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 INSIDE ICH-MHLW _

Working Groups Ramp up
Quality-based Implementation

Tsuyoshi Ando, Yukio Hiyama, Yoshihiro Matsuda,
Tamiji Nakanishi, and Haruhiro Okuda

Representatives of Japan's MHLW report on recent
ICH activities and what the ministry expects from Q11.

Harmonization’s Implementation

Working Group for the quality trio
(Q-IWG) held its third meeting in Yoko-
hama, Japan, this past June. Established
in October 2007, the group’s mission is to
promote consistent implementation of ICH
Q8 Pharmaceutical Development, ICH Q9
Quality Risk Management, and ICH Q10
Pharmaceutical Quality Systern around the
world and to help industry and regulators
maximize the benefits that can be gained
from interaction between the guidelines.

Quality-trio implementation

Because the concepts and principles
within ICH Q8, Q9, and QI0 are rather
new, it is important to provide clarity
on how they can and should be used.
Since April 2009, Q-IWG has published
40 questions and answers on the ICH
website addressing common questions
and concerns. Topics addressed include
design space, real-time-release testing,
good manufacturing practices, knowledge
management, and software solutions.

The International Conference on

Tsuyoshi Ando s areviewer in the Office of
Biologics of the Japanese Pharmaceuticals and
Medical Devices Agency (PMDA) and serves as the
Ministry of Heatth, Labor, and Wetfare (MHLW) Q11
deputy topic leader; Yukio Hiyama® is section

- chief for the Division of Drugs at the National
Institute of Health Sclences (NIHS) and the MHLW
Q9 and Q10 topic leader; Yoshihiro Matsuds
is a reviewer :n PMOA's Office of New Drugs
(OND) and the MHLW Q11 topic leader; Tamiji
Nakanighil is a reviewer in PMDA's OND and

the MHLW Q-IWG topic leader; and Haruhiro
Okuda is director of the Division of Organic .
Chemistry at NIHS, ail in Tokyo, Japan, hiyama@
nins.go.ip. Industry is welcome 10 submit
proposals to Q-IWG at www.ich.org.
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The relationship between continuous-
process verification and process validation,
and the topic of postapproval product-
related inspections have been identified
for further discussion.

In June, Q-1WG assigned case-study
topic coordinators to write and publish
articles and position papers on the quality
trio guidelines. In addition, Q-TWG agreed
to sponsor three workshops in 2010—one
in each ICH region (North America, Eu-
rope, and Japan)—to enhance harmonized
implementation training among industry
and regulators. The workshops will be
conducted by ICH experts involved in the
guidelines’ development.

Q11 makes headway
Representatives of the ICH Q11 expert
working group discussed the pending
guideline on Development and Manufac-
ture of Drug Substances, including chemni-
cal entities and biotechnological/biological
entities, during the Yokohama meeting.
The group prioritized items that need im-
provement in the guideline’s text, which
currently exists as a concept paper.
Participantsagreed that the scope of Q11
should not be limited to what to file ina
common technical document (CTD)—the
bulk of the concept paper—but also should
address the more general concepts of drug-
substance development and manufacture.
The group also discussed sections on
starting materials, process validation, de-
velopment, and control strategy. The group
intends to create a revised draft of Q11 in-
cluding a new product life-cycle section, at
its St. Louis, MO, meeting in October 2009.
A Step-2 signoff (i.e., consensus by all ICH
parties) of Q11 is expected in June 2010.
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Japan's perspective
One challenge facing Japan’s Min-
istry of Health, Labor, and Welfare
(MHLW), an ICH party, with regard
to Q11 is that the quality of informa-
tion on drug substances submitted in
new drug applications (NDAs) is often
inadequate, especially when using the
drug-master-file (DMF) system. This
inadequacy occurs because DMFs are
often prepared by companies that are
unfamiliar with NDAs. Despite being
created in a CTD format, in many
cases, the DMFs’ description of manu-
facturing process and justification of
control strategy are insufficient, lead-
ing to increased review time and work-
load on the part of the regulators.
In addition, Japan's Pharmaceutical
Affairs Law was revised in 2004 to in-
troduce the use of marketing business
licenses. These new licenses, which re-
placed traditional manufacturing busi-
ness licenses, enabled pharmaceutical
drug marketing authorization holders
(MAHs) to outsource their products, a
practice that is expected to increase sig-
nificantly in the coming vears. MHIW
also expects MAHSs to appropriately
carry out technology transfer and to
perform change-management controls
based on knowledge obtained in devel-
opment studies, with the goal of accel-
erating continual improvement.
MHLW hopes that Q11 can be a use-
ful tool to encourage communication,
not only between industry and regula-
tors, but also between manufacturers
and outsourcing partners. Under Q11,
pharmaceutical companies will be en-
couraged to clearly state the rationale
for their manufacturing process and
control strategy in their NDA docu-
ments and within any outsourcing ac-
tivity agreements. PT
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Time-Dependent Changes of Oxytocin Using "H-NMR Coupled with
Multivariate Analysis: a New Approach for Quality Evaluation of

