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Efficient processing method of Paeonia lactiflora Pallas for large-scale production

Takayuki TAMURA, Kazuhiko AZUMA, Isamu OE, Sachiko TERASAKI, Toru KAWASUJI,
Kenji TAKEBAYASHI, Nobuyuki TAKAYAMA, Tetsuya YONEDA, Masaru OGASAWARA, Hideo OGISO

®

n"

IRFETIE, By Y 2Y 2] 2 LTT7 I FMEERD W [FoOM] 28553 5 2855
B2 x 70X 7 2 RN T 272D O EEE A L7z, SRNE, S SICRIERMY 2 iz i
BRI 2L HIBL T, MEYM L CHelRs 2 4530, BRGZE MR IR Lok
THRRBEZER L7, PRZEBETCOLBRIIBVT, MEES3michy M $A22I1CLY, A&
HKoOME Kok CHME) (SRER QBRFE v E GEBRIEIZI4H 2 512H1Z, FCREME
BEHEZ7H2S 6 HICHEM TXL2Z 2SI Lz HREE: L BWZR% bR L7 i
ZBWTIE, WYY VOB EORESEMEMEEICL D, BREARSM FLIEE ==y AT
TR H O HE LR TOM: EIFERS 2 ST L, K X NIRRT L 7.

Summary

We have established a processing method for farmers who aim to ship stably high quality
peony root derived from "Haru-no-Yosooi which is a cultivar of Paeonia lactiflora selected for the
brand of Toyama. In this study, aiming to improve to a more efficient method, we carried out a
drying test to investigate the effect of cutting and to establish a method of using natural drying
and mechanical drying together. As a result using flat-bed dryer, we clarified that the drying
efficiency improved without affecting the quality (component content and whiteness) of the
crude drug by cutting into a length 3 cm (drying period was shortened from 14 days to 12 days,
and the dryer working days were shortened from 7 days to 6 days.) . As a result using natural
drying, we revealed the indication of the days for drying and finishing drying conditions with
dryer in indoor natural conditions or in vinyl house by confirming the quality equivalence of the
dried samples, and we established low cost drying method.
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Investigation on analytical methods of biopharmaceutical products using advanced

analytical instruments

Rieko KOJIMA

R, WEAEENAFCTRFEEDNR S TV AL FESEGICHET 2 RBESEN SOk =—
A& B2 T, BINREFREMIERIEL ¥ ¥ =128V TNA T EE GO HAMN 2 235 2 &
ZHE TS, RIEEZF TIZ, NISTmAb (B / 7 0 —F VPR O LR RM8671) x4 & L
TREVERAT IR OBGET 2 17 v, AT 5k 7 u~x 777 - RATHRE BV &A% iE (LC-TOF/
MS) Zfio7z4 > ¥ 7 MEs, 7=y MEN, RXTF v €Y T EQREENT B %
LC&7 R2EEIE, ONA A EEGOEMIETER ZEVEE 2 KITTHHIIOWT, Fr ¥
) — RRIKE) & o 7T OGS, @34 F RSN (G-CSFRHAD) 234 & L 72Tk omET,
7o DO THET 5.

Summary

The biopharmaceutical industry has increased significantly over recent years and is believed
to have great potential for further development. In this study, we aimed to establish the
analytical methods of biopharmaceuticals, especially therapeuitic proteins, for technical support
of pharmaceutical companies in Toyama prefecture. Here we investigated glycosylation profile
of NISTmADb (standard monoclonal antibody RM8671) using capillary electrophoresis. We also
applied the analytical methods we have established so far to G-CSF formulation (filgrastim) and

optimized the methods.
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Summary

Continuous Manufacturing is a method of continuously producing without a break between
the processes, unlike Batch Manufacturing. The twin-screw granulation is different from the
batch granulation methods, and spiral dryer may be adopted as continuous drying. Therefore, it
is necessary to confirm the differences from batch granulation and clarify the characteristic of
Continuous Manufacturing. Hence, using a lab-scale continuous granulation equipment, the effects
of various parameters were compared, and the granules properties were also compared with
batch granulators. As a result, it was confirmed that effect of the liquid to solid ratio was larger
than the screw rotating speed as the granule properties. In addition, as a result of comparing the
water contents of granulation based on the plastic limit (PL), it was clarified that water contents

Evaluation of Properties of Granules by Continuous and Batch Granulations

were lower in the continuous granulation than the high-shear mixer.

F—O— K R 28R 7 ) 2 — R B (PL)

Key words : Continuous manufacturing ; Twin-screw ; Granule properties ; Plastic limit (PL)

&

il

R IPER DN Y FEETITbIR T W8 T
BIEICXY ) 20 EET 2 HEEIERZY, TRK
a2 E M MRS B HiETh L. A,
e 2E PE IZPMDASE O B 24 5 A% A & FRAR 1Y 123
R=PFLTBENY, REHOBEE - A AT
FERITHMTHLI NS, TERMICIZESRE R
WORAY V=Nl hbEEZONA. 5 EA -
VR TSR AR T 28 A L, R
AT BE, BNASEISHEGEE OB AT 572
DIZIE, BAORERLHEMEAGZERBL TBL L
NEETH L. #HEEEOBERIS THWHND 2
A7) a—1, SNFTONYy FEETHVLNLTWY
BRI E TR LN T D, BRI

B AMEBPRA SN T 260552, 207k
O, BEAF ORI D & OMLERZRERR L, i
A PEVRF B R LT R ER N T A =8 — 2 B oD T
% 2 LG ROMEREFENDBAITICLE L 5.
TIT, Ber sy —ITHBLEA L 7k R (GE
105, 7w A ¥ PREESER) T, A RE AR
ZeBEAE (2WhR 7 ) 2 —12 X Bk & R &
W BAIBI S 70k AT L% (PAT) 2w
T EERE RN TS L HMIZERE T o 72,



eSS

1. RE&
1) sEhHE
a) TERIFC e E

b) HEHFRIERIEE

G A= PER)

c) VREhE &R d) FRH SR

T

Gf-105
(7wmA v FPEZER)

FS-GS-5
(T —Z2F 7 =71 1)

FL-LABO
(7 mA v PEZER)

MG-55-2
(&L k)

2) Wy E R

a) L — P — [ 2O B0 A S

b) & EARVE 7B

—

SALD-2300 ((f0 & E8LERT)

TM4000Plus (B H 2 NA T 27 ) ao—X)

2. MAEBESLURETKE

(B 7 WVALY)

T N7 I 72y (Bh, SUCEEER) 60%
FLBEKFIY (200M, DFE Pharma) 21%

MO T U7y (HEBLZ) 9%
KEfaEer Fass o vk o — 2 (LH-21,
fERA L2 T 3E0) 10%
vrroF su¥rtirua—2 (HPCSSL, H#A
HOEW) AHRIN3.5%
(i T 7K H)

W FKREIZET VG OMERY (Plastic limit:
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Table 2 JBEEHMOREH (°)

Sy AN 5 B 1 2 3 4 Awv.
A E520%, 50 rpm 4500 | 4383 | 4383 | 45.00 4442
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Quality evaluation techniques for protein drug development using a time-of-flight

mass spectrometry coupled with liquid chromatography

Hideo OGISO, Rieko KOJIMA,
The Biological Analysis Group in Toyama Pharmaceutical Research Association
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28y BER O SV ERNTIC B B RN E O T R R L 7.

Summary

Liquid chromatography-time-of-flight mass spectrometry (LC-TOF/MS) is a very useful tool
for structural confirmation and quality evaluation in protein drug development, because it can
analyze structural heterogeneity of proteins by accurate mass measurement.

This study focused on the quality characterization of the standard antibody, NISTmAD, by
LC-TOF/MS. We brushed up protocols that have been already prepared for the measurement
performed in our center, and also prepared a new protocol for the analysis of host cell-derived
proteins. Through the establishment of these analytical methods, we have shown the usefulness

of mass spectrometry in the characterization of protein drugs.
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®1. 12527 MEROLC-MS/OX b 5L (FERERET, 80 COXURHTE /NI EZLCHHE)

NISTmADb 2 u g/2 u L% BioResolve RP mAb PolyphenyllC CTH L7z ED—F VA F vy 7ux I A%ERLT
4% 7 Mok 2QHCH2LC) ofbic, fE#EL 7297 2=> & (HC,LC, HC+LC) »#ii &7z,

®1. 1227 MERTER

Protein Form Mr Ref Mr Sample A Mr[ppm] A Mr [Da] Int. [a.ul [Rr;i?mple

NISTmAb_LC1 2disulfide 23109.2729 23109.2229 -2.16 -0.05 1.00E+04 5.57
NISTmAb_HC aglycon 49453.5116 49454.6942 23.91 1.1826 1.18E+04 9.26
NISTmAb_LC1_HC1 GOF T4020.3463 74019.6377 -9.57 -0.7086 3.96E+03 9.5
NISTmAb_LC1_HC1 G1F T74182.4869 74181.6019 -11.93 -0.885 5.85E+03 9.5
NISTmAb_LC1_HC1 G2F T4344.6275 T4342.7288 -25.54 -1.8987 1.02E+03 9.5
NIST mAb GOF/ aglycon 146591.8 146592.2227 2.88 0.4227 1.95E+02 8.65
NIST mAb G1F/ aglycon 146754 146756.227 15.18 2.227 3.15E+02 8.65
NIST mAb GOF/GOF - GlcNAc 147834 147837.3891 22.92 3.3891 1.19E+03 3.65
NIST mAb GOF/G1F - GlcNAc 147996.1 148001.062 33.53 4962 1.65E+03 8.65
NIST mAb GOF/GOF 148037.2 148038.7573 10.52 1.5573 1.31E+04 8.65
NIST mAb GOF/GOF + K 148165.3 148165.7181 2.82 0.4181 4.98E+03 8.6
NIST mAb GOF/GI1F 148199.3 148200.9196 10.93 1.6196 2.38E+04 8.65
NIST mAb GOF/GIF+ K 148327.5 148328.7658 8.53 1.2658 4.98E+03 8.65
NIST mAb G1F/GIF 148361.4 148363.2871 12.72 1.8871 1.96E+04 8.65
NIST mAb GIF/GIF+ K 148489.6 148491.0321 9.64 1.4321 2.43E+03 8.65
MNIST mAb G1F/G2F 148523.6 148525.4238 12.28 1.8238 8.58E+03 8.65
NIST mAb GI1F/GZ2F+ K 148651.8 148655.1649 22.64 3.3649 7.60E+02 8.65
NIST mAb G2F/G2F 148685.7 148686.9945 8.71 1.2945 2.91E+03 8.65
NIST mAb G2F/G2F + Hex 148847.7 148848.0657 2.46 0.3657 1.21E+03 8.65

(NISTmAb_Intact_4022d /NISTmAb_intact_tutorial_7.8)

