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ABSTRACT: The similarity of an intranasal salmon calcitonin (sCT) employing
chlorobutanol as preservative (Calcitonin Salmon Nasal Spray) was compared to the
reference listed drug (RLD) employing benzalkonium chloride as preservative (Miacal-
cin1 Nasal Spray). Various orthogonal methods assessed peptide structuring, dynamics,
and aggregation state. Mass spectrometry, amino acid analysis, and N-terminal sequen-
cing all demonstrated similarity in primary structure. Near- and far-UV circular
dichroism (CD) data supported similarity in secondary and tertiary sCT structure.
Nuclear magnetic resonance studies further supported similarity of three-dimensional
structure and molecular dynamics of the peptide. Other methods, such as sedimentation
velocity and size exclusion chromatography, demonstrated similarity in peptide aggre-
gation state. These latter methods, in addition to reversed phase chromatography, were
also employed for monitoring stability under forced degradation, and at the end of
recommended shelf storage and patient use conditions. In all cases and for all methodo-
logies employed, similarity to the RLD was observed with respect to extent of aggrega-
tion and other degradation processes. Finally, ELISA and bioassay data demonstrated
similarity in biological properties. These investigations comprehensively demonstrate
physicochemical similarity of Calcitonin Salmon Nasal Spray and the RLD, and should
prove a useful illustration to pharmaceutical scientists developing alternative and/or
generic peptide or protein products. � 2009 Wiley-Liss, Inc. and the American Pharmacists

Association J Pharm Sci 98:3691–3706, 2009
Keywords: nasal drug delivery; nucle
ar magnetic resonance (NMR) spectroscopy;
physical characterization; physicochemical properties; regulatory science; stability
INTRODUCTION

The concept of demonstrating similarity is impor-
tant for development of alternative and/or generic
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dosage forms of biotherapeutics.1,2 This informa-
tion is a critical part of demonstrating product
quality when proposing changes in active pharma-
ceutical ingredient source and/or manufacturing,
formulation, drug product manufacturing, and/or
final packaging.3 Such testing should include
evaluation of relevant primary, secondary,
tertiary, and quaternary structures, as well as
other important physicochemical and biological
properties. Other studies to consider include the
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effect of various storage conditions on product
degradation, for example, aggregation.4 Aggre-
gates may promote immunogenicity of therapeu-
tic protein formulations,4,5 which in turn poses a
potential safety concern. In a widely discussed
example, hundreds of patients administered with
recombinant human erythropoietin have devel-
oped pure red-cell aplasia (PRCA) due to the
formation of neutralizing antierythropoietin
antibodies crossreactive with the endogenous
protein.6

The product under investigation herein is the
therapeutic peptide salmon calcitonin (sCT), for
which there is only 50% homology to the human
form.7 Because the peptide is not of human origin,
40–70% of subjects who have been exposed to sCT
for 6 months generate an antibody response.8

Importantly, and very much unlike the well-
discussed case of erythropoietin discussed above,
in the case of sCT there have been no reports of
crossreactivity with the endogenous human
peptide.9,10

Even so, for the current investigation it was
imperative to compare an intranasal formulation
of sCT, Calcitonin Salmon Nasal Spray, which
contains 2.5 mg/mL chlorobutanol as preservative
compared to the reference listed drug (RLD;
Miacalcin1 Nasal Spray) which contains 0.1 mg/
mL benzalkonium chloride as preservative. Both
products are aqueous solutions containing 8.5 mg/
mL sodium chloride, pH �3.5–4.0, provided as
glass bottles affixed with actuators in use suitable
to deliver 30 doses daily of 91 mL containing
200 IU sCT. Similarity of the two formulations
was examined by employing a battery of suitable
experimental strategies, including assessments of
primary, secondary, and tertiary structure, sta-
bility under various storage conditions (including
potential for aggregation), and assay of biological
properties.
EXPERIMENTAL

Materials

Synthetic sCT was purchased from Bachem
Americas, Inc. (Torrance, CA). sCT reference
standard, namely Calcitonin Salmon, European
Pharmacopeia (EP) Standard, was purchased
from the European Directorate for the Quality
of Medicines & Health Care (Strasbourg, France).
All other chemicals used in the study were
obtained from commercial suppliers. Calcitonin
JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 98, NO. 10, OCTOBER 2009
Salmon Nasal Spray was manufactured by
Nastech Pharmaceutical Company, Inc. (Bothell,
WA), and Miacalcin1 Nasal Spray was manufac-
tured by Novartis Pharmaceutical Corporation
(East Hanover, NJ).
Methods

LC-MS

LC-MS was accomplished using reversed-phase
HPLC (RP-HPLC) with peak collection and
matrix-assisted laser desorption time-of-flight
(MALDI-TOF) mass spectrometric analysis per-
formed on an Applied Biosystems Voyager,
System 1054. The RP-HPLC column was a C18,
120 Å, 5 mm, 4.6 mm� 150 mm. Mobile phase A
was 0.05% trifluroacetic acid (TFA) in water and
mobile phase B was 0.05% TFA in acetonitrile.
The flow rate was 0.5 mL/min. The matrix used for
MALDI-TOF was a-cyano-4-hydroxycinnamic
acid. The mode of operation was linear and the
polarity was negative ion. Accelerating voltage
was 20 kV, laser intensity was 1647, and 50 shots
were taken per spectrum at a rate of 3.0 Hz, which
ranged from 500 to 8000 Da.