Protein/Peptide Biologic Drugs

Akiko OmNO,**? Nana Kawasaky,® Kiyoshi Fukunara,® Haruhiro Oxupa,? and Teruhide YamaGucH?®
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A new method that combines 'H-NMR and principal component analysis (PCA) was employed to obtain the
quality evaluation of biopharmaceuticals, with regard to their quality, consistency, and differences in protein
modification patterns. To assess the feasibility of the method, three 'H-NMR spectra of exytocin (OXT) were col-
lected every 7d (at Day 0, 7 and 14), and time-dependent changes in the spectra were found by PCA of the 'H-
NMR signals from 0.5—9.0 ppm, excluding the region around the water signal (4.6—5.0 ppm). Although the
three OXT spectra seemed similar by simple visual inspection, time-dependent differences among the three spec-
tra were clearly distinguished by a PCA scores plot. Peak changes indicating both OXT decomposition and the
emergence of new OXT decomposition preducts within the timeframe of the experiment were also observed by a
PCA loading plot. The results demonstrate that this methed can evaluate the consistency of biopharmaceutical

quality.

Key words quality evaluation; biologic drug; principal component analysis; 1H-NI\)iR; oxytocin

The biotechnology industry has grown significantly in the
past decade and continues to grow at a rapid rate. Biophar-
maceuticals such as oxytocin (OXT), insulin, and somatropin
are large, complex molecules that are receiving increased at-
tention as therapeutics in humans, particularly since this
class of molecules can potentially exert pharmacological ef-
fects that are unattainable by synthetic chemical products.
However, while biologics show great potential value in medi-
cine, many technical hurdles must be overcome before such
treatments are made practical. In particular, since biologic
drugs are typically derived from living sources such as mi-
croorganisms, plants, or human or animal cells, the produc-
tion and use of such material introduces certain hazards that
are not presented by small molecule drugs manufactured
through chemical synthesis.” In addition, to fully understand
the mechanism of action of a protein/peptide drug, not only
the primary amino acid sequence but also the folding, post-
translational processing, and multimerization properties of
the biologic within the cell must be considered. Moreover,
different cell types or cell growth conditions may yield dif-
ferent protein modification patterns, as well as different im-
purities, into the desired product.>® Therefore, all of these
complications may potentially influence the intended phar-
macological effect of biologic drugs. With respect to safety
and efficacy concerns surrounding biologics, the consistency
of biologics between production lots, including maintenance
of tight quality control specifications, is an important consid-
eration for manufacturing biologic drugs.

To date, many analysis methods, such as sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE),*>
capillary electrophoresis (CE),® mass spectrometry (MS),
tandem MS (MS/MS),” liquid chromatography-mass spec-
trometry (LC-MS), high-performance liquid chromatography
(HPLC)® and nuclear magnetic resonance (NMR), are em-
ployed to evaluate physicochemical characteristics and pu-
rity, and thus determine the quality of biopharmaceuti-
cals.>*>1% However, characterizing the full complexity of bi-

* To whom correspondence should be addressed. e-mail: ako-ohno@nihs.go.jp

ologics by present examination methods is still currently dif-
ficult. Therefore, new analytical techniques that provide more
detailed evaluation of biologic quality are necessary. Among
the various analytical techniques, we focused on NMR profil-
ing as the most suitable tool for rigorous quality evaluation
because this approach can provide structural information on
all compounds contained in product lots, and can distinguish
structural differences. Principal component analysis (PCA) is
often useful for profiling and classifying sample groups, and
to characterize the most effective valuables in separation
compounds.'"'? Therefore, small differences in product
quality, e.g. a structural change or the appearance of a de-
composition product, are thought to be appropriately evalu-
ated by the combination of PCA using multivariate statistics
and 'H-NMR.

Herein, we demonstrate that '"H-NMR spectroscopy cou-
pled with PCA can provide a molecular fingerprint to pre-
cisely characterize a specific protein/peptide, using the deter-
mination of time-dependent changes of OXT as an example
of this method. The results suggest that this new methodol-
ogy can be useful for the quality evaluation of a manufac-
tured protein/peptide biologic drug.

Experimental .

Chemicals and Reagents All reagents used for 'H-NMR experiments
were purchased from Wako Chemicals, were of analytical grade (purity
>99%), and were used without further purification. Deuterium oxide (D,0,
isotopic purity 99.9%) containing 0.75% 3-(trimethylsilyl)propionic-2,2,3,3-
d, acid, sodium salt (TSP) was purchased from Aldrich (St. Louis, MO,
U.S.A.). TSP was used as an internal standard at a chemical shift (§) of
0.0 ppm for 'H-NMR measurements.