BioPharmaCompass®% iV T, B #<40,000i3E€/ 74V ¥y 7 EHFEITT, HE>40,00013 FHH 512 T L 72.
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ENE-S28

Fe/2 Lys-loss GOE.S.
D RdEpyroeEle 10,15

PEEEs 99 T

=

% _Fd [89-239] _9.46

T T T T T T T T T T T T T T T T T T T T T I-nmel [m-”.:]
(T TIC M5
2. 71y MEROLC-MS/O%Y hJ S L
(FRES#EL7=25kDDY 71 =y b 3 % FERERME T80 COXMFRMHTLCHBE)

NISTmAb 20 u g% IdeSIZ & 0 BRE s, ZVEsociuss, B3R, 4 ugff4 2 BioResolve RP mAb PolyphenyliZ T
SGEELIzEED b= NVAFyrux b T T AERLT.

x2. Y71y MERRER

Protein Annotation Mr Ref MrSample A Mr [ppm] A Mr [Da] Int. [a.w] |Rel. Int. Sample [%] |Rt Sample [min]

LC LCTFA 2322713 123227.2524 -2.05 -0.0476 2.19E+03| 0.1 6.57]
LC LC 20xDea 231462781 23146.261 -0.73 -0.017 8.14E+03] 0.4 6.57
LC LC 55 23111.2886 23111.2707 -0.77  -0.0178 B.73E+04| 3.9 6.57
L& LC Hex 23275.357 23275.3358 -0.91 -0.0212 9.84E+04| 4.4 6.99
LC LC 23113.3042 23113.2987 -0.24  -0.0055 2.06E+06| 91.3 6.99
Fd [89-239] Fd [89-239] Hex 16026.7906  16026.762 -1.78  -0.0286 1.52E+03| 1.9 9.46
Fd [89-239] Fd [89-239] 15864.7377 15864.7283 -0.59  -0.0094 T.83E+04 98.1 9.46
IFd Fd pyro-Glu Hex 25834.8594 25834.84 -0.75 -0.0194 5.25E+04 4.2 10.15
Fd Fd pyro-Glu 25672.8066 25672.8177 0.43 0.0111 1.19E+0§ 95.8 10.15
Fc/2 Fc/2 Lys-loss 23775.9295 23775.9599 1.11 0.0264 3.13E+03 0.4 5.2§
Fc/2 Fc/2 Lys-loss G1F+G (G2+A) 25689.6066 25689.6195 0.5 0.0129 7.63E+03 0.9 5.28
Fc/2 Fc/2 Lys-loss G1F+N 25585.5956 25585.5715 -0.94 -0.0241 [7.16E+03 0.9 5.2§
Fe/2 Fc/2 Lys-loss GOF-N 25017.384  25017.401 0.68 0.017 1.71E+04 2.] 5.28
Fec/2 Fc/2 Lys-loss G1F-N+G 25486.5272 25486.5311 0.15 0.0039 1.79E+04| 2.2 5.2§
Fc/2 Fc/? Lys-loss GOF 25220.4634 25220.4792 0.63 0.0158 2.77E+05 334 5.28
Fc/2 Fc/2 Lys-loss G2F2+H 25706.6219 25706.6353 0.52 0.0134 1.94E+04 2.3 5.28
Fc/2 Fc/2 GO 25202.5005 25202.4687 -1.26  -0.0317] 2.25E+04 2.7 5.28
Fc/2 Fc/? Lys-loss GZ2F+2H 25868.6747 25868.6819 0.28 0.0072 T.9TE+03 1 5.28
Fc/2 Fc/2 -Lys G2ZF+H 25706.6219 25706.6353 0.52 0.0134 1.94E+04 2.3 5.28
Fec/2 Fc/2 Lys-loss G2F 25544569 25544.5791 0.39 0.0101 7.73E+04| 9.3 5.28
Fc/2 Fc/2 Lys-loss GZ2F+G 25851.6594 25851.6649 0.21 0.0055 6.27E+03 0.8 5.28
Fc/2 Fc/2 Lys-loss G1F-N+A 254705323 25470.5039 -1.11  -0.0284 4.61E+03 0.6 5.2§
Fec/2 Fc/2 Lys-loss G1F 25382.5162 25382.5286 0.49 0.0124 2.77E+09 33.4 5.2§
Fc/2 Fc/? Lys-loss GZ2F+H+G 26013.7122 26013.7208 0.33 0.0086 5.33E+03 0.6 5.28
Fc/2 Fc/2 Lys-loss G1F-N 25179.4369 25179.4446 0.31 0.0077 2.08E+04 2.5 5.28
Fc/2 Fc/2 Lys-loss GZF+N 257476484 25747.6362 -0.47  -0.0122| 3.65E+03| 0.4 5.2§
Fc/2 Fo/2 Gl 25364.5533 25364.5145 -1.53  -0.0388 2.55E+04) 3.] 5.28
Fc/2 Fc/2 Lys-loss G1l+A 25527.5537 25527.5657 0.47 0.012 9.84E+03 1.2 5.2§

(NISTmAb_IdeS_4085d / NISTmAb IdeS Digested_Tutrial_10.0, 11.0, 8.13)
BioPharmaCompass® % FiV>C, PRFFRER4.0 - 12.0min% — B2 7 — ¥ L L 7-.
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NISTmAb_Tryp_3_1-2_01_d128.d BRC*AINS

ik,

Info | Proteins & Peptides| Unidentified |

Row X 0K Protein

Y ) NIST mAb PM_Ogis020200212aHC
2 ] NIST mAb PM_Ogis02020021 2a.L.C

NISTmADb 50 u g% # Tt 2 %,

LEDOXR—AY—277ux I %R
THo7z.

(FragCov) 13>92%

HC

TI/EEE

01
K450

M34

M87

M101

M255

M361

M431

N78

N86

N289

N318

N364

N383 (N392,
52577
K291?
K329?
53407
K3417

4956 85 & 96
231 78 62 986

K3. NTFRYvEVIDODLC-MS/7OY NI L
(NEZ2EERET, NI TIUICKYRTF RICHRLZE0OZ FEEBETLCHBE)
BLEE L, MY 7Y UMb, 4u g% AQUITY UPLC BEH CI18IZ T4 L 72

£33, XTFRIvEVIHSEH LTI/ BRIEMHE

FI/BEH | %
v oay MRvERE 99.9

fik:i:3 85.1
34 24
(3[4 12
4[4 12
Bk 29
3[4 35
Bk 1.3
M7z ki 0.4
M7z ki 1.0
Bi7 2 Kb 1.3
Bi7 2 Rt 16.0
B2 Rk 1.9
N393) Bi7 = Fik 11.0

/Y0t 01
e ) e G Bl e
A Ot 2
Se ) b G o g G
/7Y a 04 2

fEEmiE (1L @)/ [FREEE (@) +E 8 )]

fEEm (1 @)/ (RS (1 @+ 2fd) +S a1 )]

BN (3 M) / [ 8 s (310) + 1S At (31) ]
EEmE (2 1f)/ [ AEE A (2 @) + S0 (21f) ]
BER IR (21R)/ [IEER (2 1M) + 1S8R (218) ]
IBEREE () / [RISER (2 1M) + IS8R (218) ]
BEREE (M) / [RIEER R (31M) + 1S8R (31) ]
ISR (1) / [ IS 80 i (5) + 1S8R (518) ]
SRR (1) / RIS AR R (21M) + IS8R (218) ]
SRR (1) / [RS8 i (21M) + 1S8R (218) ]
fEamiE (3i) / [ RS ARt (31) + {5 At (3fih) ]
TEERER(3{H) / (RIS ER = (310) + 1B AN (31) ]
BB (2{f)/ (RIS ER E(20) + 1S AR (21) ]
BRI (3H) / [FIE 8 = (31E) + 1B A (31) ]
BB (2{f)/ (RIS ER E(200) + 1S ER (21) ]
GREE DR —~=7F FigHah )
CGRiBERDE—<7F FigH&Eh )
GREEETDE—<7F FlgHahT)
GRIEMHOE—~7F FEdah )

MW [kDa] pl #Peptides SC[%] anC;v [%]

921
920

COBED Y =4 Y AHIN—F (SC) 13>98%,

Score RMS90 [ppm]
65420 0
38843 069

NISTmAb _Tutrial_7.0

777X/Fﬁn—”

fEEmth (21m)/ [ IS8 (2 M)+ EEnfE (21) ]
etk (afil)/ R IEEh R (4 1H) + EERE (A1) ]
fEanth (2Mm)/ [~ IEantE (2 @)+ EamE(2fE)]
TEaniE (2ff)/ [R{Ean i (21f) + S8tk (21@)]
fEEpt2Mm)/ (RIS (2 i)+ S EnE(21f) ]
TERnER (3fi)/ [ ISEH R (31H) + EamTE (M) ]

M32
N136
N137
N151
S512
K148?

Bzt 3.2
Iz Bk 7.8
7z Fik 2.0
L o 1.7

E L m Ll 570

/U0 2

GREfOR—~<7F FiRH shd)

1) MOEAL, NOBLT7 I F4E, S, KOE 2 7)) a I MEO gtk 2 ZB L7 L ZIT7H A4 Y E8N7 I/ Bikika R L7
2) [l—R7F F—Mi 0Bk & Bk E O ¥ — 7 REL» SR 2 HN L.

3) 7S T AL MK UH

ST 3 BRIRIEDHEE T & 2 E, R CRLZ.

4) CRKBEECBI L Cid, F—flifzZEEs, ¥—rmElz il L.
5) 70 3y AL OWTIRIEEFMiCTH 5720, [? ] Z2fF L7



I o7z (F4, M4).