RP-HPLC

RP-HPLC was accomplished employing a Waters
Alliance 2695 system and a Phenomenex, Luna,
5 mm, 3.0 mm� 150 mm C18 column. The column
temperature was 508C, the flow rate was 1.0 mL/
min, the injection volume was 25 mL and detection
was accomplished at 210 nm. The sample run time
was approximately 25 min. The mobile phase was
comprised of a Component A [2:5:93 (v/v/v) 1 M
tetramethylammonium hydroxide/acetonitrile/
water, pH 2.5] and Component B [8:500:492 (v/v/v)
1 M tetramethylammonium hydroxide/acetoni-
trile/water, pH 2.5] applied as a linear Gradient of
A/B from 70:30 to 47:53 in 20 min. Samples were
run in duplicate. Standards included Calcitonin
EP standard, CS1728 (an oxidized form of peptide,
with no disulfide linkages present), and CS1729
(an acetylated peptide form).

Amino Acid Analysis (AAA)

AAA was performed by the Waters Corporation
AccQ-Tag method. After hydrolysis of the peptide
by incubation in 6 M HCl for 24 h at 1108C to
create single amino acids, each amino acid was
derivatized with a proprietary fluorescent tag,
DOI 10.1002/jps



SIMILARITY STUDY OF CALCITONIN SALMON NASAL SPRAY 3693
separated using RP-HPLC, and detected by
fluorescence.

N-Terminal Sequencing

N-terminal sequencing was performed using
Edman degradation chemistry on an ABI model
492 Procise HT protein sequencer. The sample
was loaded into the cartridge, rinsed with ethyl
acetate, dried, and sequenced.

CD Spectroscopy (Near- and Far-UV Regions)

CD spectroscopy measurements were carried out
employing a Jasco J-715 spectropolarimeter at
room temperature using 1 cm cell for the near-UV
CD and 0.02 cm cell for the far-UV CD. For
thermal melting, 0.1 cm cell was used. The
temperature was controlled using a Peltier cell
holder and a PTC-348WI temperature program-
mer. The solvent spectrum was subtracted from
the sample spectrum. For some cases, the
subtracted spectrum was converted to the mean
residue ellipticity using the path-length of the
cell (1 or 0.02 cm), the protein concentration
(0.367 mg/mL), and the mean residue weight of
107 Da. The mean residue ellipticity was used for
the secondary structure analysis.11

Nuclear Magnetic Resonance (NMR) Studies

NMR spectroscopic measurements were carried
out on Calcitonin Salmon Nasal Spray and the
RLD. Samples were analyzed employing a Bruker
AV-600 cryoprobe NMR instrument at 600 MHz.
Prior to NMR spectroscopy, D2O was introduced
for spectrometer locking and 2,2-dimethyl-2-
silapentane-5-sulfonic acid (DSS) for chemical
shift calibration by adding 10 mL of a 3 mM DSS/
D2O and 20 mL of 99.9% D2O to each 470 mL
calcitonin sample, for a total volume of 500 mL.

The 1D spectra were recorded for the T2�

experiment based on a procedure described else-
where.12 The T2� experiment utilizes a Carr-
Purcell-Meiboom-Gill (CPMG) pulse sequence
which consists of a 908 pulse followed by a train
of 1808 pulses for various number of cycles (n). In
this experiment n¼ 2, 10, 20, 50, 100, 150, 200,
300, 400, 800. This results in acquisition times
between 0.04 and 16 s. Due to the nature of the
solvent, the pulse sequence was altered for water
suppression. This was accomplished by utilizing
presaturation at the water resonance prior to the
908 pulse, as well as (3–9–19)-WATERGATE,
following the train of 1808 pulses, just prior to
DOI 10.1002/jps JOURN
acquisition. The experiment was completed at
283 K and was optimized using a reference
solution of 250 mM sCT in saline, pH 3.5� 0.3.
The pulse sequence described was utilized for both
Calcitonin Salmon Nasal Spray and the RLD.

The DSS Me3Si-signal served as both an
internal peak intensity reference and chemical
calibration standard. In the t¼ 0.4 s experiment,
the DSS Me3Si-signal had decayed to 88.5� 0.5%
of its observed intensities at t¼ 0.04 s time point.
The intensities of all other peaks were based on
their relative intensities versus this peak inten-
sity calibration and decay rate.

All 2D spectral experiments were set up to
acquire 512 experiments (t1 points) at a resolution
of 4096 points in the direct dimension. As a result,
multiple determinations of chemical shift values
derived from the v2 scale should accurate to
�0.006 ppm while those derived exclusively from
the v1 dimension are accurate to �0.015 ppm. The
actual number of t1 points utilized in each
experiment is given below. All experiments at
283 K utilized 64 scans per t1. TOCSY spectra at
308 K employed only 8 scans per t1 and, as result,
display lower signal-to-noise ratio. The TOCSY
spectrum employed a 60 ms MLEV-17 spinlock13

and the NOESY spectrum had a 150 ms mixing
time. These methods have been detailed in
previous publications.14–16

Field Flow Fractionation (FFF)

FFF was conducted on an Eclipse system (Wyatt
Technology Corporation, Santa Barbara, CA). A
300 Da polyethersulfone (PES) membrane was
employed. The mobile phase for each run was a
matching aqueous solution devoid of peptide. The
injection volume was 100 mL, and detection
accomplished by monitoring absorbance at
200 nm. The channel flow rate of 1.0 mL/min,
and the cross flow rate was 3.0 mL/min.

