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Study of development of advanced analytical techniques in innovative pharmaceutical manufacturing

technology for streamline and efficient pharmaceutical development process
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With the goal of ensuring a stable supply system for pharmaceuticals and streamlining pharmaceutical development,
continuous manufacturing (CM) which is an innovative manufacturing technology was focused on. Process Analytical
Technology (PAT) for a continuous stirred tank reactor (CSTR) and a plug flow reactor (PFR) system and improvement of
PFR technology, for the CM of active pharmaceutical ingredients (API), have been studied. Moreover, evaluation of the
physical properties of pharmaceuticals during a manufacturing process using terahertz spectroscopy and X-ray CT, and
investigation of the formation mechanism of dry spherical particles using synchrotron radiation X-ray CT measurement with
the aim of introducing it into the CM of pharmaceuticals, were performed.

A cell using a material that transmits the laser excitation wavelength of Raman spectroscopy and near-infrared light was
developed. Each cell was connected in series with a chemical-resistant tube, and the tip of the tube that discharges from the
PFR reaction field was attached to the inlet of the first cell. In addition, a separate sealed cell was developed to install the
Raman spectrometer, considering the effects of stray light during measurements. Under static conditions, when the solvent
was injected into the flow path, a clear spectrum originating from the solvent was obtained. Under dynamic conditions, when
the solvent was flowing, bubbles of dissolved gas in the solvent accumulated inside the cell, causing problems that made it
difficult to perform proper measurements. A cell with a mechanism to automatically expel air bubbles that have entered the
cell was developed, and that problem was able to resolve. By implementing a cell with a mechanism to automatically expel
air bubbles, it has been demonstrated that it is possible to achieve automatic measurement with minimal operator intervention.
Regarding the development of a PAT system for the CSTR, a jig was developed for measuring with a terahertz spectrometer
installed next to the CSTR device using the flow-through method. In preliminary studies, there were no problems with the
liquid flow even when circulating at a maximum flow rate of 30 mL/min, and it was possible to measure the terahertz
absorption coefficient and refractive index of the reaction solution. This enabled real-time analysis of the reaction solution
in a CSTR CM system. In addition, as part of practical application research, neutralization reactions of organic and inorganic
acids with bases were performed, and the changes in the terahertz absorption coefficient and refractive index were compared
with the changes in pH, demonstrating the feasibility of reaction monitoring.

To advance PFR technology, a new, rapid and efficient synthesis method using unnatural tryptophan derivatives which are
widely used in the development and research of peptide and protein drugs, by utilizing a continuous flow asymmetric
alkylation reaction of chiral Gly-Ni complexes with gramin quaternary salts was developed. The conditions for obtaining
disulfide bonds with LC purity of 99% or more were found by selectively activating hydrogen peroxide for lanreotide and
sulfhydryl groups for etelcalcetide, making it possible to manufacture API. Although real-time monitoring of disulfide bond
formation using Raman spectroscopy was successful in detecting low molecular weight compounds. A challenge which as
clear spectra could not be obtained remains in detecting peptides with complex molecular structures. The applicability of
flow vials, which enable real-time HPLC analysis during PFR, to gas-liquid reactions was examined by using the
hydrogenation reduction of ethyl cinnamate as a model process, and the difference in performance (amount of hydrogen gas
introduced and sampling accuracy) depending on whether a gas-liquid separator (degasser) was used was evaluated.

When a degasser was not used, sampling accuracy decreased when a large amount of hydrogen gas was present, but when
a degasser was used, stable sampling was possible even when there was a large amount of residual hydrogen gas, and the
RSD value was also significantly improved. From the above, the optimal conditions for using flow vials in gas-liquid reactions
were clarified, and future improvement in analytical accuracy are expected. As part of a study into the scale-up of gas-liquid
separation equipment, an evaluation system was constructed that combined a cylinder-type gas-liquid separation equipment
with a vacuum degassing type gas-liquid separation equipment in order to efficiently remove hydrogen gas from the product

in flow synthesis. The flow rate and amount of dissolved hydrogen gas for the three organic solvents, ethanol, acetone, and



toluene, increased in proportion to the solvent flow rate. Stable gas-liquid separation was possible up to 30 mL/min for ethanol,
but limits were confirmed under the same conditions for acetone and toluene.

However, it was suggested that by adding a back pressure regulator (BPR) to control the back pressure, stable gas-liquid
separation could be achieved even with these solvents, and degassing at a maximum of 40 mL/min was possible.

It was confirmed that this system can be applied to a scaled-up PFR while ensuring a safety margin by adjusting the flow
rate so that the amount of dissolved hydrogen gas is 20 mL/min or less. It is expected to be efficiently applied as a separation
method specializing in PAT.

In evaluating the physical properties of pharmaceuticals using terahertz spectroscopy and X-ray CT, the formation
mechanism of dry spherical particles was evaluated using synchrotron X-ray CT measurement, a technology for preparing
dry spherical particles in a short time and at low cost using chitin nanofiber (Chitin), which is biocompatible and highly
hydrophilic, was evaluated, and the effect of the mixing ratio with the active pharmaceutical ingredient and processing
conditions on particle shape and physical properties was evaluated using a dry coating method. Bromhexine hydrochloride
(BH), acetaminophen (APAP), and diclofenac sodium (DCFS) were used as APIs, and the physical mixing ratio with chitin
(BH:chitin = 100:1 to 100:10) was changed and processed by dry coating. Chitin was freeze-dried and sieved through a 32-
mesh sieve to make the particle size uniform. The particles were evaluated using scanning electron microscopy (SEM),
particle size distribution measurement (laser diffraction method), powder X-ray diffraction (PXRD), and structural analysis
using synchrotron radiation X-ray CT. Dissolution tests were performed using the paddle method with acetic acid and sodium
acetate buffer (pH 4.0). SEM observation showed that the dry coating method covered the drug substance with Chitin,
changing it into a spherical or nearly spherical shape. The particle size distribution showed that the median particle size (dso)
decreased slightly with increasing amounts of Chitin added, and the proportion of fine particles around 20 pm increased,
especially in the 100:10 blend. PXRD measurements showed that the BH after dry coating showed a type I crystal structure,
and a crystal transition similar to that of the BH treated with a vibration mill was observed. By using synchrotron radiation
X-ray CT, the contrast between the highly X-ray reactive BH and the less reactive Chitin made it possible to visually confirm
the internal structure of the particles and the state of the coating. In the dissolution test, all masking particles conformed to
the guidelines for bioequivalence testing of generic drugs and showed similar dissolution behavior to the drug substance. In
particular, 100:1, 100:2, and 100:5 were dissolved at 85% or more within 10 minutes, and 100:3 and 100:10 also achieved
similar dissolution rates within 15 minutes. This study demonstrated that dry processing using Nobiltamini enables efficient
spheronization and coating of drug substance particles with Chitin. Analysis of the shape and internal structure using SEM
and X-ray CT allowed visual confirmation of the mechanism of spherical particle formation and the coating effect. In addition,
crystallinity evaluation using PXRD confirmed that a stable crystal structure was maintained even after processing, and
dissolution tests showed results that fully satisfied the quality requirements for a pharmaceutical formulation. These results
suggest that the dry spherical particle manufacturing method combining Chitin and Nobiltamini is a useful method for new

formulation design.
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