5. FVdv—f#f

PURERIRIZ & T B B fhid, PUEVED R INIC 7
LRSI TE Y, i ETHSH. H
EOHTIT 2 B BERARRHE, K11 ~100 nmA2
e R ET YA AR rux b7 4 —

(SEC) I2& a4 a~x— (2&fk, 3&EMAKE) DFF

BN (MS) & 2MAGHLETIT) A ) T —0Dill
EFEIZO>wWTTa b a—fELTWw5.
S OPETIX, BEVESMTFT60 CThmE s L 7

- - <)~ 1D ~ > 1 > b 2 S AT Y . .
il EL. THETICFKAIE, SECEA Y27 MH WHERFIBWTY A v —RMEESI 7z $72,
R4, BEXTF NETER
o RT [min]_m/z meas__Am/z [mDa] M meas.___mSigma__long Name Molecular Formula Annotations Area %
il 1895  878.6872 0.338 2633.04 35 8IM+H+H2I3+ GOF C106H184N18009 Analyte List 201121 1786526 3569405
12 1888  932.7048 0363 2795.093 324[M+H+H213+ GIF C112H174N18064 Analyte List 201121 1685680 33.67919
1884  986.7223 0221 2957145 338[M+H+H213+ G2F {GI1F+H) C118H184N18069 Analyte List 201121 457410 9138364
3 1892 1215987 0.558 242996 16.5[M+H+H12+ GOF-N C98H151INI7054 Analyte List 201121 158880 3.174357]
B 1895  865.0118 047 2592.013 35.1[M+H+H213+ GIF-N C104H161N17059 Analyte List 201121 135236 2.7019q
6 1884 1040739 -0.353 3119196 44 9[M+H+H213+ G2F+H C124H194N18074 Analyte List 201121 09538 1988728
[7 1919  967.3754 0685 2899104 137[M+H+H213+ GIF-N+G C115H178N18068 Analyte List 201121 00898 1.816105
B 1982 59526 0319 1188505 37[M+H+HI2+ aglycosylated CBOHTZN14020 Analyte List 201121 78820 157479]
19 1888  919.0283 -0574  2754.063 62.9IM+H+H213+ GIF-N+H C110H17IN17064 Analyte List 201121 60716 1.21308Y
[Lo 188 1094757 -0.459  3281.249 26.5[M+H+H2]13+ G2F+2H C130H204N18079 Analyte List 201121 54184 1082574
i1 1895 1203472 0865 240493 64 5[M+H+HIZ+ M5 CO6H148N16055 Analyte List 201121 53728 1.07346.
2 1906 1142959 0922 2283903 140.7[M+H+H12+ GO-N C92H141N17050 Analyte List 201121 b1176 1.022475
13 1895 1000398 0.113 2998171 49.2[M+H+H213+ GIF+N C120H187N19069 Analyte List 201121 36058 0.720424
L4 1916  1035.068 015 3102182 40 8[M+H+H2]13+ GZ+A C123H191N19073 Analyte List 201121 20882 05970
15 1892 1054416 0442 3160225 50.1[M+H+H2]13+ G2F+N C126H197N19074 Analyte List 201121 26722 0533895
e 191 1089.086 0137 3264235 105.4[M+H+H2]3+ GZF+G C129H201N19078 Analyte List 201121 24584 0490379
L7 1895  946.3777 -2.263 2836111 63.5[M+H+H213+ GOF+N C114H177N19064 Analyte List 201121 23784 0.475199
[L8 1899 1114447 -0.266 2226.879 TLTIM+H+HIZ+ M3F CO0H138N16049 Analyte List 201121 21256 0.42468§
[t9 1884  973.0416 -4942 2916103 109 7[M+H+H2]3+ MBGIF hybrid C116H181N17069 Analyte List 201121 18682 0.37126]]
20 1895  924.3595 -1.075 _ 2770.057 90.5[M+H+H213+ M5G1 hybrid C110H17IN17065 Analyte List 201121 16420 0.328065
21 1888 1108433 0331 33227277 33.6IM+H+HZI3+ G2F+N+H C132H207N19079 Analyte List 201121 12224 02442
[22 191  830.0006 -0.244 248698 148 1[M+H+HZI3+ GO C100H154N18055 Analyte List 201121 11256  0.22489
23 1892 1134961 0278 2267.907 95[M+H+HIZ2+ H2ZN3F1 C92H141NITO49 Analyte List 201121 11252 022481
P4 1913 1021393 0833 3061158 66.5[M+H+H2]13+ MBGOF hybrid+G C1?1H188N18073 Analyte List 201121 8070 0181215
[25 1899  748.6329 0.708 2242877 101 [M+H+H213+ M4 CO0H138N16050 Analyte List 201121 8322 0.16627|
[26 1906  816.3265 1121 2445958 162.8[M+H+HZI3+ GI-N CO8H151N17055 Analyte List 201121 7166 0.143174
27 1903  870.3438 0.968 2608.01 181 3[M+H+HZI3+ GI-N+H C104H161N17060 Analyte List 201121 6170 0123274
[28 1928  1026.725 1025717 = [M+HI+ HBN3G1 (3+) Manual 5002 0.099938
29 1906 884.0192 883.0119= [M+HI+ Gl (3+) Manual 4748  0.09486
0 1895  978.3784 9773711 = [M+H]+ M5G1 hybrid+H (3+) Manual 4258  0.08507.
1 1895  981.3894 980.3821 = [M+H]+ GIFZ (3+) Manual 3638 0.072688|
2 191  1075.409 1074401 = [M+H]+ MBG1F hybrid+G (3+) Manual 3112  0.062178|
3 191 6946163 2080.827 = [M+H+H213+ M3 (3+) Manual 2204 0.044035
4 1899  856.6663 1711318 [M+H+HI2+ M6 (3+) Manual 2016 0.040279
5 1927 1539586 4042 3077158 124 A[M+H+H]2+ HEN3G1 C121H188N18074 Analyte List 201121 1762  0.035004
6 194 1027.062 1026.054 = [M+HI+ M5G1F hybrid+H (3+) Manual 1704 0034045
B7 1913 1102763 3305.267 [M+H+H213+ GIF+N+G Manual 1174  0.023456

N, GlcNAc; H, Hex;

G, NGNA; A, NANA

NISTmAb_Trp_celbound_1-2_01_4149d

MetaboScape® % i\ T, HHEERTF FORBELEN LR TF K& 7L v L7z

hten;; NISTmADb_Trp_cebound 1-2 01_4149.d- BC 924.361020.005 +AIl MS
x10% .
13 M5G1 hybrid 25
7 / g
htenU% NS TTAb_Trp_cebound_1-2_01_4149.d- B 973.047020.005 +AI NS
x10% .
] M5G1F hybrid 4
0, | Hr
hteHQE NISTmAb_Trp_cebound_1-2_01_4149.d- G 978.379020.005 AT NS
4000 M5G1 hybrid+H i
2000 / L
htinu% E NISTmAb_Trp_cebound_1-2_01_4149.d. EG 1021.393020.005 Al NS
X E| .
T M5GOF hybrid+G A
E £
it NISTmAD_Trp_cebound 1-2 01_4149.d- G 1075411020 005 +Al NS
] M5G1F hybrid+G
2000 /1
htino% ] —NSTAB_Trp_cebound 1-2 01 4149.0 G 1026.725010.005 TAT WS
X ]
E H6N3G1 ih,
E 1M
owter——r—r— - Tt 7 T 1.1 Todint ol a5 4
175 18.0 185 19.0 195 20.0 205 210 Time [min]

H4. WEREANTFROTRAoO% NI Z LA
NISTmAD 50 u g% LB L TIR7=_TF F= v B FHBRBHIOWT, MRt Ve — A2 REL72AE YA T A2 v
THENR 7T N &R, 20 u gf24% AQUITY UPLC BEH CI8IC Tl L7z &~ A u~ b7 5 A, M BRAAHE
DA F—HERTF FEPIRL 7.

NISTmAb® 5451y 12 2 v TSEC-MS% H v Tl
ETHIEICE), FAT—DORELIBEDILF ) T
Y —WICE L B E 5T RETRZ 52 L 2 ilAh
72 (K 5a). ZOREE, FTEEEEMETOMBMLEIZ XY
FA =AY, FRAREZ 50 2B O

F



Y T DU TIE, BAPERTL % X

R—IZELZEPHRENED,OHERE IR (KM5D,

BRI S A < =D S, BRIEEED XD iRV o).
TTRDFEYANVT 4 F#EEICE AWM A 6. EEXMRBESR /NI EOMREN

Intens.

*10 Dimer position (~8.4min) ‘

‘, Void volume (~7.5min) L
1z

1.00
0.75

0.50

-

15 } - — d =

Monomer position (~9.8min) |

3% FA, 60°C, 60min
0.5% FA, 60°C, 30min
0.1% FA, 60°C, 30min
0.5% AcOH, 60°C, 30min
60°C, 60min
Non-treated

025

TRAER P

75 10.0

125

480 175 200 Time [min]

ba. M&EDFOYA XBgysOY I Z>7 1 (SEC) -MS/O% IS L
(Exz A T 1 TEHET CSECHBEE, TEEME LA A1)
NISTmAD 20 u g% M#MLFL L 721, 10 u g#l24 2 AQUITY UPLC Protein BEH SECIC T/l L7z 7 < b 75 A

(m/z 3000-6000) %/~ L7z. FA : ¥, AcOH : FEE&.

Non-treated

NISTmAb_1-2_01_4151.d: BC 3000.0370-5000.0768 +All MS

5 " i frin]

tens. T NisTmAb 1-2 01 4151.d: +MS, 9.4-10.5min, Deconvoluted (M3

0.5% FA, 60°C, 30min

Intens.
x1077]

0.8+

NISTmAb_FA05_30_1-7_01_4156.d: BC 3000.0000-6000.0000 +All MS

£%,

Y

Fo
/N

LI e e
4 5 6 T Y

\Elmer position |

0.6+
0.4

024

0.0

T
" 12 Tire [min]

= = > b 205 30_1-7_01_4156.d: +MS, 8.2-8.4min, Deconvoluted (MaxEnt, 33|
105 TAVFRY a— g3 R0 sty
Ll 148203.7492 BEZRY R 148200.9991
=
4]
4 F‘ Monomer
34 Monomer 5 [ ‘
2 | | o ;
2 W J\ Dissociable dimer
1 1 Rl._‘ﬂ o9, L\
= I A
(15 O . ||| 1L 1) - 0 4 Bl 10
147000 147500 148000 148500 149000 149500 150000miz

147250 147500 147750 148000 148250 148500 148750 149000 149250 iz

B 5b. 0.5%FE7NM, 60 C, 0FNEBICE>TETEEAT—DEEAXNT ML

0.5%FMR, 60 C, 300 MBIRICTEM SN D ¥ A v —1F, BRIESRMFTOA F MU E /) v — IS LB 2 05,
JREEYE S A < — DR L7z b o L HMr L 7-.



Intens. |
x107 4

NISTmAb_FA3_60_1-6_01_4155.d:- HC 3000.0000-6000.0000 +AllMS

3% FA, 60°C, 60min

|’ Dimer position 1

,I Monomer position

Intens.
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EEARIZ b

00
20000 295000 296000 297000 298000 299000  miz

2 NISTmAb_FA3_60_1-6_01_4155 d= x min, Deconvoluted (MaxEnt, 300}
296728.7827 .
= m v 5
254 ; FaAYRYa—3ED

T T T G
10 S 2Temp—— -

-

Intens.
x104|

NISTmAb_FA3_60_16_01_4155_d: +Ms, 9.8-10.1min, De convoluted (MaxEnt, 32}
148203.0363

Monomer

147000 147500 148000 148500 149000 149500 mz

Dimer Intens. { NISTmAb_FAS_60_1-6_D1_4155.d:+Ms, B,2-8.6min, Deconvol uted (MaxEnt, 347
l x108 @ monomer
Undissociable dimer-oligomer H
2 Dimer
!