Differential Scanning Calorimetry (DSC)

DSC was accomplished employing a MicroCal VP-
DSC calorimeter with Ultrasensitive VP-DSC
MicroCalorimetry Cell. Samples run included
Calcitonin Salmon Nasal Spray, the RLD, and
solutions prepared of identical formulations but at
10-fold higher peptide concentration, approxi-
mately 3.667 mg/mL, which is well within the
standard concentration range for analyzing pro-
teins with DSC.17–19 The starting temperature
was 18C with a final temperature of 1108C
achieved by heating at 608C/h. For each
AL OF PHARMACEUTICAL SCIENCES, VOL. 98, NO. 10, OCTOBER 2009
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experimental scan, data were normalized by scan
rate, the appropriate reference scan was sub-
tracted, and data were then normalized by sCT
concentration.

Sedimentation Velocity (SV)

SV was carried out on a Beckman-Coulter
ProteomeLab XL-I analytical ultracentrifuge,
using 2-channel charcoal-epon centerpieces with
a 3 mm optical path length and an AN-60Ti
analytical rotor using absorbance scans at
229 nm. For the samples of drug product, the
rotor speed was 55000 rpm, the temperature was
218C, and scans were collected approximately
every 9 min for �14 h. For the postexpiration and
‘‘in-use’’ samples, the rotor speed was 60000 rpm,
the temperature was 208C; scans were recorded
every 5 min for 5 h and then the scan rate was
reduced to every 15 min for an additional 10 h.

Data were analyzed using the c(s) (sedimenta-
tion coefficient distribution) method.20 About
42000 raw data points for each sample were
directly fitted to derive the distribution of
sedimentation coefficients. A partial specific
volume (v) for calcitonin (0.7239 mL/g) was
calculated from the amino acid sequence using
the program SEDNTERP.21 The experimentally
measured density and viscosity at 208C for
Calcitonin Salmon Nasal Spray (values of
1.00501 g/mL and 1.0179 cp, respectively) and
the RLD (values of 1.00453 g/mL and 1.0113 cp,
respectively) were used to convert the sedimenta-
tion coefficients to standardized s20,w values.

Size Exclusion Chromatography (SEC)

SEC was conducted using a Waters (Milford,
MA) Alliance separations module attached to a
photodiode array detector. A TSKGel Super
SW2000 column, 300 mm� 4.6 mm, 4 mm (Tosoh
Bioscience LLC, South San Francisco, CA),
column #K0140-01G was used for separation.
The mobile phase was 8.5 mg/mL NaCl, pH
3.5� 0.3, injection volume was 30 mL and the
flow rate was 0.4 mL/min. Detection was accom-
plished by monitoring UV absorbance at 215 nm.

ELISA

Samples were assayed using an Ultra-Sensitive
Salmon Calcitonin ELISA kit (Diagnostic Systems
Laboratories, Inc., Webster, TX). Standards,
quality controls, and samples were added to
anti-sCT antibody coated strip wells in triplicate,
JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 98, NO. 10, OCTOBER 2009
and were incubated with another biotinylated
anti-sCT antibody. The plate was washed after the
incubation, and prepared streptavidin enzyme
conjugate was added to the plate, which was
subsequently incubated. The plate was again
washed after the incubation, and TMB substrate
solution was added. Color was allowed to develop
before stopping the reaction with kit Stop solu-
tion. Absorbance was measured at 450 nm. Con-
centration was calculated by interpolation from a
standard curve and assay performance was
controlled with quality control samples.

Bioassay

Bioassay was determined via a human breast
cancer T47-D cell stimulation assay. The T-47D
cells were plated into a 96-well plate and
incubated overnight. Calcitonin Salmon Nasal
Spray, RLD, and Calcitonin Salmon EP reference
standard were diluted, added to the cells, and
incubated at ambient temperature. Following
stimulation, cAMP was measured using a cAMP
Biotrak EIA kit (GE Healthcare, Piscataway, NJ).
Percent binding of standards and samples was
determined and cAMP concentration was calcu-
lated by interpolation from a standard curve.
RESULTS AND DISCUSSION

A panoply of methods was employed to examine
the similarity of sCT in the presence of 2.5 mg/mL
chlorobutanol (i.e., Calcitonin Salmon Nasal
Spray) compared to the presence of 0.10 mg/mL
benzalkonium chloride (i.e., Miacalcin1 Nasal
Spray) as a preservative. Where useful, compar-
ison was also made to an EP reference standard.
The methods employed are classified as those
related to examining peptide structure, biological
properties, and stability.
Peptide Structural Studies

Comparison of Primary Structure

Three orthogonal methods (LC-MS, AAA, and
N-terminal sequencing) were employed to exam-
ine primary structure of sCT. For these analyses,
Calcitonin Salmon Nasal Spray, Miacalcin1

Nasal Spray, and the EP reference standard were
studied. The MW for these three difference
samples as measured by LC-MS were 3429,
3431, and 3431 Da, respectively. Typical mass
DOI 10.1002/jps



Figure 1. Reference-subtracted far-UV spectra of:
(A) Calcitonin Salmon Nasal Spray, (B) the RLD
Miacalcin1 Nasal Spray, and (C) aqueous sCT in the
absence of preservative.
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accuracy for MALDI analysis is 0.1%, or about
�3 amu for a weight of 3432 Da (the theoretical
MW for sCT). Therefore, within the normal
experimental uncertainty of the method, the
MW for sCT in Calcitonin Salmon Nasal Spray
and Miacalcin1 Nasal Spray were identical and
not affected by the presence of either chlorobuta-
nol or benzalkonium chloride. Further, both
products exhibited an MW identical to that for
the EP reference standard.