Sample Preparation and 'H-NMR Spectroscopic Analysis OXT
(5mg) was dissolved in 60 ul of D,0 containing 0.75% TSP, 30 ul of 0.2 M
phosphate buffer (pH 6.2), and 510 ul of ultrapure water to produce a 600 pl
solution for NMR measurements. The sample was introduced into an NMR
test tube, and nuclear Overhauser effect spectroscopy (‘H-NOESY) spectra
were recorded every 7d at 25 °C using a Varian 600 MHz NMR spectrome-
ter equipped with a coldprobe. Thirty-two free induction decays (FIDs) with
77K data points per FID were collected using a spectral width of 9615.4 Hz,
an acquisition time of 4.00s, and a total pulse recycle delay of 2.02s. The

© 2009 Pharmaceutical Society of Japan
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water resonance was suppressed using by presaturation during the first incre-
ment of the NOESY pulse sequence, with irradiation occurring during the
2.0s relaxation delay and also during the 100ms mixing time. Prior to
Fourier transformation (FT), the FIDs were zero-filled to 128 K and an expo-
nential line broadening factor of 0.5 Hz was applied.'>'? All peak intensity
values (in arbitrary units) were expressed as the means of three separate ex-
periments (n=3). Following each spectrum acquisition, the sample was
stored at 4 °C and protected from light.

NMR Data Reduction and Preprocessing All 'H-NMR spectra were
phased and baseline corrected by Chenomx NMR Suite 5.0 software, profes-
sional edition (Chenomx Inc., Canada). Each 'H-NMR spectrum was subdi-
vided into regions having an equal bin size of 0.04 ppm over a chemical shift
range of 0.5—9.0 ppm (excluding the region around the water signal; 4.6—
5.0 ppm), and the regions within each bin were integrated. The integrated in-
tensities were then normalized to the total spectra area, and the data was
converted from the Chenomx software format into Microsoft Excel format
(*. xIs). The resultant data sets were then imported into SIMCA-P version
12.0 (Umetrics AB, Umed, Sweden) for multivariate statistical analysis.

Moultivariate Data Analysis PCA was performed to examine the intrin-
sic variation in the data set."*'® The quality of the models was described by
R% and (? parameters, which indicate the proportion of variance in the data
explained by models and goodness of fit. R%x represents the goodness of fit
of the PCA model, and 0” reveals the predictability of the PCA model.'®

Results and Discussion

'H-NMR spectra of OXT obtained at Days 0, 7 and 14 are
shown in Fig. 1. While a simple visual inspection suggests
that the analysis of a qualitative and quantitative changes
might be difficult in three spectra, real spectral differences
may be detected if changes can be represented as points in a
multidimensional space and examined using PCA. As such,
PCA of each OXT spectrum was performed. As a result, dis-
tinct differences among the three 'H-NMR spectra were read-
ily detected by both the scores of principal component 1
(PC1) and principal component 2 (PC2), and can be clearly
depicted as three separate points as shown in Fig. 2. The
PCA modeling revealed R%x and O values of 0.80 and 0.49
for PC1, indicating 80% of variance and 49% predictability
in the multidimensional space, respectively (Fig. 2). On the
other hand, PC2 was explained with a low contribution ratio
of 20%. This result suggests a high contribution rate for PC1,
indicating that each of the two spectra collected at 7 and 14d
are considerably different from the spectrum collected at Day
0. The differences of the data points on PC1 likely reflect the
progress of time-dependent changes of the OXT sample.

The loading plot of all '"H-NMR signals evaluated is

0 day
Lad o b AJ rnmjl_bjl;k N
7 days
Lad o W1 11 ,?MBM ML&MAA
14 days
L, W l A,MMA Al g Mk,
ppm 8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0

Fig. 1. 'H-NMR Spectra of OXT in 10 mm Phosphate Buffer (pH 6.2) at
25°C, Collected Every 7d
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shown in Fig. 3. This loading plot reveals the contributions
of particular variables (integral regions, in this study) to-
wards either an increase or a decrease in integrated intensi-
ties over time. In this case, each variable represents a peak at
a particular chemical shift in the 'H-NMR spectral region
shown in Fig. 1. From the score and loading plots, the com-
ponents responsible for increasing or decreasing time-de-
pendent changes can be identified. In addition, the variables
at the chemical shifts associated with the largest changes in
integrated intensity can be found farther away (to either the
left or to the right) from the center of the PC1 coordinate
axis.

Eight variables showing typical fluctuations in Fig. 3 were
identified, and time-dependent changes of the integrated in-
tensities associated with these variables are shown in Fig. 4.
The tendency of the intensity of each of these variables to ei-
ther increase or decrease is evident, and suggests the forma-
tion of new degradation products (Fig. 4A) or the decompo-
sition of the original OXT sample (Fig. 4B).