1

Undissociable|dimer

0
234000 295000 296000 257000 298000 299000

T
mz

E5c. 3%FEEAM, 60 °C, 60FNIBICK>TETSA) IT—DEEANY ML
3%FR, 60 T, 6077 MBEIRICERENL F A=A ) I3 =18, BRUERTETOAF MLRIZF A v—DEREE LT
WESNDLZ s, FEMHEEIESY A < —2VER L7z @ Lk L7z,

BRI D ¥ vy Bk A S, S
WK L7245 VX2 K TH - T, MaofE LM
forsk ¥ » 7322 (Host Cell Proteins, HCP) ®iEA
EELT 5. HCPAKEIZELISAIC X 0w B
AT TWBA, ELL L, L0 IEMLHCP
A I EE O FERABE LT EEZ LN TW
%. NISTmAbIZ DWW CTHE &M EF % v CHCP % il
E LD S B, 2017412 Huang S (BE TR 2)
&, 1ppmbh k@ L N T S 5 HCPIZ50HE 7
JEICRAZEEZHELTYS., 209 510 ppmL X
VUL EOHCPIX 8 R EMIN I T b, HESH
WC X BHCPNT D% L 1, BREOE VW —E FT v
TRVE s NEIR F VLCEMAGDbE -7 a T 4 3
AT AT AIZENITTDORTWAEY, ADI AT
2Ea Ry aFVLCIZQ-TOFZ A G b 723
BETHY, 707+ — LN L OV O E K EEMERE % i
ATWhWw, 22T, AY A5 4% HW7-HCPHllE
OBRAZIET LI LIEFD, BN VI0ug
ONISTmAbZMERE L Lz FEo 70 b a—uit
ZMGT L7, Z0%%, Huangb D HEZSEIZLT:
B, i CHBMYR CHCPH S TE -2 b 70
Pa—nELTHRHATAZEE L.

FIZA5BOME T, dY 7Y ¥ ENISTmAbD
HHA400: 11T, 74 XF—%%hy b+ 75X
{, > 7 Fvthreshold® FiF A0S ZEE N A
HZEIZED, XMW ARHCPHERTF FOE R

TF=ERGT LI ENTE (K6). TN2LD,
Huang ® 2345 L 7220 ppmbL F& 1 2HCPE &1l
I22WTC, Huangb OHEH (BECH2) 12X Dk
WA BEMT I LA TE (£5a, b).

i

WEMBOGIZEH% Y ~ ¥ —DOLC-TOF/MSY A 7 A
VT, PUREREOFEMBTZ B E Liz—HD 7
QrI—NVETITy ATy TTEIENTEL K
Wigex @ LT, & v 287 BAHicBF 5LC-TOF/MS
HEEOWRELE ZORRICOVWTHREED L L X
7z, AMROBRIE, PREEOALLETDY 8
7 BHN O REVERAT I IC DB TE 2 5D TH
5. HEARTHEDL ZOFBFIZBWT, F4IZAISEX
BONE»S, 7O b a— L oEnRelEE 7 a b
A—=NVDT Ty 2Ty TVEEEZHE T T BERD
LHEEZTWD,

BEHR

1) Mol Cell. Proteomics (2020) 19, 11-30
2) Anal. Chem. (2017) 89, 5436-5444.



htens? i NISTmAb_HCP Trp_1-2_01_4224 d: BRC +All MS
x107

204

O T | £ ﬂ‘m A
4‘0 80 80 100 120 12*0 : Tire [min]

6. mEMEEEEE>/NIE (HPC) DiHDRXTFRYvE>Y
Huang 5 D)5k 2 A L C, %Lﬂ WHE, RNT 247> 72, NISTmAD 100 u g% LT, bV 7¥ YUBL -4k %
AQUITY UPLC BEH CISIZ T/l L DX =R E—=27 7u< b 75 4. ZOW, 70 b ETHRSNDL AT v —
Y —ZINISTmAbHIR A7 F FTH Y, HCPHKATF Fidfhe—2 & LT Shiz.

MS data file D:¥Data¥Ogiso¥Bukai¥210115¥NISTmAb_HCP_Trp_1-2_01_4241.d¥NISTmAb_HCP Trp_1-2 01 _4241.mgf
Database  NCBlprot 20180907
Taxonomy Mus musculus (house mouse) (177,456 sequences)

Num. of Num. of
Num. of significant | Num.of significant
Family Member Database Accassion Score Mass matches matches |sequences sequences emPAl Description
1 1 NCBIprot AlU56799.1 11126 25944 328 328 8 8 1.57| antillox-1 15C4 light chain [Mus musculus]
2 1 NCBlprot AlUS6798.1 10162 51300 347 347| 7 7 anti-| Lox 115C4 heaw chaln [Mu; musculus]
3 1 NCBlprot  NP_D31464.1 8146 39331 319 319 23 23 se-bisphosphate aldolase A isoform 2 [Mus musculus]
3 2 NCBlprot ~ NP_033787.2 5106 39370 228 228 19 19 3.44@ fructose—brspho;phate aldolase C [Mus musculus]
3 3 NCBiprot EDL15562.1 1394 11284 58 58 5 5 2.66) aldolase 3, C isoform, iseform CRA_c [Mus musculus]
4 1 NCBIprot AOR52367.1 2854 11248 64 64| 2 2 0.69| immunoglobulin light chain variable region, partial [Homo sapiens)
5 1 NCBIprot Q922RE.2 2574 48070 81 3l 5 5 0.33@ protein disulfide-isomerase A6
6 1 NCBIprot ABCB6083.1 761 15988 40 40| 1 1 0.2y immunoglobulin kappa light chain, partial [Mus musculus)
7 1 NCBlprot AAF04609.1 476 10884 12 12 1 1 0.3 immunoglobulin kappa chain, partial [Mus musculus]
Chain B, The Crystal Structure Of H-2dd Mhc Class |1n Complex With The Hiv-1
8 1 NCBIprot 1BIl_B 344 13814 13 13 2 2 0.54 Derived Peptide P18-110|
9 1 NCBIprot BAAO3821.1 281 49129 17 17| 3 3 0.21) cytokeratin 15 [Mus musculus]
9 2 NCBlprot AAA3S391.1 249 57807 14 14 3 3 0.18 epidermal keratin subunit 1, partial [Mus musculus]
10 1 NCBlprot AABDS5161.1 158 11369 12 12| 1 1 0.3 Ig 4A1.A4 light chain, partial [Mus musculus]
11 1 NCBIprot AAA39825.1 151 62728 12 .

& b5a. MASCOTRICEB 2NV ERE

MASCOT##rCt v b L7z EAZ1IIEEMHD ¥ >3 7 B # 7R L7z, Huang b O L7z EA4REBICAHY 5 2HCP (@) %
Ml C & 7z, MIEPURHERR T F 8, 7203, BATF I F 0 ETH- 7

Peak Area ppm

pepl pep2 pep3 mean
B-casein 5162269 4824839 2333042 4106717 500
neuroleukin 194855 177339 137987 170060 20.7
protein disulfide-isomerase A6 | 1145629 821096 698311 888345 108.2,
fructose-bisphosphate aldolase A | 1976489 1631712 1380518 1662906 2025
fructose-bisphosphate aldolaseC | 655691 76363 489457 573837 69.9

#£5b. NISTmAbICEEND Y AMBIRRES > /NI B O
By UNRTEIIH LTy PLERTF RO bRIBEDZ W3 DO -7 RO EZD 5 VX7 ORI
M2 EAE LT, WNEBEEHE B 7 B A > & SR 125 & 2 5Tl L 72
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An LC-MS/MS Method for Quantitative Determination of NDMA
in Drug Products and Substances of Valsartan, Ranitidine and Metformin.

YONEDA T, TAKAYAMA N, TAKEBAYASHI K, OGASAWARA M,

The Chemical Analysis Study Group in Toyama Pharmaceutical Research Association

= #

ZtuV T IV, BUWEPANEETALEEZLNTWS, I, EHEHPICHTAEEIREE
DElo=1trvv7 Iyt SN Hp05MHRE, IRPTERGOBENNfTbN. E3HEM
o= ba V7 I VOERSNITERZETT LI, ERGNOREMEZMHIRT A 7-0IIFFICE
HThHb.

AWFZeTIE, LCMS/MSE MW, NAVH Ly Y, SZFIYRUARVI VPON-= b1
VY AFNT I (NDMA) O HiEONEY HIg LI 21772, ZO&E, 05~10ng/mL
OWREFPAIZB T, HBFRE R)>09990 BIF R EMEDTG Sz, Bilids X e RE L,
ZNZNn01Ing/mL, 05ng/mLTdh-o72. WAHLVEF Y, FZFIURFAMELI VIZOWTHR
TNEGERER % 47 o 72455, BUEIX89.6~1103% TH ) BifF A RINETH - 72, k25, LC-MS/
MS#% W72 ES S ONDMA D ST ik HEsd 2 2 L BT X 7=,

Summary

Nitrosoamines are considered to have high carcinogenic potency, and several medications have
been subject to recall worldwide due to the presence of these impurities. To ensure the safety
of pharmaceutical products, it is important to establish an analytical method for the quantitative
detection of nitrosoamines.

In this study, an LC-MS/MS method was validated for the quantitative detection of NDMA
in drug products and substances of valsartan, ranitidine, and metformin. Good linearity with a
correlation coefficient (R) > 0.999 was achieved at the concentration range of 0.5-10ng/mL. The
limits of detection and quantification were 0.lng/mL and 0.5ng/mL, respectively. Recovery tests
were carried out by applying NDMA to valsartan, ranitidine and metformin. The recovery rates
were determined to be 89.6-110.3%, which were well acceptable in the validation process. In
conclusion, a practical LC-MS/MS method for the determination of NDMA in drug matrices was
established.

F—J—K:EEN ey Ty, fifkrax s 7ERONE
Key words : drug, Nitrosoamine, Liquid Chromatograph - Mass Spectrometry
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WasiTbn3 W, 2otk =raV7 I YORAN

—huvy7TIviE, TIvi=raviErofts
WOKRKTHY, HPLEPAMEZET L Z &AM
LNTWBY, FBENENRA) A7 # KT 57200
PR3 DNABUS T (ZREME) ASHEM o ¥ K& O
B (ICHM?7) <k, 7521 (BMaoZ R
BAWE) [THEENTW5Y,

20184E 6 HIZ/NVH v VEIIZBWT, = ta Y
TIVDO—DTHAN-=bavI I AF LTIV (L
T, NDMALIRT) PHlis 2 &2,
FGoFTURA MRV VB LT DR A B )
L=V 7 IyAH SN, HRMICEEGOR

PR T X WA OWTIL, BB REFIRO 5N
TWwh, ZBEAFO= TV 7 I Y OFEBIRE
®wiE, R10oLBYEEINTWEY, fitoT, = F
oy 7 Iyo)A7EMET)ICE, KPP OFFAEEE
FRERZ IFMEICERTE 20N TEEREEL 2L
oV, ZOEICBWT, FABIURE R IIHD T
METH A0, BHAPICTEINLGHMEO=TIO YT
IV EMIT A2, R RO R & OBl At
KU RTHDHIEHIRENT VB,
ZZTARIETIZ, IhEFToMEFY 28%12,
AP ICHFABINRERL LORAPHRE S L
NDMAIZ 5 %2 K4 T, B+ ¥ % —DLC-MS/MS%



i L, NDMA® 57 &F o i l, Nvyvy v
8, SoF VUL PR PRV VERHW
NDMA® MBI EER % 8 ©C, NDMA®53#7 )7 3

EREET LI HME L, UTICZOMENEZ

Witd 5.