The amino acid composition of Calcitonin
Salmon Nasal Spray, Miacalcin1 Nasal Spray,
and the EP reference standard were determined
by AAA. For both Calcitonin Salmon Nasal Spray
and the RLD, the data for all residues were the
same as the EP reference standard within at least
�0.3 amino acids or better. These data indicate
that the amino acid composition of peptide present
in Calcitonin Salmon Nasal Spray and Miacalcin1

Nasal Spray were identical. As a further, ortho-
gonal confirmation of similarity in primary
structure, Calcitonin Salmon Nasal Spray, Mia-
calcin1 Nasal Spray, and the EP reference
standard were all N-terminal sequenced. The
data for all three samples were identical, compris-
ing the sequence Cys-Ser-Asn-Leu-Ser-Thr-Cys-
Val-Leu-Gly-Lys-Leu-Ser-Gln-Glu-Leu-His-Lys-
Leu-Gln-Thr-Tyr-Pro-Arg-Thr-Asn-Thr-Gly-Ser-
Gly-Thr-Pro.

Comparison of Secondary and Tertiary Structure
by Circular Dichroism (CD)

Having established similarity with regards to
primary structure, we next explored CD spectro-
scopy, which can yield useful secondary and
tertiary structural information for peptides and
proteins.22,23 The solvent-subtracted far-UV spec-
tra are depicted in Figure 1 for Calcitonin Salmon
Nasal Spray, Miacalcin1 Nasal Spray, and aqu-
eous peptide (EP reference standard) in the
absence of preservative. For all three cases, the
overall shapes of the spectra were very similar,
indicating a similar secondary structure. To
provide a quantitative comparison, the mean
residue ellipticity was used to estimate the
secondary structure content,11 with the caveat
that this approach is best suited for proteins. The
data for all samples resulted in a very similar
secondary structural estimation of �8% a-helix,
�25% b-sheet, �28% turns (and the remaining
structure comprised of random coils). These data
compare with the secondary structure of sCT in
aqueous solution determined previously by a
DOI 10.1002/jps JOURN
similar far-UV analysis of about 13% a-helix,
30% b-sheet, and 21% turns.24 The modest helical
content observed herein is consistent with prior
CD and NMR studies of sCT and the sCT (8–32)
fragment which indicated modest structuring in
AL OF PHARMACEUTICAL SCIENCES, VOL. 98, NO. 10, OCTOBER 2009



Figure 2. Reference-subtracted near-UV spectra of:
(A) Calcitonin Salmon Nasal Spray, (B) the RLD
Miacalcin1 Nasal Spray, and (C) aqueous sCT in the
absence of preservative.
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water with some helical propensity for residues
Lys11 through Tyr22.25,26

Next, the data for the ‘‘near-UV’’ spectral region
(250–350 nm) were examined (Fig. 2). In the case
of sCT, the predominant contributions are ex-
pected from Tyr22 (in the region of 270–290 nm)
and the intrachain disulfide bond between Cys1
and Cys7 (disulfide bonds give rise to broad weak
signals throughout the near-UV spectrum). The
solvent-subtracted near-UV spectra were very
similar for Calcitonin Salmon Nasal Spray,
Miacalcin1 Nasal Spray, and aqueous peptide
in the absence of preservative. The near UV CD
spectra are essentially devoid of aromatic signals
due to the Tyr22, indicating that this residue is
solvent-exposed.

The absence of near-UV CD signals, however,
does not imply that the structure is fully random
and flexible. Calcitonin does have some regular
secondary structure, as shown by the far UV CD
spectra. It is likely that it does have a distinct
average structure, but one with few longer-range
interactions.

Differential Scanning Calorimetry (DSC)

DSC is used for characterization of proteins and/or
peptides, including studying unfolding,17 detect-
ing aggregation,18,27 assessing conformational
structures,28 and predicting stability and struc-
tural melting.29 It was explored whether this
approach would have utility for the current study.
The data indicated no thermal transitions as
detected by DSC for either Miacalcin1 Nasal
Spray or Calcitonin Salmon Nasal Spray, even for
mimicking samples at 10-fold increased peptide
concentration (data not shown).

Peptide Conformation and Dynamics
by NMR Spectroscopy

NMR spectroscopy is a pre-eminent technique for
determining the structure and molecular
dynamics of organic compounds. This approach
has been proven to be highly sensitive to detect
structural differences in peptides and proteins,
including aggregation state.30 Therefore, NMR
spectroscopy provided an excellent additional tool
to assess similarity between Calcitonin Salmon
Nasal Spray and the RLD with respect to
peptide conformation, molecular structure, and
dynamics.

The 2D TOCSY/NOESY spectra of all sCT
samples tested were all of sufficient quality to
allow an independent 1H resonance assignment
JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 98, NO. 10, OCTOBER 2009 DOI 10.1002/jps



SIMILARITY STUDY OF CALCITONIN SALMON NASAL SPRAY 3697
for each sample. The standard TOCSY-spin-
system/NOESY-sequencing procedure31 was
employed. The procedure resulted in a 100%
complete backbone assignment, and all sidechain
1H resonances (except those of Lys11) were
located in each sample. The 283 K NOESY spectra
corresponding to the Ha/HN fingerprint region for
Calcitonin Salmon Nasal Spray are Miacalcin1

Nasal Spray, and shown in Figure 3. The majority
of the backbone HN signals appear at random coil
Figure 3. The Ha/HN fingerprint region of the
NOESY spectrum of (A) Calcitonin Salmon Nasal Spray
and (B) the RLD Miacalcin1 Nasal Spray.

