nevertheless, a final
judgment will only be possible on the basis of the greatest probability and
this only until a new analytical method may demonstrate the opposite.
However, standardized procedures, both in the isolation of the natural
products and in the different synthesis strategies, may simplify analytical
control of peptide preparations once the most efficient and significant as-
says have been specifically elaborated.
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CRITERIA OF PURITY

This analytical process and the related critical aspects are exemplified
on synthetic somatostatin-14, a peptide factor! that in a short time has
become an important pharmaceutical with several different therapeutical
applications.?

As already traditional, the material obtained by chemical synthesis? in
the first instance was analyzed by thin-layer chromatography (TLC) and
high-performance liquid chromatography (HPLC). This was followed by
amino acid analyses, both qualitative and quantitative, of the acid and
aminopeptidase-M hydrolysates with concomitant determination of the
peptide contents and of the recoveries from the enzymatic digests. In this
context, it is noteworthy that different conditions of hydrolysis may lead
to different results. Thus, the most indicative conditions of hydrolysis have
to be experimentally determined by comparative studies for any new
peptide preparation. In the case of somatostatin-14, the amino acid
analysis of the aminopeptidase-M digest was found to produce more sig-
nificant values than the analysis of the acid hydrolysate, even if performed
under different standardized conditions.* Consequently, for an analytical
comparison of different somatostatin-14 samples, the acid hydrolysis was
performed in the presence of 2.5% thioglycolic acid® to recover tryptophan
and in the absence of this additive for reliable evaluation of the serine
(Table I); the values for tryptophan and cystine, however, were more pre-
cisely determined by analyses of the enzymatic digests, as shown in Table
II. Unfortunately, asparagine is partly hydrolyzed in the incubation media,
preventing an exact determination of possibly partially desamidated so-
matostatin-14. Valuable analytical information results from comparison
of the values related to peptide content and to recovery from enzymatic
digestion (Table III). For most of the somatostatin-14 samples analyzed
these values coincide fairly well within the limits of error of this analytical
procedure. The limits of error of the quantitative amino acid analysis are
at least 2-3%.

TABLE 1
Amino Acid Analyses of Acid Hydrolysates® of Different Somatostatin-14 Samples
Diamalt-
Serono CuraMed  Clin Midy  Genentech UCB Bachem
A B A B A B A B A B A B

Asp  1.01 .01 102 107 100 119 097 1.08 1.01 1.00 101 1.14
Thr 1.98 1,98 202 199 198 192 193 193 194 193 198 1.96
Ser  0.96 088 097 085 094 085 093 083 097 088 095 087
Gly 1.00 .00 101 1.00 1.00 098 1.00 1.00 1.00 100 1.00 101
Ala  1.00 1.00 099 1.00 1.00 1.02 101 1.00 100 1.00 1.00 1.01
Phe 292 291 299 310 290 282 292 291 294 294 296 290
Lys 196 1.92 206 196 199 190 202 198 191 193 205 194

Trp - 0.92 — 1.00 — 1.03 — 0.94 - 0.96 — 1.04
a Acid hydrolysis: A, 6M HCI, 24 h, 110°C; B, 6M HCI, 24 h, 110°C; 2.5% thioglycolic
acid.
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TABLE 11
Amino Acid Analyses of Aminopeptidase-M Digests® of Different Somatostatin-14
Samples

Diamalt-Serono CuraMed Clin Midy Genentech UCB Bachem

Asn + Aspb 0.99 1.04 1.10 0.97 0.90 1.07
Thr 1.99 1.99 2.01 1.99 1.96 1.98
Ser 1.02 1.01 1.03 0.99 0.96 1.02
Gly 0.97 1.00 0.99 1.03 0.99 0.97
Ala 0.96 1.00 1.01 1.03 1.01 1.03
(Cys)e 0.98 0.97 0.92 0.96 0.96 1.02
Phe 2.93 3.09 3.09 3.07 2.97 3.09
Lys 2.11 2.01 2.04 1.98 2.00 2.04
Trp 1.02 0.92 1.01 0.97 0.97 1.00

@ Aminopeptidase-M digestion: Sigma AP-M, 37°C; 24 h.
b Agpartic acid is formed by desamidation in the incubation media; the observed values
correspond to those obtained with asparagine.

The peptide content determined by amino acid analysis constitutes basic
information that is then used for most of the physicochemical, biological,
and immunological assays. Therefore, the results of these analyses, even
if the methods applied a priori possess a higher degree of precision, are
characterized by a limit of error that can not be lower than 2-3%.