®1. ZdOVF7IVO—HEREDOHEENREE

i nvras BRI
(ng/day)

N-nitrosodimethylamine (NDMA) 96
N-nitrosodiethylamine (NDEA) 265
N-nitroso-N-methyl-4-aminobutyric acid (NMBA) 96
N-nitrosomethylphenylamine (NMPA) 265
N-nitrosoisopropylethylamine (NIPEA) 26.5
N-nitrosodiisopropylamine (NDIPA) 26.5

HERUHER

43HEIi, ACQUITY UPLC H-Class PLUSY A 7
A, FUXevo TQ-XS% ¥ F & W HARK &0 &t &
vz, %, w5 RYSEREE O G X O S E O M)
X772y FEQO, NV VERTT=FY
YIRERIE SO W T OTMBIGRERIL 7T Y v MR
@, A MRV VEIZOWTORMBNGRERILZZ 5 Y
IV RO X Y T 24T - 7.

LC-MS/MSH#i4ett:

LC&A:

¥iE © ACQUITY UPLC H-Class PLUSY A 7 4

# < 2 3 ACQUITY UPLC HSS T3,

1.8 um, 3.0x100 mm

H5 L 30 C

HAE 10uL

e 0.5mL/min

BEMHA © 0.1%F MK

BB : 01% XA ¥ / — )b

AT © 54 or T4

FIIIYMEHD (A) 5% (B) 5%

IV MM 0 0~365 (A) 95% (B) 5%
36~5% (A) 95%—5%

(B) 5%—95%

45~75 (A) 5% (B) 95%

75V MDD 0~45 (A) 97% (B) 3%
4~4555 (A) 97%—3%

(B) 3%—97%

45~75 (A) 3% (B) 97%

MSZtt
i Xevo TQ-XS% ¥ 7 4 U HEAREVE =50 Hr 5t
A+ fbE—F : APCI
Voltages
mode : current corona : 1.0 [uA] cone : 25 [V]
Gas Flow
desolvation : 800 [L/hr]
nebulizer : 4.0 [Bar]

APCI probe temp : 450 C

cone : 150 [L/hr]

MRM 444
TV Hh=%—=\Ta¥ 7 b Collisi
3% fF v £ F > Cone (1)1 lflon
(m/z) (m/z) enersy
NDMA 75 o8
43
64 25 10
d6-NDMA 81 19

® TEERFEEDOFM

NDMARE B R O AP 2 ER L, RRtoir &t
BT OB 25 0] BE 72 I BE i P L 2 D v TR
L7z, ZofRE ) waBREZ8 L2 @'l
TR OFHBIZ DWW TiE, HAREROS/NIL %2 5 H
L, ZOEDI0LL 1 & 7 % i b R IR 2 2 = PR A i
JEE L7, EREPUREICOWTIIHEHE 2 MRS 5
728, 6 MR LiIEAICX ARSDE &I L 7.

L JE I oD i

NDMA (HALEK) #10uL (10mg) #=# H, 10
mLOAZXTFGAAIZANAY ) —=)IVTARAT v T L
72 (1mg/mL). 1mg/mLONDMARE % 45 #AK T
A ML, 10 ng/mL, 1ng/mL, 0.1 ng/mLANDMA
FEHE R &2 T N Z a3 L 72,



PR HE Ui 0D i

d6-NDMARE # 7  (100 u g/mL) (B AL%:) %
ImLzY), 10 mLOARXTFIAIIZANRAY ) —)b
TAAT v 7L7 (10ug/mL). 10 u g/mL% kHIK
TAML, 100 ng/mLDd6-NDMAKEHEE ik 2 FHHL L /2.

o HE VA O i

LR TR L A B R & AR HE R A W T
NDMA®D#EEH 001~ 1 ng/mL, d6-NDMA DS
10 ng/mL& 72 % & ) BEMEEW 2B L7z b, &
UG EOK Z F\W 72,

&R

TN =Y —=AF TR LTTayT 7 A F 258
BO43% WE$ 2 &, 7a¥ 2 M+ 58D 5, K
ERRWZ EWgnol: (£2), Juy s M4+
58 TH AT L7354y, 05 ng/mLONDMAREHEAEASS/
NE1OLL E T IR WVIRETH - 72729, 05 ng/mL
ERRFIBELHREL. 05 ng/mL® 6 [l#HE L
HEADRSDIZ298% & T4 = BN LNz B,
Ty M A F UA3THM L7286 S/NEA10LL E i
%ADIE, 5ng/mLTho7:.

x2. EERFREDRE

NDMA 75>58 (d6-NDMA 81>64)

NDMA 75>43 (d6-NDMA 81>49)

EAERRIRE | v—smiEk | SN
1 ng/mL 0.113 30
0.5 ng/mL 0.062 22
0.1 ng/mL 0.023 3

0.05 ng/mL N.D. N.D.

0.01 ng/mL N.D. N.D.

@ EHREOHER

PR & % e L7205 ng/mL%* 510 ng/mL ¥
TONDMARE AR 2N L, EREOMZE L IT-
7.

LEES
Tuy s b A& 58 THH LG, 05 ng/mL ~
10 ng/mLO#PH T, MPBIFRE0.9992& 7% ) BAf 7%

VRIS | B — s g | SIN
1 ng/mL 0.118 5
0.5 ng/mL 0.031 2
0.1 ng/mL N.D. N.D.
0.05 ng/mL N.D. N.D.
0.01 ng/mL N.D. N.D.
N.D.= HHATT

EMEIESNZ (K1), 7a% 2 b A F 43ThH
M L72%4, 1ng/mL ~10 ng/mLO#PHTIZ, A
£2%50.9998 & 7 ) BAF 2 EAREDGF H N7z o TT
%y b F UE8THM EAT-720ihs, X D IKRE S
TNDMAZ M TE B Z N0 orz. LLTOHRM
WGRERTIE, 7a %2 M F V58% IRIEIZHHTT 5
ZEb L7

1. EREORE

b oL NDMA 75>58
1.2
o

1 -
0.8 .
0.6 X
0.4 " y=0.1102x+0.0031

o R® = 0.9985

0.2 e :

0

0 5 10 15
ng/mL

v omw NDMA75>43

1

.
0.8 :
0.6 &
0.4 -
y = 0.0891x - 0.0285
0.2 - R? = 0.9996
e
0
0 5 10 15

ng/mL



® NIHILE > EEORINEURGER

THRDNVH VS g2 L, ainBlNGEER 2
1To 72, W+ ANDMAKE I O 1, 3k
300 mg#% VABEL0 mLIC ¥ 2 L 72 BE 00 7775 JE 0 RR i1
B (6.3 ng/mL) % & EIEEZ TINS5 5000 L
300 mg% ¥ 5 mLIZTEAD L 72 B 00 Fr 2 4B IO RR 8 g0 i
(126 ng/mL) ® 1/10% &L % mIN$ % 5:4@
D2 — VTRt Z T 7. B, TNEhORE
IZ2OWTRSD (n=3) dHEMH L.

EN At L FAREA

INVHOV R FLER - AL TR ARIZL, #9300
mg& ) EILE AN, ZOREEREFICXY -
ZIMAWY R, 2 S ICNDMARE#E AW 2N 2,
E 5 IZd6-NDMABEH#ERE W 2~ AN, 28210 mLF 72
E5mLE b L) ITHERAKREMAT. T, ]
B THE R % 5517 - 72, 2 O %12,000
rpm L% -0 EE L, L2 74 V7 —TH
L, & L7 i L7Z-NDMA®D 1, &t
OTIF25, 5, 7, 5ng/mL, &M@ Tix1l, 25,
S5ng/mL& 7% 2% X)L 7.

ER

FEB00 megZ A0 mLICE D L 72O # B EIR
IR (6.3 ng/mL) & LRELZRNT 5 5:4:0OT
i, BERIS551~9752% & RiF ik e o7z, &
NZENOTMELEDORSD (n=3) &, 25 ng/mLTiE
0.52%, b5ng/mLT 1£0.08%, 7.5 ng/mLT 130.19% T
o7z, BAF300 mgh B 5 mLIZHED L 2B O A
BIREREE (126 ng/mL) ®1/10% & LHRE 2R
3 % 5&M@TIE, BERI278~101.56% & HA4f 74 ik
Rerolz. TNEROERMREEORSD (n=3) (3,
1 ng/mLT13454%, 25 ng/mLTIi31.46%, 5ng/mL
TIX147%TH - 7.

@® SZFTUEREORMBEIUEER

WD T =F v yiEmES X, $_XTHERILE
o TBY)ATEANRRTH 2720, F=FI v
IR EIE D 5 O MmGERBRE BEL, [9=F
VHEERN | GRELE) o382 6 L isin R ER
#4io 7z, WY ANDMARE AR OEEX, /N
Fov s gD FIMEEER & FARIZEER200 mg % %
10 mLICTED L7z O P A B RERE (64 ng/
mL) % &LRE LA RIS % 5040 & 50400 mgx &
10 mLIC{ED L 2B O RPN EE R (128 ng/
mL) ®1/10& GLRELZ RIS 25000 2 /85 —
YIZBWTHERITo 2. B, FREROREHIZO

WTRSD (n=3) dEM L7 LCMS/MSHHF 4
ZoWTIE, LETITo 722300 & v EED ashinmE Y
AR AR L7z

EN g £ DARE

I =F Y U %, #5200 mgF 721389400 mg#%
H ) EREICANT, ZoEREICAY = VENZ
RYEEZ. ZZIINDMAEERRZMZ, S5
d6-NDMAR R 2R M L, £EH10 mLE 25 X
KB Z N Z 72, ZO%, YIRS TBE I
50T o7. OO LEER 74 NVY—THHE
L, &k & L7 BMLZNDMADBEEX, 040
TIX0, 4, 6, 8ng/mL, &@Tix0, 1, 25,
Sng/mL& 7% 2% X ) FHE L7

R

FE200 mgZ B 10 mLICED L 7-B 0 A B I
PRIEERE (64 ng/mL) Z&TREZRMT 55040
TlE, MXEIB64~107.05% & BUf kR & 70 - 7-.
FNENOHMEEORSD (n=3) ¥, 0ng/mLT
1£3.00%, 4 ng/mLT 1£0.66%, 6ng/mLT 1£2.13%,
8ng/mLTI130.64%T & - 7=. A F400 mg% % 10
mLIZ{E D L2 O P2 BRI E (12.8 ng/mL)
D 1/102 & LiREZ RS 5 &M@ TIE, BN
89.64~11032% & RifF ik & o7z, ZhZho
WM B ORSD (n=3) 1%, 0ng/mLT 135.20%,
1 ng/mLT13043%, 25 ng/mLiZT1.38%, 5ng/mL
TIE367%TH - 7-.