An increase of the negative value along the PCI axis in
Fig. 3 of four variables (& 0.82, 2.34, 6.82 and 7.06 ppm) is
associated with larger increases in integrated intensity over
time (Fig. 4A), and an increase of the positive value along
the PC1 axis in Fig. 3 of four variables (6 0.90, 7.22, 2.06

2.0
1.0
14 days 0day
o 0.0 A e
=]

N 7 days
-1.07
-2.0 T T

-1.0 0.5 0.0 05 1.0

PC1

Fig. 2. The PCA Scores Plot Derived from the 'H-NMR Spectra Data of
OXT

0.4~
- 4194
084 46.86
. 0.
02 ‘333 a3 44.02
4 22.38 53.
o AOABZAGVE o 4460242.98 408
all =
o 00+ 7
o 4.14
4408
0.2+
-0.4 -
¥ 1 1 T L4 T T T T T T
-02 -0.1 0.0 0.1 02 0.3

PC1

Fig. 3. The PCA Loading Plot Derived from the 'H-NMR Spectra Data of
OoXT

The variables are shown in chemical shifts, ppm.

— 178 —

— 101 —



1398

Intansity

day (s)

Vol. 57, No. 12
B
0.104
i —_-—:W
- 722ppm |
o0 | - 2.06 ppm |
............ 4.14ppm |
Z
2 0.06]
L
£
woad
T ; I
T 7 14
day (s)

Fig. 4. Time-Dependent Changes in the OXT 'H-NMR Spectrum Showing the Formation of New Decomposition Products (A) and the Decomposition of

OXT (B)

and 4.14ppm) is associated with larger decreases in inte-
grated intensity over time (Fig. 4B). In addition, while the
time-dependent increases in intensity for each variable in
Fig. 4A are surmised to be due to new peaks from OXT de-
composition products of OXT, identifying individual peaks
in Fig. 1 associated with these decomposition products is dif-
ficult, as these peaks are minor signals. The peaks correspond-
ing to these particular variables were too small to analyze
further. On the other hand, peaks for each variable in Fig. 4B
could be identified: the variable at 0.90 ppm was attributed to
both the 6H (& 0.88) and y'H (5 0.89) of Ile and to the §'H
(6 0.90) of Leu; the variable at 7.22 ppm to the 2', 6'H (&
7.22) of Tyr; the variable at 2.06 ppm to the yH (§ 2.05) of
Pro and to the SH (6 2.08) of Gln; and the variable at
4.14 ppm to the aH (& 4.14) of Gln and to the oH (& 4.16)
of Ile. Therefore, some amino acids for each variable in Fig.
4B are inferred to be associated with OXT decomposition,
although proposing a specific decomposition mechanism for
OXT is difficult owing to the complexity of protein/peptide
systems.

Recently biotechnology-derived drugs for medical treat-
ment are increasingly receiving attention, but many problems
associated with the quality, efficacy, and safety of biologics
persist. Almost all biologics are designed to mimic human
proteins to better predict pharmacological effects, and are
thus produced from recombinant or non-recombinant cell-
culture expression systems. Preserving the consistency of
these complex products during the production is important,
as well as reducing or eliminating molecular heterogeneity
and higher-order structural aggregates. In addition, since raw
materials derived from animals or humans may be used dur-
ing production,” consideration of possible viral contamina-
tion is also crucial. To date, the quality of manufactured bio-
logics is evaluated by measuring biological activity of the bi-
ologics, rather than through analysis of physicochemical in-
formation. In fact, the product complexity and purity for
quality control of biologics are quite difficult to evaluate by
current physicochemical methodologies, such as SDS-PAGE,
CE, MS, and HPLC.>19

As a new approach for assessing the quality of biopharma-
ceuticals, we examined a method to distinguish time-depend-

ent changes of OXT 'H-NMR spectra by introducing PCA of
NMR signals. We initially found that simple visual inspec-
tion was insufficient to distinguish whether the three 'H-
NMR spectra of OXT, gathered every 7d for 14d, showed
time-dependent changes. However, the PCA scores plot of
these same spectra clearly revealed time-dependent changes.
In addition, peak changes associated with both new decom-
position products and the decomposition of OXT were also
observed by the PCA loading plot. Therefore, a combination
of '"H-NMR and PCA techniques can provide a molecular
fingerprint capable of precisely identifying a protein/peptide
biologic, and can represent a powerful new approach for as-
sessing the quality of protein/peptide biologic drugs. The
study concerning the feasibility and the limitation of this
method in terms of the molecular size is currently under way.
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Complete NMR analysis of oxytocin

in phosphate buffer

Akiko Ohno,*P* Nana Kawasaki,? Kiyoshi Fukuhara,® Haruhiro Okuda®

and Teruhide Yamaguchi®

Complete NMR analysis of oxytocin (0XT) in phosphate buffer was elucidated by one-dimensional (1D)- and two-dimensional
(2D)-NMR techniques, which involve the assignment of peptide amide NH protons and carbamoyl NH, protons. The TH-5N
correlation of seven amide NH protons and three carbamoyl NH, protons were also shown by HSQC NMR of OXT without

5N enrichment. Copyright © 2009 John Wiley & Sons, Ltd.