DOI 10.1002/jps JOURN
values between 8.2 and 8.6 ppm. Additional NMR
spectral data for Calcitonin Salmon Nasal Spray
and the RLD depicted are the 283 K TOCSY
spectra corresponding to the Ha/HN fingerprint
region (Fig. 4) and the 283 K TOCSY spectra
corresponding to the Hb–Hg/HN region (Fig. 5).
For the latter two figures, the HN shift range has
been expanded to 7.05–8.85 ppm to include the
sidechain HN groups of Arg and Lys. In this case,
the only minor changes observed in the 1.9–2.5 by
8.3–8.5 ppm segments are due to small downfield
shifts of HN of Gln14 and Glu15 and an upfield
shift (0.05 ppm) for Glu15–Hg in the RLD that are
precisely what is expected for the slight pH
difference between the two specific lots of product
Figure 4. The Ha/HN fingerprint region of the 283 K
TOCSY spectrum of (A) Calcitonin Salmon Nasal Spray
and (B) the RLD Miacalcin1 Nasal Spray.

AL OF PHARMACEUTICAL SCIENCES, VOL. 98, NO. 10, OCTOBER 2009



Figure 5. The Hb–Hg/HN region of the 283 K TOCSY
spectrum of (A) Calcitonin Salmon Nasal Spray and (B)
the RLD Miacalcin1 Nasal Spray.

JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 98, NO. 10, OCTOBER 2009
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used. The differences in line shape in the TOCSY
spectra result from the use of different spin-
locking procedures and minor differences in the v1

resolution.
Chemical shifts are generally recognized as the

most sensitive NMR probe of structure. Changes
in either local conformational preferences or
sequence-remote through space interactions asso-
ciated with secondary and tertiary structural
differences should all produce changes in chemical
shifts. Even transient association with additives,
in particularly by H-bonding interactions or with
species that bear aromatic rings that can produce
ring current shifts, is known to perturb chemical
shifts of peptides. As a result, we view the lack of
changes in chemical shifts observed in the direct
side-by-side comparisons of TOCSY and NOESY
spectra as strong evidence that neither the
preservative in Calcitonin Salmon Nasal Spray
or the RLD interact with the calcitonin or change
its structure. Thus, Calcitonin Salmon Nasal
Spray and the RLD are shown to exhibit similarity
with respect to all possible levels (local, secondary,
tertiary) of peptide structure. Additionally, there
is no evidence of line broadening in either
formulation, which suggests that the peptide is
not undergoing self-association.

Turning to probes of molecular dynamics,
comparative relaxation data (from T2� experi-
ments) is the method of choice. Direct relaxation
rate comparisons for the two formulations were
problematic since most of the spectral regions
were obscured by intense 1H resonances of one or
the other preservative. One-dimensional spectra
at varying relaxation intervals were obtained with
a CPMG pulse train following two-stage water
suppression (presaturation and a WATERGATE
sequence). The only spectral region that could be
used for T2� determinations by this method was
the methyl resonances from 1.15 to 0.7 ppm. Even
here, there was a complication due to the terminal
methyl groups of benzalkonium chloride in the
RLD (this signal is denoted by an asterisk in
Fig. 6).

As expected for the monomer state of a peptide
of this molecular weight, the signals for sCT decay
quite rapidly and are so small as to display
insufficient S/N at t> 1.0 s. The T2� experiment
data is illustrated (Fig. 6) by the t¼ 0.04 and 0.4 s
points in the study which were also used to derive
T2� estimates. The data clearly illustrate the near
identical degree of NMR signal relaxation for sCT
in the two formulations. The T2� values (typically
with �0.02 s precision for the sCT signals) were
DOI 10.1002/jps



Figure 6. Comparison of T2� experiments for Calci-
tonin Salmon Nasal Spray at (A) t¼ 0.04 s and (B)
t¼ 0.4 s, and the RLD Miacalcin1 Nasal Spray at (C)
t¼ 0.04 s and (D) t¼ 0.4 s. The asterisks in (C) and (D)
show the location of the signal due to the terminal
methyl signal of benzalkonium chloride.
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derived for the methyl signals due to Thr21 (the
resolved doublet at 1.08 ppm) and one peak each
of doublets due to methyls in Leu4, Leu12,
and Leu16. The T2� values for these and
the Me3Si group of the DSS standard in the
solution appear in Table 1. Thus, in those areas
where a determination can be made, there appear
Table 1. T2� Values (in seconds) Derived from Figure 6

Sample Leu4/Leu12a

Calcitonin Salmon Nasal Spray 0.18
RLD (Miacalcin1 Nasal Spray) 0.18

aOne each of the methyl signals of Leu4 and Leu12 are shift coi

DOI 10.1002/jps JOURN
to be no changes in tumbling or segmental motion
dynamics associated with the preservative differ-
ences in the two products.

Comparison of Quaternary Structure/Aggregation

A variety of orthogonal studies were conducted to
probe the physical stability and quaternary
structures (e.g., aggregation state) of calcitonin
in the absence and presence of two preservatives
(chlorobutanol and benzylkonium chloride). These
studies included FFF, SV, and SEC.

FFF is another potentially useful characteriza-
tion tool for assessing aggregation state of
biomolecules.32,33 In the current investigation,
FFF data showed no difference in aggregation
state for sCT in the absence or presence of either
benzalkonium chloride or chlorobutanol; both
samples were dominated by a single peak
corresponding to the monomer of sCT (data not
shown).

Next, SV was explored as a yet another method
for comparing Calcitonin Salmon Nasal Spray and
the RLD the two products (Fig. 7). The data
showed primarily a monomer species at about 0.6
S, representing 99.2% and 99.1% of the total
distribution for Calcitonin Salmon Nasal Spray
and Miacalcin1 Nasal Spray, respectively. Both
products showed additional minor species sedi-
menting much faster than the main peak, which
presumably correspond to large aggregates.
Neither sample exhibited a signal at the sedi-
mentation coefficient expected for the sCT dimer,
but it is unlikely that SV would be able to resolve a
dimer for a peptide in the molecular weight range
of sCT. It is important to note that whereas for a
peptide this small SV is suitable for examining
relatively large aggregates (larger than tetramer),
other methods such as SEC should be employed
for examination of lower molecular weight aggre-
gates (e.g., dimers).