® X MRV VOB ER

T A MRV Ve AL, @mBGUER %
To 7z, L 7-NDMARE#E W O, NV
VE U EER T = F T VIR & R AR ICEAR900 mg®
10 mLICHED L 2B O A B IR R (3.3 ng/
mL) % &EIEE 2 RINT 55040 & 38 3,000 mg?
B0 mLICED L 22BRO A ERRERE (11 ng/
mL) ®1/10&2ELRELZRNT 55000 2 /88 —
YIZBWTHE T2, B, FhEhoikico
WTRSD (n=3) bHEM L7 LC-MS/MSHHT &
ZoWTIE, FRTIToVY VY VRS =F Y
Y HRERYE OB IEGRER O &M S BB O 75 Y T
Y NEUEER L TN EITo 72,

PR R )

A MFNVI RIS ABETHERIZL, #900
mg¥ 721343000 mgZ & ) HLE 1T AN, T DR
E ICNDMARHES B 2 M2, & 5I12d6-NDMAFEHE



W2 RML, 2EA10 mLE %&b X9 ISHEKZ
1. FOHk, FEYIRETHEIGWLEE S5 5T
72, 2O #12000 rpm TLOZ R L EEL, Fi%
T4 NF—ThHH@L, WEE L7 &ML 7-NDMA
O, &OTIE2, 3, 4ng/mL&HO@TIX,
25, 5ng/mL& 725 X)L 7.

R

AE900 mg#Z B0 mLICE D L 7B #F 2 8 5L
BREEREE (33 ng/mL) Z# & LIRELZBINT 5 &1
OTiE, MILE10024~10821% & BUfF ik & 7o
7o, ENFENORMEEORSD (n=3) 1F0ng/mL
TIE1.56%, 2ng/mLTIix1.07%, 3ng/mLTIi31.14%,
4ng/mLTl2061%TH - 72. #AA3,000 mg# B 110
mLIZED L 72O A BIR R (11 ng/mL) ®
1/10% &g 2R3 % 0@ Tid, [\IXE98.37
~10568% & RUfF kR & e o7z, ENZFNOTHME
BEORSD (n=3) &, 0ng/mLTIiX695%, 1ng/mL
TIE291%, 25 ng/mLTIl%2.76%, 5ng/mLTIi31.16%
Thol:.

: N i)

05 ng/mL ~10 ng/mL® i ¥ ®NDMAIZ B\ C,
BB e 2B A 2N TE L. O
SR BT, BImEGREE OSvy vy vgE T =
FU VR, A MRV IVE) RiTo7. FOR
B HFEBIREREONDMAZ RN L T, Bif
RIS SN S 512, T OB E R
FED 1 /10D E AR L TH BIF2BIEEIE SR
LI Ebholz HoT, Bky ¥y —I1ZBIFBLC-
MS/MS% H\WCTONDMAD GG # g5 2 &
NTE7 5%, NDMADALO= oy 7 3 VHIC
DWT LG HEOHEZ DO TV TFETDH 5.

BEXHR

1) https://www.uspharmacist.com/article/fda-
update-on-recent-voluntary-arb-drug-recalls.

2) ICH M7 Assessment and control of DNA reac-
tive (mutagenic) impurities in pharmaceuticals
to limit potential carcinogenic risk, International
Conference on Harmonization, March 2018.

3) https://www.ema.europa.eu/en/news/ema-
reviewing-medicines-containing-valsartan-
zhejiang-huahai-following-detection-impurity.

4) https://www.mhlw.go.jp/content/11126000,/0003

08146.pdf

5) https://www.fda.gov/news-events/press-
announcements/fda-announces-voluntary-recall-
several-medicines-containing-valsartan-following-
detection-impurity.

6) https://www.fda.gov/news-events/press-
announcements/statement-new-testing-results-
including-low-levels-impurities-ranitidine-drugs.

7) https://www.ema.europa.eu/en/documents/
referral/ranitidine-article-31-referralema-review-
ranitidine-medicines-following-detection-ndma_
en.pdf

8) https://www.pmda.go.jp/files/000231528.pdf

9) https://www.hsa.gov.sg/announcements/news/
hsa-recalls-three-out-of-46-metformin-medicines

10) https://www.fda.gov/news-events/press-
announcements/fda-alerts-patients-and-health-
care-professionals-nitrosamine-impurity-findings-
certain-metformin.

11) https://www.ema.europa.eu/en/news/ema-
update-metformin-diabetes-medicines.

12) Control of Nitrosamine Impurities in Human
Drugs: Guidance for Industry: https://www.fda.
gov/media/141720/download

13) https://www.pmda.go.jp/files/000232925.pdf

14) https://www.edgm.eu/sites/default/files/omcl-
method.



ICP-MSZ AW TR A MMt OEREIRET (58 28R)
RO AR, ORI 90U, ATAR R, NS B, SRR H A

A basic study on the analysis of elemental impurities using inductivity coupled

plasma mass spectrometry (the Second report)

TAKAYAMA N, YONEDA T, TAKEBAYASHI K, OGASAWARA M,

The Chemical Analysis Study Group in Toyama Pharmaceutical Research Association

BRHIHIZIE, FEERRIAL, AR QMR TS E e % &0 SITEAMMWOBRAS 2 7 — A0E
AbNb. BEBLREEMPROOLNTVD I Lhs, T b OBAEICRAMY) O G- 13 5%
S R

AT 7 A M grEr (ICP-MS) &, ppb (=ng/ml) L XV ETORTHEBTZMET S
ETED. <A 7 U HREETIE, BHRETILEWZ0MT 5720, #HEEESE ORI Z I
1§52 E5TE 5. RWFFETI, ICP-MSHIEICBIT BHBOTRMOLEER~ A 7 aPEIc L 5
BT OB 2 50 L7z, 72, OsieROMWEIZBT 2 Sk L oA T EOMEL. 217572, LA
W70 AECTEIAMTERVBANCH LT, 7 v IbKEREZRINT 5 ETHHET LI LT
g7z 7 ALKRFRZ N L2E 128 T, NGRS 2 25 L, # S A7z e il A B 38 Bl
HIFAER & (ICH) TED bNEEHERZHZ L TWA 2 & 2R L7z

Summary

Various kinds of elemental impurities can be contaminated in drug products under
pharmaceutical production. In order to meet the safety and security requirements, the
establishment of the analytical methods for elemental impurities is an important issue.

The inductivity coupled plasma mass spectrometry (ICP-MS) can determine the extremely low
level metal concentrations. The microwave digestion system can decompose compounds in closed
vessels, which enables to avoid the loss of volatile elements. In this study, we evaluated the
necessity of adding hydrochloric acid for ICP-MS measurements and the effects of the microwave
digestion for sample preparation. In addition, we validated an analytical method to accurately
determine the Os. Regarding drugs that were not digested by our standard digestion method,
adding hydrofluoric acid was found to be effective in achieving their complete digestion. In this
case, we carried out the spike recovery tests of some elements required for ICH-Q3D and verified
that the measured values met the criteria defined in the ICH.

F—TJ— K RIEE, TTENM, FBEAT T AERESNEL <A 7 iR
Key words : drug, impurity element, inductivity coupled plasma mass spectrometry, microwave
decomposition

]

il

G OMEFMIIB T, AMRICAETHL4R
5 DIEME 2 3T ETH 5. R4 BB PRI
INRATEING [EEGOTLERMWAA FF4 212
DOWT| TlE, FH294E4 H 1 HUBRICKRHGE S
7B R FE TR L C RS BRI A [ B x5 (ICH)
TR SN TCEAMB T A F 5 4 VICH-Q3DA @
HENTEBY, TEAMYOZE S O—H O E
# (PDEfH) 2SZEESNTWD (F1)Y., 7244
34E 6 HAROE+ NSIE O A 121X, HAEF
F OBHNZEH] & U T — ik o o A 5l

<266>124R 5 BUEIZHE > THYNEET 5 B Ok
AWHEANZE D AT TWAE,. E5IC5H%, —EDOHT
MW %272 ICH-Q3DZH T 2 72 S B ENE
TABOE H ARG OEHEMEFICHE I NS FET
HHZTELRENTVEY,

FHEAEL T T A< EwEaAEP (inductivity coupled
plasma mass spectrometry: ICP-MS) (&, JE# 125K
FERGWDFETDH 5728, RIS OEIE5HI
LTwb. ICP-MSTI, KBEWDIRETH > T L%
MAT 720, §EHle EOBMBY v T VIE< A 7 ajk
REEEZ W T, KB HHT 20805 5.
B INRIERH AR STHRTIE, ThHOEEZHW



TEHE T O SR % LN DR ERI I TE S

W FER ML L 72

®1. QIDICHBIFBRF T ar 1 ORFRFHDHFARE. —BHRELP 10U T ORI POTHRAHNEZTMT 578
ICA T2 a1 PBRENEBEICE, ChEDREREEZRVSIENTES.

