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In this study, we investigated the application of NMR fingerprinting as a new quality assessment system
for detecting structural modifications of small molecule pharmaceuticals. NMR can detect structural changes
in peptide drugs as spectra, providing detailed structural information that cannot be obtained by conventional
mass spectrometry (MS), liquid chromatography (HPLC), or circular dichroism spectroscopy (CD). It has
been reported that HSQC measurements can be used to evaluate the quality of proteins such as antibodies by
generating NMR fingerprints and comparing spectra from lot to lot (4nal. Chem. 2015, 87, 3556.). We
hypothesized that if this method could be applied to peptide drugs, it would lead to the detection of impurities
based on structural denaturation of peptide drugs. sporine as a representative cyclic peptide model, we
investigated whether structural changes occur under conditions such as heating, etc. NMR measurements were
performed using a JEOL 600 MHz, heavy methanol or heavy dimethyl sulfoxide (DMSO) solution for proton
('H), carbon ('*C ), and two-dimensional HSQC measurements were performed. In the above study, various
NMR spectra of cyclosporine were obtained, suggesting that the NMR spectra of cyclosporine vary greatly
depending on the solvent species. Since previous peptide drugs are used as injectable drugs, it is necessary to
detect their structures in aqueous solution. Therefore, in this study, we aimed to detect conformational changes
of peptide drugs subjected to various conditions by NMR fingerprinting using water-soluble peptide drugs as

model peptides. Therefore, for the structural analysis of cyclosporine, heavy aqueous solutions were prepared
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and NMR spectra were measured. However, cyclosporine has poor aqueous solubility and could not be studied
in aqueous solution.

Next, oxytocin, which is listed in the Japanese Pharmacopoeia, was selected as models for water-soluble

peptides. Oxytocin was considered suitable for the structural analysis of cyclic peptides because they are water
soluble and have cyclic structures. NMR measurements were performed using a JEOL 600 MHz NMR system
at 25°C with each peptide dissolved in heavy water at a concentration of 4 mg/ml. HSQC spectra were
observed in the aromatic ring region around 7 ppm and in the structure of peptide a hydrogen at 4-5 ppm. The
proton NMR spectrum of the heat-treated peptide showed a large shift in the proton NMR spectrum around 4-
5 ppm observed at the position of the positional proton of the peptide main chain, suggesting that the structure
of the peptide was changed by heating. The above conformational change is the positional hydrogen derived
from the C-terminal glycine residue of oxytocin, suggesting that the heating conditions may have changed the
interaction and other factors. We also examined whether the structural denaturation detected by NMR could
be detected by conventional detection methods such as HPLC and CD spectra. As a result, the structural
denaturation before and after heating could not be detected by HPLC or CD spectra. Based on these studies,
the NMR fingerprinting method is expected to be a new quality evaluation method that can detect minute
structural changes that cannot be detected by conventional structural evaluation methods.
Finally, the possibility that impurities due to structural denaturation obtained could lead to cytotoxicity was
discussed. If impurities due to structural denaturation lead to toxicity or adverse effects, a detection system
that correctly evaluates structural denaturation would play an important role in ensuring the quality and safety
of peptide drugs. Therefore, we evaluated the cytotoxicity of oxytocin and heated (50°C, 90°C) or 3-week-
stored samples. Samples were diluted from 100 uM to 1 uM, and cell viability was evaluated using CellTiter-
Glo 2.0 after 24-hours incubation with HeLa cells. As a result, no significant cytotoxicity was observed in any
of the samples.

The aim of this method was to develop a novel NMR fingerprinting method to detect structural information
of peptide drugs that could not be obtained by conventional evaluation methods. The completion of this
method is expected to make it possible to detect impurities due to structural denaturation specific to
compounds with large molecular weights, such as peptide drugs, and to ensure the quality and safety of peptide

drugs.