Supporting information may be found in the online version of this article.
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Introduction

Oxytocin (OXT, Fig. 1)isa neurohypophyseal peptide hormonethat
is known to be critical for the initiation and maintenance of uterine
conftractions during labor and milk ejection. OXT is a nonapeptide
that is composed of a cydic sequence of Cys-Tyr-lle-Gin-Asn-
Cys with an N-terminal amino group and a linear Pro-Leu-Gly
tripeptide with aC-terminal amide. The cyclic portion is heterodetic
with a disulfide linkage between two cysteine residues at Cys-
1 and Cys-6. OXT binds to neurophysin and the complex is
stored in neurosecretory granules.!"! Determination of the free
solution conformation of OXT in water or in less polar solvents is
important for elucidating its molecular mechanism of interaction
with neurophysin. Previous conformational studies of OXT by
nuclear magnetic resonance (NMR) have been readily performed
in solvents such as dimethyl sulfoxide (DMSO)2 51 and have shown
that the assignment of almost all of the "H and '3C resonances
of OXT can be obtained in DMSO solvent.*® Furthermore, it has
been reported that a conformational difference between DMSO
and water greatly affected the amide NH protons.”! Although NMR
spectra of OXT in water have been partially analyzed, there are no
reports on the complete 'H, *C, and ">N resonance assignments
because of the difficulty in obtaining NMR spectra sufficient for
precise elucidation of the conformation of OXT.7#! A phase-shift
presaturation technique for water suppression by use of a NOESY
pulse sequence is effective for the measurement of NMR spectra
in HzO.

Herein, we describe the complete 'H, 3C, and >N resonance
assignments of OXT in phosphate buffer pH 6.2 using presaturation
NOESY NMR techniques.

Results and Discussion

The "H NMR spectrum of OXT included seven amide NH protons,
one broad triplet for Gly-9, six doublets for Tyr-2, lle-3, GIn-4, Asn-5,
Cys-6, Leu-8, and three carbamoyl NH, protons for Gin-4, Asn-5,
Gly-9 which were clearly depicted (See Supporting Information).
The assignment of protons and carbons to amino acid residues was

Magn. Reson. Chem. 2010, 48, 168172
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accomplished from the COSY, TOCSY, and HSQC data. Nitrogen
signals were assigned on the basis of coirelation with previously
assigned protons using an HSQC ("H-"5N) experiment (Fig. 2).
A series of peptide sequences was determined by analyzing a
combination of correlations, NH-C(=0) and/or C(=0)-CH, from
the HMBC experimental data (Table 1). The 'H, C, and "N NMR
parameters, chemical shifts, coupling constants, and temperature
coefficients for amide NH protons are summarized in Table 1.

The '3C NMR assignments of the protonated carbons were
obtained from the proton-detected heteronuclear HSQC spectrum
together with the HMBC experiment correlated for long-range
proton spectra for the nonprotonated carbons (See Supporting
Information). in the HMBC spectrum, the CO of Cys-1 at 174.4 ppm
was correlated to both the oH and BH of Cys-1 and to the NH
of Tyr-2, the CO of Tyr-2 at 175.9 ppm to the gH of Tyr-2 and to
both the oH and NH of lle-3, the CO of lle-3 at 176.0 ppm to both
the aH and NH of lle-3 and to the NH of Gln-4, the CO of Gin-4
at 176.1 ppm to the aH, SH and NH of Gin4 and to the NH of
Asn-5, the §CO of Gin-4 at 180.6 ppm to the gH, yH and §NH; of
GIn-4, the CO of Asn-5 at 174.7 ppm to the SH of Asn-5 and to the
NH of Cys-6, the yCO of Asn-5 at 177.6 ppm to both the gH and
yNH; of Asn-5, the CO of Cys-6 at 172.6 ppm to the gH of Cys-6
and to both the a¢H and §H of Pro-7, the CO of Pro-7 at 177.2 ppm
to both the aH and gH of Pro-7 and to both the aH and NH of
Leu-8, the CO of Leu-8 at 178.2 ppm to both the oH and gH of
Leu-8 and to both the oH and NH of Gly-9, and finally the CO of
Gly-9 at 177.0 ppm with the aH, C(=0)NH, of Gly-9. These results
indicated that the *C NMR assignments of the carbonyl carbon
in a peptide bond could distinguish between the cyclic region of