To this end, SEC was explored next (Fig. 8). The
chromatograms for Calcitonin Salmon Nasal
Spray and the RLD Miacalcin1 Nasal Spray were
Signal

Leu16 Thr21 DSS Ref

0.21� 0.04 0.20 2.67� 0.33
0.17� 0.04 0.21 2.95� 0.36

ncident.

AL OF PHARMACEUTICAL SCIENCES, VOL. 98, NO. 10, OCTOBER 2009



Figure 7. Normalized sedimentation coefficient dis-
tribution for (A) Calcitonin Salmon Nasal Spray and (B)
the RLD Miacacin1 Nasal Spray.

Figure 8. SEC data for (A) Calcitonin Salmon Nasal
Spray and (B) the RLD Miacacin1 Nasal Spray.
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very similar; both products exhibited a main peak
at a relative retention time (RRT) of 8.8 min, and
the fraction of monomer peptide by peak area
analysis was 98.4% and 97.5%, respectively.
Assignment of the minor peak at approximately
8.2 min was made via control experiments with a
chemically synthesized dimer. The lot of Calcito-
nin Salmon Nasal Spray examined by SEC was
found to have a slightly lower level of dimers and
high-order species: specifically, the levels of
dimers and high-order species were 1.5% and
0.1%, respectively, for Calcitonin Salmon Nasal
Spray sample, whereas the values were 2.3% and
0.2%, respectively, for the RLD. Therefore, it can
be concluded from the SEC data that substitution
of chlorobutanol for benzalkonium chloride does
JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 98, NO. 10, OCTOBER 2009
not promote peptide–peptide interactions such as
dimerization and higher order aggregation.
Peptide Stability Evaluations

Having established structural and biological
similarity, the next area of interest was to
examine stability compared to the RLD. Short-
term studies were conducted at accelerated
temperatures and different levels of pH. Longer-
term studies were conducted to assess similarity
at the end of the recommended shelf storage at the
pharmacy and at the end of recommend patient
use conditions.

Effect of Accelerated Temperature and
Different Levels of pH

Calcitonin Salmon Nasal Spray and Miacalcin
Nasal Spray were stored at the accelerated
storage condition of 408C for up to 72 h. The
HPLC data for both samples indicated a similar,
slight increase in CS1728 (oxidized peptide) and
DOI 10.1002/jps
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CS1729 (acetylated peptide), adding up to a total
increase in impurities of approximately 2–3%
(Fig. 9A and B). The SEC data showed no
substantial formation of dimers at this condition,
and likewise, there were no substantial changes in
Figure 9. Total impurities observed under
Nasal Spray at (A) 408C, (C) 408C and ad
pH adjustment to 6.0; the RLD Miacacin1

adjustment to pH 2.0, and (F) 408C and pH
pH after 72 h for the latter samples was 5.4.

DOI 10.1002/jps JOURN
the appearance, pH, and preservative content in
either sample at these conditions.

Next, the combination of accelerated tempera-
ture and lowered pH (pH 2.0) was examined. After
the 72 h incubation, both samples exhibited a
various conditions: Calcitonin Salmon
justment to pH 2.0, and (E) 408C and
Nasal Spray at (B) 408C, (D) 408C and

adjustment to 6.0. Note the measured
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similar 5–5.5% increase in CS1729 impurity, 0.9–
1.0% increase in an impurity eluting at 0.92 RRT
compared to native sCT, and 4.5–5.2% increase
increased in an impurity eluting at 0.92 RRT,
adding up to a total increase in impurities of
approximately 10–11% compare to that initially
present (Fig. 9C and D). The SEC data showed no
dimer formation, nor were any changes noted in
the appearance, pH, and preservative content in
either sample at these conditions.

As a further test, the combination of accelerated
temperature and higher pH was examined. The
sample of Calcitonin Salmon Nasal Spray that
was pH adjusted to 6.0 showed a lower formation
of impurities compared to the RLD (Fig. 9E and F).
The latter sample exhibited a pH shift from pH 6.0
to 5.4 over the course of the incubation. There was
some increase in dimers observed after 72 h at
these conditions, namely 3.6% and 5.3% for
Calcitonin Salmon Nasal Spray and the RLD,
respectively. The stability difference observed
in this case is consistent with the known
pH dependency of calcitonin degradation.34 The
primary nondimeric degradation species for both
products at these conditions were CS1728,
CS1729, and unidentified impurities eluting at
RRT 0.94 and RRT 1.1. No substantial changes
were noted in the appearance and preservative
content in either sample at these conditions. Since
the increased RLD instability is likely related
to preferential pH shifting, overall the forced
degradation studies suggest similar stability for
Calcitonin Salmon Nasal Spray and the RLD.

Characterization of Products at End of
Recommended Shelf Storage Conditions

The next study compared lots of Calcitonin
Salmon Nasal Spray and the RLD that had been
held at their recommended storage conditions for
a period equaling or exceeding their expiration
date. To this end, one lot of each product was
identified that were about 4–5 months beyond the
Table 2. Peak-by-Peak Comparison of Impurities in Calci
Beyond the End of Expiration Date

Sample Lot No.

RRT

0.53 CS1728 0.81 0.82

Calcitonin Salmon Nasal Spray 0.23 ND
Miacalcin Nasal Spray 0.81 0.15

ND, Not detected; NR, not reportable (below 0.1%); CS1728, oxid
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expiration dating providing on the product label.
The samples were analyzed by HPLC for impu-
rities, and also by SEC and SV to examine
potential for dimer and aggregate formation.