ToH 75 A % 1 RA DR BEE BEHA OWEE W AFl P BE
ng/g nglg nglg
Cd 1 0.5 0.2 0.2
Pb 1 0.5 0.5 0.5
As 1 15 1.5 0.2
Hg ] 3 0.3 0.1
Co 2A 5 0.5 0.3
V 2A 10 1 0.1
Ni 2A 20 2 0.5
Tl 2B 0.8 0.8 0.8
Au 2B 10 10 0.1
Pd 2B 10 1 0.1
Ir 2B 10 1 0.1
Os 2B 10 1 0.1
Rh 2B 10 1 0.1
Ru 2B 10 1 0.1
Se 2B 15 8 13
Ag 2B 15 1 0.7
Pt 2B 10 1 0.1
Li 3 55 25 2.5
Sb 3 120 9 2
Ba 3 140 70 30
Mo 3 300 150 1
Cu 3 300 30 3
Sn 3 600 60 6
Cr 3 1100 110 0.3
HEBAEROHER @ HHEOTA IOEABOVEY

® IKERDOEREL

ICP-MSO I T, AEHE I R0 BURHA T o F LR
2, &BEEEAEEL02, BERNT 545D
H5H. FFICHgRAu, Pt EOERIETKIC LB
LZzwnized, il - WBoORMAEE L. Hgo%
EEORET & LT, RO AR S LT % HglE
AW (AfL) &SRR - JER SR S T 2 Hel
W (BH) oFhZFnzHeT, BREmErEgL
7o, R2IIMEROBREHHZRT. FHREHROL X
WA BT BRI 1228% & 70 B X 5 \ZANEE & i L
7o, ARt ORI CUE, FBIFREE, 099258 7 o 7.
WY NY F—3 a vy ENGE, HBEHRE130.999
DibEsbZbh% L, Al - WM Rnshtn
LHBHE, HBIFREA099958 B2z /R L7z (X
1). SN, Hgx EMICERET A 720121, 1
B2 WIS 5 EDH D ool

WA o SERIE 2 WE 3 5546, Bz K
WCHER S 57200 T, RHAREZRE T 22 LA
¥5. LaL, Zoa, BHAPTCEINLAERD
B, TIARBTOERBDA F ALITHEZ T T 72
B, A 7 uPFMBEIC XY, BHIROAREEY) & M
WZECTREINHATHIENER IR THEY. £
T, B~ A 7 alaHoLEEEERT A7
B, Xtk NIREH Z v, TR L 727200 0 RHA R
= A 7 a PR LB A it U 72 5URHA O T 5 CEs i
RERAFER L7z (K2). H®IMEGERERH O 50RHE )
&, KIITRTILEDLO00FE AN E 22 5 X 9 12a-n
L7z, 72 HEOBICIE, FAIREN L NEERER
W2 10065 12 AL CTH W72, PUREHE OO iR 0D #& i JiE
AS, WERA2%, HHER07%E 7B X 9B 72,

ORBHE R O TR 5 1=
FROAIZ X B - NIREA 205 mL= D, 25
mLAAT7SAIZAT. #212, F3WTREN5



&2 MEROREHEE

M L~y
1 2 3 4 5 6
Aft 0 ppb 1.5 ppb 9 ppb 30 ppb 90 ppb 150 ppb
Bft: 0 ppb 1.5 ppb 9 ppb 30 ppb 90 ppb 150 ppb
Att B4t
30 ug/mL Hg 30 pg/mLAu, Hg
5% HNO, 10%HCI, 1% HNO,
| #EPBAR M R = 0.9925 | [ #8BA % R = 0.9995 |
x101 IREREL A 1BEEY
14
L 58
£ E 24
ke
054
1
0 0
JFE [ppb] 2000 JRFE [ppb] 2000

1 AtEBHORERRZAVRORERDLLE

wu 3 e}
o EEEEN

_ é
—— ERLUL-5H

o wpn <A 7 B
o ERERM

: ma | ¢
¢
| | xnmsmLE

B2 AhnEYREERAORBAROFRSE

&3 REBRBROMEK

o PR I SHILR

SPEX# XSTC-2071 30000 ppb - Ir, Os, Pd, Pt, Rh, Ru

SPEX# XSTC-2072 30000 ppb - Hg, Au

30000 ppb : Ag, Ba, Co, Cr, Cu, Li, Mo, Ni, Sb, Se, Sn,
SPEX# XSTC-2073 15000 ppb : As
5000 ppb : Cd, Pb, TI




x4 RNREBTROMEK

BRITH

EE (ppb)

Te

25,000

Sc

10,000

Ge, In, Lu, Bi

5,000

FREHE S 225 uLn R 72, & 512, 35%HEEE05 mL
ET70%MEER15 mLE Nz, #HMAKTAAT v T L7
YRR T O E ORI 1L, T2, 07%, 42%& 7%
5.

<A 7 OESRICE A <A 7 o
2, WIREAI 1 mL, #@HtK5 mL, 35%HEEE 1 mL,
70%flE 3 mL, K 3I1IR SN 5 KEHEEW 250 ul
DRI Z, TRRODEFMEICEID, <A 7 s
AT o 72, 53Rk, ORI AZS0 mLA X7 T A 2R
L, BHMAKIZID, 2RAT7 Y TE4To72. HER L O
MOMBEIEIX, FhEh, 07%, 42%& %5,

O~ A 7 alsnfio s
1. 350W 1550~ A 2 1 ik Bt

2. 1550 BT700W F T~ 4 Z ajro )y L5
3. T00W T20%5 1~ A 7 1 a5}
4. 50 CECTHH (K305-H)

EIENPGRER O#E R % X 3 129, @i mlGRER O
WA HHEIXT0%~150%Tdh 5. WHREHF ZHR L7272
FOYE, AsKUSeD EIERDIZ N2 1152%, 192%
L, WEXENLE LS TRITHL, ¥4 7
O A & Bt L 72 B o RmIGRER TlE, $XRTo4E
JBAZBWTEIERIEHNI00%Z R L. 2o Ens,
BEOBEWONT 21T 720121, BAFTOLERYZ~<
A7 0WnEsTrIEVBUETHE I LEPHERTE
7z.

250

8 & 8

A= A0 [E1L (%)

o
o

nSREHY
DR REG L

Li vV Cr Co Ni Cu As Se Mo Ru Rh Pd Ag Cd Sn Sb Ba Os Ir Pt Au Hg Tl Pb

3 ABRARHOFINEURGHERER

® FAARAIVLOEHEEIROWKRE

Q3DFA FIA4 VU T HILED—DTH 50s
&, WIEERD70~150% 200 F S ¢, @KL S
NLZZENRREINTBY, Btry—ilBnTd
BEEhs (M4) 3. ZhIToRHFICL S L,
<A 7 a PR IZOsHHE S D E Vv 0s0& 2 D,
ICP-MSH CTHBENZI A 4+ Vb E3NT2720TH 5 &M
ENTBY, FAHAREZRMT S LT, OsOWE
PREATELEWESNRTVWEY., 22T, A3

7 WDEKEESHT OB E LT, ~ 4 7 i TiRE %
IR L7280, FAREZEERML, Oso MmN
Bra gL, TOB, FAIRZEOBRMIEEZ10-
001 g/LoO#EPE L, WINREDEWIC X 2 85T
fili L7z, @®MEGRER DGR 2 K5 1R T. fRIE,
F A RFEOTWMEALO g/L—-0.01 g/LOHPHIZ B W
T, MEXETHLT0%TEE R 2, T4
JRFED, Osbkehihz L, Zeft342LT, &
Tl A F AL IHIT 2 EDHKIEEZZ SN,



ELED100% & % 5370%E E > T LT -2 R K
LT, FARIZEZRNT S5 E TOMIZOsHFRE L

RSN EZONSL. Z00, 5H8IE, RETR

ZHEITAT) T LR, Ose REALSEDZDDZLD
M RIEDIRFE 2 &, X0 BAFEE 4 70T )7 R OWGET 2°
LHEEEZZBND.

% o B AR B

300

250
200
150

100
50

EuRE (%)

5n

Sbh
X4 OsDiBAFEMmF

Ba

Os Ir

®E FARFERMUIEREOOsOFIMEIURSE

T BRI DRI BE
10 g/L 0.1 g/L 0.01 g/L 0
Os L= 72% 76% 71% 251%

@ T vALKREEARMOLEN

Wty —TlE, BHO~A 7 nHicBn,
PR 253 CTd 5 5 - SRR O A TIE, A %258
ENRTELVWTr — A2 EAFEHRL WD, —flx
RY &, BIMEREDHEFEEOT7T V=T ¥ V$E16 mg
X, WHMZAY y FTHfEd5E, KI5 () O&
I IR KRR DRI NS, BRI OWTHRE L7
FEA, WM E LT SN Tw 2B K 4 RS
KR CTH D7D EWEIN, 22T, 7 vIbkE
W% W 72 i S ic oW a2 7o 72, 4 21

X 5
() 7VKKRERFMCKBZT7EN=ZDEVEDHEE

W IR BB 2 eI A L, K 6 mL,
W 1 mL, B2 3mL, 7 v A bAKZEEE01 mL% 7z,
<A 7 PR R o 7. <A 7ol e
FI0E, INFEFTERERE Lz 7L % iR
L7225, M5 (5) ©XIIRSERE, TR
ENhhol. TOZEND, 7 vlbKERZRINT

5T LT, RGBT ZEDHTED I ENnnoT.

7 ALKEREZRNTH LT, HRETELZTEL
=T ¥ U §EL6 mgh O 4R I EE O g B O G
B TR T & ) L 7.

(&) ARBKIXY Y BICKBTEINZDEV DR



[RlEE SN ARKE S
F 4 ORI 2 K TI00RA ML, RO
IREEDMRA.2%, WIR0.T%E 75 & 5 \THELL 7-.

R L D i
6 OBHERR A BMKTHNL, K7 OFREL
5 EHITRR L2, BROMIRIEIL, HR4.2%, R

0.7%& 75 &9 IZHRL 7.

R6 REBROMEK
R A8 T3 “HILE
ICH/USP Oral Target Elements Standard A 301000 opb : Hg
8,000 ppb : TI
ICH/USP Oral Target Elements Standard B 150:000 opb © Ag, Se
200,000 ppb : Ni
S 1y
Izﬁ/l{JS/P]\O%al Target Elements Standard C 100,000 ppb © Au, Ir, Os, Pd, Pt, Rh, Ru
550,000 ppb : Li
120,000 ppb : Sb
VA 140,000 ppb : Ba
ICH/USP Oral Target Elements Standard D | 3,000,000 ppb : Cu, Mo
6,000,000 ppb : Sn
11,000,000 ppb : Cr
RT BREBROELANIICEITZEE
. LAV B [ppm]
LNV 1 LX)V 2 L)L 3 LNV 4 LX)V 5
Li 0 0.22 0.44 0.66 11
\Y% 0 0.04 0.08 0.12 0.2
Cr 0 44 88 132 22
Co 0 0.02 0.04 0.06 0.1
Ni 0 0.08 0.16 0.24 04
Cu 0 1.2 24 3.6 6
As 0 0.006 0.012 0.018 0.03
Se 0 0.06 0.12 0.18 0.3
Mo 0 1.2 24 3.6 6
Ru 0 0.04 0.08 0.12 0.2
Rh 0 0.04 0.08 0.12 0.2
Pd 0 0.04 0.08 0.12 0.2
Ag 0 0.06 0.12 0.18 0.3
Cd 0 0.002 0.004 0.006 0.01
Sn 0 24 48 7.2 12
Sh 0 048 0.96 144 24
Ba 0 0.56 112 1.68 28
Os 0 0.04 0.08 0.12 0.2
Ir 0 0.04 0.08 0.12 0.2
Pt 0 0.04 0.08 0.12 0.2
Au 0 0.04 0.08 0.12 0.2
Hg 0 0.012 0.024 0.036 0.06
Tl 0 0.0032 0.0064 0.0096 0.016
Pb 0 0.002 0.004 0.006 0.01




RINEGRERE 2 6 1T, 7 v bkEREH
WA TH, TNRTOILEICBWT, mNEIGRE:
WEERENTH L EBGh b, Tz, TELV=Y

E VS O RREDOWEMRRTIE, §XTOILHKI
BWT, Q3DFA FIA4 Y OFFREUTTHLZ
Lot (K7).