* Correspondence to: Akiko Ohno, Division of Biological Chemistry and Biologi-
cals, and Division of Organic Chemistry National Institute of Health Sciences,
Setagaya-ku, Tokyo 158-8501, Japan. E-mail: ako-ohno®@nihs.go.jp

a Division of Biological Chemistry and Biologicals, National Institute of Health
Sciences, Setagaya-ku, Tokyo 158-8501, Japan

b Division of Organic Chemistry, National Institute of Health Sciences, Setagaya-
ku, Tokyo 158-8501, Japan
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Complete NMR analysis of oxytocin

Figure 1. Structure of OXT.
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Figure 2. The amide and amine region of the 600-MHz 'H-15N HSQC NMR
spectrum of OXT in 10-mM phosphate buffer pH 6.2 at 298 K.

the sequence Cys-Tyr-lle-GIn-Asn-Cys, 172.6-176.1 ppm and the
noncyclic region of Pro-Leu-Gly, 177.0~178.2 ppm.

The signals of the amide NH and the amine NH; protons of OXT
are assigned in accordance with the vicinal couplings determined
from the COSY and correlation with the neighboring carbon by
HMBC ("H-3Q). As the direct measurement of *N NMR without

He
N
) \ﬁ/

HO

AN

AN~ cyNH Ng fi
CH,

/
0/
4
O =C_
: 2

using OXT enriched by >N is very difficult because of insufficient
sensitivity, assignments of SN of OXT were performed on the
basis of correlations with amide and amino protons assigned by
HMBC ('H-"3Q). Thus, the seven amide N, Tyr-2 at 122.2 ppm,
lle-3 at 121.4 ppm, GIn-4 at 121.7 ppm, Asn-5 at 118.4 ppm, Cys-6
at 122.2 ppm, Leu-8 at 124.7 ppm and Gly-9 at 112.7 ppm, and
the three carbamoyl °N, Gin-4 at 114.1 ppm, Asn-5 at 114.3 ppm
and Gly-9 at 108.9 ppm, were assigned as shown in Fig. 2. The
relative stereochemistry of OXT was elucidated from the NOE
data determined by a ROESY experiment (Fig. 3). In the ROESY
experiment, the 2/, 3/, 5, 6'H of Tyr-2 gave correlations with the
SNH; of GIn-4, the gH of Tyr-2 with the BH of lle-3, the gH of lie-3
with the yH of Gin-4, the gH, yH of Pro-7 with the y NH, of Asn-5,
and the aH of Pro-7 with the NH of Leu-8, respectively. The results
of NOE cross-peak patterns in phosphate buffer are different from
that in DMSO solution suggesting that the conformation of OXT is
different between phosphate buffer and DMSO solution 6!

The thermal coefficient values, ASNH/AT, for peptide amide
proton resonances, which offer information about contributions
of amide protons to hydrogen bonds, were obtained from the shift
variations occurring when the temperature was increased from
25 to 40°C (Table 1). Among the ASNH/AT values calculated,
Tyr-2 (—4.0 ppb/K), lle-3 (—6.0 ppb/K), Gln-4 (—6.0 ppb/K), Asn-
5 (—4.0 ppb/K), Cys-6 (—4.0 ppb/K), Gly-9 (—6.0 ppb/K) displayed
low thermal shift variations, whereas a high value of ASNH/AT was
found for Leu-8 (—12.0 ppb/K). In particular, the lower ASNH/AT
for Tyr-2, Asn-5, and Cys-6 strongly suggests that their NH could
form energetically favorable intramolecular hydrogen bonds in
the adoption of a g-turn. The stabilization by hydrogen bonds
between the NH of Tyr-2 with the CO of Asn-5, the NH of

Residue/parameter® LM m J(Hz) 8¢ n HMBC correlations with H
Cys-1
CcO - 1744 - Cys-1a, BH; Tyr-2 NH
o CH 3.98 m 56.1 -
B CH, 1317 dd 143,47 439 -
3.29 dd 143,71 - -

Magn. Reson. Chem. 2010, 48, 168-172
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Mugneths
Resonance in
Chamistry A.Ohno etal.