The total impurities determined by HPLC were
somewhat higher for RLD Miacalcin1 Nasal
Spray (3.1%) compared to the Calcitonin Salmon
Nasal Spray (1.1%) at end of shelf life. A
comparison of the impurities observed is pre-
sented in Table 2. The signal-to-noise ratio for all
the known impurities was greater than 10. Some
impurities found in Miacalcin1 Nasal Spray do
not appear in Calcitonin Salmon Nasal Spray.
Importantly, all impurities found in Calcitonin
Salmon Nasal Spray are found in higher quan-
tities in Miacalcin1 Nasal Spray.

Next, SEC was used to examine Calcitonin
Salmon Nasal Spray and the RLD after storage for
the entire shelf life at the intended routine storage
condition of 2–88C and ambient relative humidity.
For Miacalcin1 Nasal Spray and Calcitonin
Salmon Nasal Spray the levels of monomer were
97.8% and 98.5%, respectively, and the levels of
dimer were 2.0% and 1.4%, respectively. The
levels of larger oligomers found in Miacalcin1

Nasal Spray were 0.2% and for Calcitonin Salmon
Nasal Spray were 0.1%. From these data,
substitution of chlorobutanol for benzalkonium
chloride does not promote peptide–peptide inter-
actions, even after storage to end of recommended
shelf life of 2 years at 2–88C.

To extend the study even further, SV was
conducted on the expired lots of Calcitonin Salmon
Nasal Spray and the RLD in order to additionally
assess the potential for aggregation. The average
percentage of the sCT monomer in the expired
Calcitonin Salmon Nasal Spray lot was 97.9�
0.1%, and the sedimentation coefficient for the
main peak was about 0.6 S. The mean total
content of species with a sedimentation coefficient
larger than 20 S was about 1.0%. The overall
distribution and content of the monomer and
aggregates was similar for the RLD at expiration,
tonin Salmon Nasal Spray and Miacalcin Nasal Spray

(Compared to Native sCT Peak)

Imp B 0.90 0.93 1.09 1.14 1.15 1.17 Imp A

ND NR ND NR 0.33 0.32 0.19
0.39 0.21 0.07 0.14 0.46 0.44 0.39

ized sCT; Imp A, N-acetyl-Cys1 sCT; Imp B, [9-D-leucine] sCT.
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namely, the mean sedimentation coefficient for
the three replicates was about 0.6 S, with a mean
monomer content of 98.0� 0.3%. As the case with
Calcitonin Salmon Nasal Spray, there was no
evidence of signal near the sedimentation coeffi-
cient expected for a dimer, and the mean total
content of species with sedimentation coefficient
larger than 20 S was 1.3%. Therefore, the SV data
were similar when comparing Calcitonin Salmon
Nasal Spray and Miacalcin1 Nasal Spray at or
beyond their expiration at recommended storage
conditions.

Characterization of Products at End of
Recommended Patient Use Conditions

To extend the investigations even more thorou-
ghly, similarity between Calcitonin Salmon Nasal
Spray and the RLD was conducted for lots after
mimicking patient use, that is, affixing a spray
pump and storage at 258C/60% RH for 35 days
(suitable period to achieve daily spraying for the
employed bottle fill configuration).

After 35 days in-use storage, the total impu-
rities in Calcitonin Salmon Nasal Spray were
2.1%, compared to 1.0% for the control. For
Miacalcin1 Nasal Spray after 35 days of in-use
storage, the total impurities were 4.4% compared
to 3.3% for the control. There were no new
impurities observed upon in-use storage (for
either product). The data for individual impurities
were as follows. After 35 days of in-use storage,
the levels of impurities CS 1728 and CS 1729
present in Calcitonin Salmon Nasal Spray were
1.1% and 0.9%, respectively, slightly higher as
compared to the levels of 0.4% and 0.6%,
respectively, observed for the Calcitonin Salmon
Nasal Spray control. In Miacalcin1 Nasal Spray
after 35 days in use, the levels of impurities CS
1728 and CS 1729 present were 3.1% and 1.3%,
respectively, again slightly higher as compared to
the levels of 2.2% and 1.1%, respectively, observed
for the control. The results for Calcitonin Salmon
Nasal Spray demonstrated lower levels of impu-
rities CS1728 and CS 1729 both for the control and
in-use samples when compared to Miacalcin1

Nasal Spray.
It was important to also assess the potential, if

any, for the in-use storage condition to promote
peptide dimerization and higher-order aggrega-
tion. As compared with respective controls, the
increase in dimer and larger oligomer content
after 35 days in-use storage for Calcitonin Salmon
Nasal Spray and the RLD by SEC were only 0.2%
DOI 10.1002/jps JOURN
and 0.1%, respectively. Therefore, the SEC data
indicate that substitution of chlorobutanol for
benzalkonium chloride did not promote peptide–
peptide interactions such as dimerization and
higher order aggregation. Finally, as yet another
examination, SV was employed to look more
closely at potential for creation of higher-order
aggregates. After 35 days in-use storage, there
was no change in the sedimentation coefficient for
the main peak. For both Calcitonin Salmon Nasal
Spray and the RLD, there was no difference in the
total percentage of nonmonomeric peaks before
and after the 35 days in-use storage. From these
data, substitution of chlorobutanol for benzalk-
onium chloride did not promote peptide–peptide
interactions upon in-use storage conditions.
Investigations of Other Biological Properties