Additionally, the various analytical methods exhibit different quanti-
tative specificity versus the possibly accompanying substances, impurities
etc. An example in this context is given by the differentiated sensitivity
of the HPTLC and HPLC of a series of somatostatin-14 samples (Figs. 1
and 2). The Stilamin ampules contain a large amount of mannitol, which
is weakly visualized by means of the chlorine test and hardly detected in
HPLC because of the low absorption of this alcohol at 280 nm. On the other
side, the high degree of purity of the Genentech material, as judged by
HPTLC, is not confirmed by the HPLC as shown in Fig. 2. In fact, several
well-separated uv-absorbing contaminants are revealed in the elution
profile. A quantitative determination of the contaminants by integrating
the peak areas gives only approximate values, since their absorption coef-
ficients are unknown. Thus, for our somatostatin-14 preparation the
pooled side fractions presenting visible impurities on HPLC and HPTLC

TABLE 111
Peptide Contents and Digestion Rates of Different Somatostatin-14 Samples®

Diamalt-
Serono CuraMed Clin Midy Genentech UCB Bachem
Peptide content 77.4 79.9 87.6 59.7 87.5 78.6
(+£3%)
Digestion rate 717.8 76.4 79.2 61.2 847 73.0
(£3%)

# Determined by quantitative amino acid analysis (M, = 1637.94).
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Fig. 1. HPTLC of somatostatin-14 samples on precoated silica gel-60 plates (Merck
AG, Darmstadt). Solvent system: 1-butanol/acetic acid/water/pyridine (45:10:20:15); 40

ug/sample. Columns: 1, Stilamin (Serono); 2, Diamalt; 3, Curamed; 4, UCB; 5, Clin Midy;
6, Genentech.
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Fig. 2. HPLC of somatostatin-14 samples on u-Bondapak C18 (30 X 0.4 cm); eluent: ac-
etonitrile/0.2M ammonium acetate (pH 4.0); 29:71 (v/v); flow rate, 1.3 mL/min.
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were chromatographed on a Lobar RP-8 column; the impurities were sep-
arated, pooled again, and then found to represent less than 1% on a weight
basis.? Consequently, the main somatostatin fraction, wherein these im-
purities could not be detected by the above-mentioned methods, should
exhibit a correspondingly higher degree of purity.

To summarize our experiences in the case of somatostatin-14, prior to
its use in human medicine, a whole set of analyses has to be performed as
follows:

Chromatographic Methods

1. Amino acid analysis of acid and enzymatic hydrolysates;

2. Gas-chromatographic analysis of the derivatized acid hydrolysate
on Chirasil-Val glass capillary columns for postsynthetic chiral analysis
(Table IV);

3. TLC on normal and high-performance precoated plates in different
solvent systems;

4. HPLC possibly using different reversed-phase supports and eluent
systems with qualitative and quantitative runs to confirm the total elution
of applied material;

5. Electrophoresis on supports or in the free-flow systems to make
additional characterization of the homogeneity of the substance on the basis
of its mobility;

6. Micropreparative gel filtration to detect polymeric forms in the case
of somatostatin-14.

Spectroscopic Methods

1. Uv measurements;

2. Nmr to detect, via 1H and 3C resonance, possible synthetic side
products such as alkylated tryptophans or residual protecting groups,
etc.;

3. Ir to detect possible column material resulting from the chromato-
graphic steps (repeated Millipore filtrations on 0.2-um filters were found
to be useful to avoid such contaminations);

4, Chemical ionization, field desorption and fast-atom bombardment

TABLE IV
Gas-Chromatographic Separation of Amino Acid Enantiomers of the Acid Hydrolysates
of Different Somatostatin-14 Samples?

D-Amino Acid Diamalt-Serono CuraMed UCB Genentech Clin Midy Bachem

Ala <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Lys 1.5 1.8 1.8 1.5 21 1.8
Asp 3.3 29 3.1 3.0 3.4 3.0
Phe 1.0 1.4 1.7 0.7 1.3 1.4
Trp <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Thr <0.5 <0.5 <0.5 <0.5 <0.5 <0.56
Ser <0.5 2.7 0.6 <0.5 <0.5 <0.5

4 Acid hydrolysis in 6M HCl at 110°C, 20 h. Derivatization to N-pentafluoropropionyl
amino acid isopropylesters and gas-chromatographic separation on a glass capillary column
coated with N-propionyl-L-valine tert-butylamide polysiloxane according to Ref. 10.

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