Residue/parameter® OH m J(H2) 8¢ 8N HMBC correlations with H
Tyr-2
NH (ASNH/AT) 8.23 (—4.0) d 6.9 - 122.2
co - 1759 - Tyr-2 gH; lle-3 aH, NH
o CH 4.85 58.1 -
B CH; 298 m 39.1 -
3.22 dd 13.8,6.2 - -
v - 1309 -
26 7.22 d 84 1334 -
3’5 6.88 d 84 118.5 -
& - 157.5 -
lie-3
NH (ASNH/AT) 7.88 (—6.0) d 6.0 - 1214
co - 176.0 - lle-3 aH, NH; Gin-4 NH
a CH 4.16 62.5 -
BCH 1.95 m 39.0 -
y CH, 1.05 m 27.3 -
1.25 m - -
¥’ CHs 0.89 d 7.1 17.8 -
8 CH3 0.88 t 7.5 136 -
Gln-4
NH (ASNH/AT) 8.21(—6.0) d 46 - 121.7
co - 176.1 - Gin-4 a, BH, NH; Asn-5 NH
a CH 413 m 58.0 -
B CH, 2.08 m 28.7 -
y CH, 241 m 340 -
§CO - 180.6 - GIn-4 B, yH, $NH;
& NH; 6.88 br.s - 114.1
7.57 br.s - -
Asn-5
NH (ASNH/AT) 8.33 (—4.0) d 82 - 1184
co - - 1747 - Asn-5 gH; Cys-6 NH
o CH 475 m 534 -
B CH, 2.86 t 7.2 386 -
y CO - 1776 - Asn-5 BH, yNH,
y NH, 6.93 br.s - 1143
7.62 br.s - -
Cys-6
NH (ASNH/AT) 8.23 (—4.0) d 6.9 - 1222
co - 1726 - Cys-6 BH; Pro-7 «, SH
o CH 4.85 54.5 -
B CH, ) 2.98 m 41.5 -
3.26 dd 118,34 - -
Pro-7
co - 1772 - Pro-7 «, BH; Leu-8 «H, NH
o CH 4.46 m 63.5 -
B CH, 1.95 m 32.1 -
2.31 m - -
y CHy 2.05 m 27.5 -
& CH, 371 m 50.7 -
3.77 m - -
Leu-8
NH (ASNH/AT) 8.49 (—12.0) d 65 - 124.7
cO - 1782 - Leu-8 o, BH; Gly-9 «H, NH
a CH i 432 m 55.6 -

e,
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Complete NMR analysis of oxytocin

G Sl

Residue/parameter® 34 m J{Hz2) 8¢ Y HMBC correlations with H
B CH, 1.61 m 422 -
1.67 m -
y CH 1.70 m 274 -
8 CH3 0.96 d 6.2 250 -
&' CH; 0.90 d 6.2 235 -
Gly-9
NH (ASNH/AT) 8.41(—6.0) br.t - 112.7
co - 177.0 - Gly-9 oH, CONH;
a CHy 3.88 dd 17.2,5.0 45.1 -
3.95 dd 13.6,5.0 - -
CONH, 7.10 br.s - 108.9
742 br.s - -
2 The temperature coefﬁcients, ASNH/AT, are given in ppb/K.

OH
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CH—CHy

CH;
Leu-8

Figure 3. Hydrogen bonds (dotted lines) and ROESY (H < H) correlations
observed for OXT.

Asn-5 with the CO of Tyr-2, and the NH of Gly-9 with the CO
of Cys-6 closely resemble results from the X-ray crystal structure
of deamino-oxytocin (18-mercaptropropinate oxytocin}.*% Two
hydrogen bonds, the NH of Tyr-2 with the CO of Asn-5 and the
NH of Asn-5 with the CO of Tyr-2, correspond to those of OXT in
DMSO solution. !

In conclusion, NMR analysis of OXT in phosphate buffer pH
6.2 using presaturation NOESY NMR techniques was effective and
resulted in complete assignments of 'H, *C, and >N NMR spectra
induding 'H and '*N of amide and amino groups. In the case of
OXT without >N enrichment, '"H~'>N HSQC NMR has proven to
be a useful spectral tool to determine >N of amide and amine

Magn. Reson. Chem. 2010, 48, 168-172

Copyright (© 2009 John Wiley & Sons, Ltd.

groups by means of correlation with their 'H assigned by COSY
and HMBC. These findings will be helpful in solution studies for
the optimum conformational analysis at the receptor.

Experimental
Chemicals and reagents

All regents used for one-dimensional (1D)- and two-dimensional
(2D)-NMR experiments were purchased from Wako Chemicals,
were of analytical grade (purity > 99%), and were used without
further purification. Deuterium oxide (D0, isotopic purity 99.9%)
containing 0.75% TSP (3-(trimethylsilyl) puropionic-2,2,3,3,-ds acid,
sodium salt) was purchased from Aldrich (St Louis, MO). TSP was
used as an internal standard at a chemical shift (§) of 0.0 ppm for
"H NMR measurements.