ELISA

It was important to also examine other biological
properties of the peptide in Calcitonin Salmon
Nasal Spray compared to the RLD. ELISA was
employed to probe the structure of sCT, specifi-
cally to compare the ability to bind specific
polyclonal antibody reagents. To allow for com-
parison, the data were corrected for the measured
peptide concentration for each sample. The ELISA
response for all samples were similar to that for
the EP standard, and intrasample variability was
generally less than 10%, well within the assay’s
acceptable variability. The difference between any
two samples (Calcitonin Salmon Nasal Spray and
Miacalcin1 Nasal Spray compared to the EP
reference standard) was no larger than 10%.
Specifically, the data for percent of theoretical
value for the two lots of Calcitonin Salmon Nasal
Spray examined were 91.1� 5.5 and 97.7� 4.5,
the EP standard was 98.7� 2.3, and the two lots of
the RLD Miacalcin Nasal Spray were 101.7� 3.0
and 101.7� 2.6. Since all intersample and interlot
data were very similar to the theoretically
expected value, this suggests that neither the
presence of chlorobutanol, nor the presence of
benzalkonium chloride, nor the absence of pre-
servative, has any effect on sCT structure that
impacts ability to bind to a suitably chosen
antibody that recognizes the peptide.

Bioassay

The bioassay for calcitonin provides yet
another important opportunity for comparison.
AL OF PHARMACEUTICAL SCIENCES, VOL. 98, NO. 10, OCTOBER 2009



Figure 10. Bioassay dose–response curves for Calci-
tonin Salmon Nasal Spray (filled squares) and the RLD
Miacalcin Nasal Spray (open circles). The data demon-
strate similarity over the entire range of five orders of
magnitude.
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Specifically, the T-47D cell stimulation bioassay is
suitable to test the receptor binding activity of sCT
and human calcitonin.35 In the assay, sCT binds to
surface receptors on T-47D breast cancer cells and
activates downstream cAMP production. The
binding strength of calcitonin to the cell surface
receptor is proportional to the cAMP detected by
ELISA. The assay has been expanded and used in
mutagenesis studies to assess structural change
in context of biological relevancy.36

To provide a robust comparison, and to ensure
that the data generated represented a relevant
range of peptide concentration, the T-47D cell
stimulation bioassay to compare sCT was
employed over a wide dose response curve from
0.006 to 1000 ng/mL peptide. For both the
Calcitonin Salmon Nasal Spray and the RLD,
the bioassay data generated over the wide
concentration range were similar (Fig. 10). The
mid-points of the two dose–response curves both
occur at approximately 1 ng/mL sCT. These data
support similarity in the biological activity
between Calcitonin Salmon Nasal Spray and
the RLD.
CONCLUSION

The current report describes a comprehensive
investigation of the similarity between Calcitonin
Salmon Nasal Spray (which contains 0.25 mg/mL
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chlorobutanol as preservative) and the RLD
Miacalcin1 Nasal Spray (which contains 0.1 mg/
mL benzalkonium chloride as preservative).
There was no evidence to suggest that either
chlorobutanol or benzalkonium chloride alters or
promotes peptide-preservative or peptide–peptide
interactions. The data for all evaluations of sCT
primary, secondary, tertiary, and quaternary
structure (e.g., dimers and higher-order aggre-
gates) demonstrated similarity between Calcito-
nin Salmon Nasal Spray and the RLD. Similarity
was also supported by investigation of product
stability under accelerated conditions of tempera-
ture and pH. Careful examination of product
stored past their expiry (i.e., 2 years at refriger-
ated condition), or which had been stored under
conditions relevant to their patient use (i.e.,
35 days at 258C and 60% RH with spray pump),
demonstrated that the presence of dimers and
higher order aggregates was similar or lower in
Calcitonin Salmon Nasal Spray compared to the
RLD. For all conditions studied, there were no
new impurities observed; RRT for all impurity
species observed in Calcitonin Salmon Nasal
Spray were also observed in the RLD. Finally,
two assays of biological properties indicated
no difference in sCT behavior whether there
was chlorobutanol, benzalkonium chloride, or no
preservative in the formulation. In summary,
the data strongly support peptide similarity of
Calcitonin Salmon Nasal Spray and the RLD,
dispelling any potential immunogenicity or other
related safety concerns.
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31. Wüthrich K. 1986. NMR of proteins and nucleic
acids. New York: John Wiley.

32. Gidding JC. 1993. Field-flow fractionation: Analy-
sis of macromolecular, colloidal and particulate
materials. Science 260:1456–1465.

33. Reschiglian P, Zattoni A, Roda B, Michelini E, Roda
A. 2005. Field-flow fractionation and biotechnology.
Trends Biotechnol 23:475–483.
AL OF PHARMACEUTICAL SCIENCES, VOL. 98, NO. 10, OCTOBER 2009



3706 COSTANTINO ET AL.
34. Windisch V, DeLuccia F, DuHau L, Herman
F, Mencel JJ, Tang S, Vuilhorgne M. 1997.
Degradation pathways of salmon calcitonin
in aqueous solution. J Pharm Sci 86:359–
364.

35. Findlay DM, Michelangeli VP, Moseley JM, Martin
TJ. 1981. Calcitonin binding and degradation by
JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 98, NO. 10, OCTOBER 2009
two cultured human breast cancer cell lines (MCF 7
and T 47D). Biochem J 196:513–520.

36. Andreotti G, Mendez BL, Amodeo P, Morelli MA,
Nakamuta H, Motta A. 2006. Structural determi-
nants of salmon calcitonin bioactivity: The role of
the Leu-based amphipathic alpha-helix. J Biol
Chem 281:24193–24203.
DOI 10.1002/jps