Sample preparation and "H NMR spectroscopic analysis

OXT (5 mg) was dissolved in 60 pl of D,O containing 0.75% TSP,
30 pl of 0.2 M phosphate buffer (pH 6.2), and 510 ! of ultrapure
water to produce a 600 ul solution for NMR measurements.
The sample was introduced into an NMR test tube, and one-
dimensional *H NOESY spectra were recorded at 298 K using a
Varian 600 MHz NMR spectrometer equipped with a coldprobe (‘H
at 600 MHz; 13C at 150.9 MHz frequency). Thirty-two free induction
decays (FIDs) with 77 K data points per FID were collected using
a spectral width of 9615.4 Hz, an acquisition time of 4.00s, and
a total pulse recycle delay of 2.02s. The water resonance was
suppressed by presaturation during the first increment of the
NOESY pulse sequence, with irradiation occurring during the
2.0s relaxation delay and also during the 100 ms mixing time.
Prior to Fourier transformation (FT), the FIDs were zero-filled to
128K and an exponential line broadening factor of 0.5 Hz was
applied. The pulse conditions were as followed: for the "H NMR
spectrum, spectrometer frequency (SF) 599.76 MHz, acquisition
time (AQ) 4.000 s, number of transients (NS) 32, receiver gain (RG)
24, temperature (TE) 298 K, dwell time (DW) 104 ps, dummy scan
(DS) 2, pulse width (PW) 8.7 pus; for the '3C NMR spectrum, SF
150.82 MHz, AQ 1.300's, NS 61440, RG 30, TE 298K, DW 27.2 us,
PW 6.6 ps; for the COSY spectrum, SF 599.76 MHz, AQ 0.142 s, NS
16, RG 10, TE 298 K, DW 138.4 pus, DS 16, PW 7.4 ps; for the TOCSY
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spectrum, SF 599.76 MHz, AQ 0.174 5, NS 256, RG 8, TE 298 K, DW
169.6 ps, DS 16, PW 7.4 ps; for the ROESY spectrum, SF 599.76 MHz,
AQO0.160 s, NS 192, RG 8, TE 298 K, DW 156.0 pis, PW 7.4 s, DS 32;
for the HMBC spectrum, SF 599.76 MHz, AQ 0.128 5, NS 128, RG 24,
TE 298 K, DW 159.2 pis, DS 32; for the TH-13C HSQC spectrum, SF
599,76 MHz, AQ 0.199 s, NS 320, RG 24, TE 298 K, DW 172.0 us, PW
7.4 us, DS 32; and for the "H-">N HSQC spectrum, SF 599.76 MHz,
AQ 0.199s, NS 400, RG 8, TE 298 K, DW 169.6 us, PW 7.4 us, DS
32. Temperature coefficients of amide NH protons were obtained
from a series of '"H NMR spectra measured in the range 298 to
313 K. An assignment of the 'H, 13C, and >N spectra of OXT was
determined by the combination of 1D- and 2D-NMR studies.
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%1 ICHIWGIZX 5 Q&AEH

- Q01: Is it always necessary to have a Design Space, RTR testing and CS to imple-
ment QbD?

- Under Quality by Design, establishing a design space or using real time release testing is not
necessarily expected [ICH Q8R, step 4]. However, a control strategy is always expected regard-
less of the development approach, minimal or enhanced. A control strategy needs to be based
on product and process understanding together with risk assessment.

- Q06: Is there a regulatory expectation to develop a design space for an existing pro-
duct?

- No, development of design space for existing products is not necessary unless the applicant de-
sires to achieve a higher degree of manufacturing flexibility.

- QO07: Is it possible to develop a design space for existing products?

- Yes, it is possible. Manufacturing data and process knowledge can be used to support a design
space for existing products. Relevant information should be utilised from e.g. commercial scale
manufacturing, process improvement, CAPA and existing development data.

- Typically, manufacturing operations run under narrow operational ranges in fixed equipment.
Consequently, an expanded region of operation and an understanding of multi-parameter inter-
actions may not be achievable from existing manufacturing data alone.

- Q11: What is the difference in a control strategy for products developed using the
minimal approach vs. ‘quality-by-design’ approach?

- Control strategies are expected irrespective of the development approach. Control strategy in-
cludes different types of control proposed by the applicant to assure compliance with specifica-
tions, such as in-process testing and end product testing. For products developed following the
minimal approach, the control strategy is derived empirically and typically relies more on dis-
crete sampling and end product testing. Under QbD, the control strategy is derived using a sys-
tematic science and risk-based approach. Testing, monitoring or controlling is often shifted
earlier into the process and conducted on- or at-line. Some traditional tests may not be neces-
sary based on demonstrated process knowledge, process control and robustness.

- Q21: What is the difference between “real time release” and real time release testing?

- The definition of real time release testing in Q8R, step 4 is ‘the ability to evaluate and ensure
the acceptable quality of in-process and/or final product based on process data, which typically
includes a valid combination of measured material attributes and process controls’’

- “Real time release” encompasses real time release testing as described above plus the quality
release decision, including GMP requirements

- Q22: How is batch release affected by employing real time release testing?

- Batch release is the final decision to release the product to the market regardless whether RTR
testing or end product testing is employed. End product testing involves performance of specific
analytical procedures on a defined sample size of the final product after completion of all proc-
essing for a given batch of that product. Batch release involves an independent review of batch
conformance to predefined criteria through review of testing results and manufacturing
records.

- Q24: Is a product specification still necessary in the case of RTR testing?

- Yes, product specifications [see ICH Q6a and Q6b] still need to be established and met, if tested.
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