250
— 200
g
150
2
100
=l
50 I
a
Li ¥V Cr Co Ni Cu As Se Mo Ru RthAng Sn Sb Ba Os Ir Pt Au Hg Tl Pb
X6 AMNEYREERGER
TEIL=CEVEDORE
1000000
O#HATEREEE
100000 e
BQADTTRE
‘E 10000
[« R
2
% 1000
#8
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) | I ‘ ‘ ‘ | I
1 I I - — I

Li V Cr Co Ni Cu As Se Mo Ru Rh Pd Ag Cd Sn Sb Ba Os Ir Pt Au Hg Tl Pb

7 FELNZDEVERPOERBREEQIDHA RI1 U OFEFRELEDOLER

FEDHEER

AWFFE T, HEBOBIMI X WHg I LZET 52 &,
F72, 34 70X BB L O LB Z fERR L
72, OsDOEFEESH OBICIE, ~ A 7 a5 iLst
#%12001 g/LOFHRFZEXZBMT L LITLD, Os%x
EREICOMITE LS LD h o7z, E6I1, HHNE
SFEAY Y FTRABTERWBEANCELTL, 7y
{LRFERZ 53T, BRITOHEEY O 53 %A30] 5E
LD, POSEBEYIEMICIET AL BHEL
BbHI LD hot.

BEHR

1) BAEGEAE: GEFTA FIA4 ¥ TERMIFTA R
74 Q3D., 4kt 2014

2) JEASEE B ASOE R ARER )., 2021

3) mIERE, KRHEEW, bkEE], SRR, K3
e &Mk 4 - ICP-MS% i\ 72 e FEAH 55
Hr o ELBERRES., B ILEEFREMER % E £ v
& —4EgR, 47 34-38 2020

4) Juliano S. Barin, Bruna Tischer, Rochele S. Pi-
coloto, Fabiane G. Antes, Fabiana E. B. da Silva,
Favero R. Paula, Erico M. M. Flores: Determina-
tion of Toxic Elements in Tricyclic Active Phar-



5)

maceutical Ingredients by ICP-MS: A Critical
Study of Digestion Methods., 29 352-358 2014
Cornel Venzago, Maximilian Popp, Jessica Kova-
ca, Andrea Kunkel: Pharmacopeial requirements
for elemental impurities: a novel approach to
the trace determination of osmium by oxidative
pressure vessel sample digestion and measure-
ment using inductively coupled plasma mass
spectrometry (ICP-MS) after complexation and
stabilization., J. Anal. At. Spectrom., 28 1125-1129
2013
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External quality control for laboratories of pharmaceutical companies in 2020
NGRS, KRHTEE, k&
Masaru OGASAWARA, Tetsuya YONEDA, Kenji TAKEBAY ASHI

BN B 2201MED RN AEESE L, EEAMICTA->720 00, Hi4ER111%H 0 6 937/ M T :
WEEEF L TO—HFHT, Ver) v 7EEKOKTRX = —HPEEHEFRERSEIERKL2E LT,
20214E 3 HICEINR X Y EBEILGS 2272, Vo) v 7 ERGNOEBHZIY K202, 4% 1A
FEREZ X THE U RICREE AR Z 8L T 208 N H L L EbN T 5.

AW, SPR2IAFERE X ) — etk FE NS IR SRS G L L[ ¢, RPN ZE o GRS IR 2 W 424t
RS I L, RBMRAEOHM O, KORNESRGBEEOE 2 LM b HE LTEBL TV
8 BARIIZIE, BN ECH—ORB 2 B4 L, F—0RBAETMTE2FEL Twi2&, Zokis L
DELOTHNTD. COMBEREIMIIT 4 —F Ny 2 55E 18, T HRENMG SN b - B3
WF U S OB RE 2 479 . ST XD, WPV ZE O RERR AN 1) O ) L OV DK HEDHE
FICHGT230THL. HH2FER, HEOLWRABEB 2 .02, E8 (HPLCHE), &= (UVHE), K
SilE (BRRIEEDR), B8 (BVAMEDR) SOV TERL, RN, BINHELOCWEREEZ1757-07T,
FOBMEIZOWTHRET 5.

1. ReA*E
(1) WERIHH J O3B T

MBIEHE X, 7Vvary—VvaEs T vogEs (HPLCH), 7uxt Yy FEAfEoER (UVE), Tt
FOFEEES b 7 A 0KGHE (BREEE), 7o VEFrogm (BAEEEE) &L (F1). &b,
KSME (FREEE) ROER (BMAEEDE) CowTid, WRREZYLEE L LTHY, Sk
WNRMHAZA SRR o72.

TINAFV=NERA T EVOER (HPLCHE), 7uNty FEAFEOER (UVE) RIT72VvEF 7O
e (MRS &, HARRFICHECARBELE L, T FulEis M) 7 20KGHE (B
SE) IE, ISP B U2 BTk e L

&1 HBREBRUSIERHFICONT

AERIE H POESTE| I 2 I BRE ZINASER
e =E A e _
E . . =0 TN/ A dl O A A
HE7NVvary—nvh e g Z ’ 31
(HPLC) (Y7 H v H 7150 mg) FRRAE, pHAF
- SE B
(Uﬁ HE7a~N% Y K SR, A 34
(XA ¥y F$E250 mg)
K AEHC ~ o
(k) (e Fafgs by ys) | PTMT O AGE8
() (7 EF ) MRAWELR, RhR | 2

(2) Arva—
SAEEIIEHA g F 7 4 0V ADBGAEKEIEOBE S, EGHHS L OERRES 2D 1RO, EBRTIH
HERZB T A—VICXD, TR 2 SREICI DS 2EIHIHICSMESICEA L, Mt
5 — ORI R IR Z S5 341 HI8SH & L7z GEBFORFIH: ) SE NN 2 ZE L, sl



AR R E 1 H2OH TR L72). EANEZE D LD TR (3) OFEICIYFFHGL, Z0RF
i BN U TR RFRA, ceEies O RBRIKES 2 920 L 72, 3Bk RS 334 34E 3 H22H (2 Hf%
12 &0 BIESIZ B L.

(3) Al 5 2
fabiEE 1 % TGrubbs® HEIZ L D MEZR 1T\, REMEHM I N7 — & 2 FEH L 721, ISO/IEC Guide
43 (JIS Q 0043) ZHEvy, T /N MEOHE 1T UV EQL, HIWHMBMQ3IRTRAT T Q22 HKRD L)
WZZA a7 %ROTHEL.
Z= (Xi-Q2) / 1(Q3-Q1) x0.7413}

|Z|=2 i
2<|Z|=3 HEbLw
| Z1>3 ANk Xi AR O Wil

72720, wm (EAMZNEDE) & [EEME£1.0%0DN ] Oa, KaeilRiE [SFEEHE £ 05% N ] o
G, ZAaATOMEICEDLLT [Hied] LHETAsIEE LT

(4) FPHE I HED < TIS
(A | ofiaxicxe LT, BRERA (B SIAESF) ROSERE2ZERT S L &b12, HRlRz K
L7z F7z, [BEb L] ozl LTh, FRMMARCUGERELZER L. 3612, HRBR2ZKEL
72 (R ] Ol R OHRBE L L b L] ofiskh s, FRABE RO 2 2F, PIHERED
Ql, Q2RUVQ3EFMVTZAa T #HINL, FEFMEL .

2. BERAOER
(1) HRIZVIFIS—=AH TN (VTINH Y HTEV50mg) OEERE (HPLCHE)

MERe D ) B [N | 282 Mgk, [Beb L] P2 TH o7z, AN & fE SNz 2 TiE, af
D& B LT, SREPOEMED 5 VIZOMEME, 728D LwEHESINA 2R TIE, ORPHED L \»
FORREMETH o7z (M1 ~3).

[BZ]18R JLarV—ILAhTtILOEEEE: 93.0~107.0% } SEH#1E (98.8%)

104 4
3
. 102 + _
£ 2
: ¢ i
R LA PR T L)
i & 9 ¢ (69 1o 0o 0 | Ulo =0 ol oo
] I 5 T o) T N ° = 0O O
41 98 | CI) ? 0%y Q({)(})]’ (}) I o 11121314H|ﬂ1' 1819HH222324_steznszgaoauz
14
e - BRES
% | 2 -
1 + 3
94 L e e e L L s s e e e e e . e s s s s 1: BIOFRF O--2<jz1=3:8bLy B---121>3:FER
01234567 8091011121314151617181920212223242526272829303132 -4 —
KEBHER TREM)

O...2<|z|=3: FbLL ®...17|>3: FHR TRERES

K1 703AFV-NEFHTLIOEERR (HPLCE) OREE K2 7V3FV-NEFEHTEIOEEHE (HPLCE) OZR37

e ER BER

O B (275 E%) -BEEHAE ‘ O i B (3056 5%)
O8EHLLV25EER) WERE O£EHLULVAREERR)
B TR (2MEER) -BARER B T B (0MEER)

XBHRBRREEOMERITMEHBROBEREL

B3 ZNaFV-IEaFHTEIOEERE (HPLCHE) OFHEER



JEHRFAAOHE, OBEEOMZETIE 1 7 7T VO FHHEORBENEO TH o722 &, ORMEDHERETIX
AREHA O T HIFIZ BT 2 BB G OIMIBBIEDA T 5 TH o722 &, @R EMHO Nk TILFREHATE O 773
2B 2RO BRREZE) (BH) HDHVIEART Y TPREHTH 7228, @ORRBEMED K% T3S
IR ORI B 2 EE G OFE, F—IVERy SOEIE HELVIEAZAT Y FTRAREHEETH 722 &
A, RG] Hovi [BEb L] LHESNAZRFERTH S SN 45 R0RBH BB
T, [MELZLIHERETE] EOFMHEICR>TWEZ R 5, I T RIVHEDIZO W TR RICIREL ML
Toliik & FEhl L7 o 7o fliik & A2 REEIC Tz, 2T, BARALEEO A L SR L OB IZO W
THEFREL72E 25, WHEICHL 2 REEEIERD e o7z (K4).

104
ghLn@). T (W) EHESN IR F14fE (98.8%)

102

100 M M

EEED

98 A

96 4

94

FLERICRDMRILIBEEERLI-MEHR WRICBRETZEELGAT-HER
(1858E%) (14585%)

4 DT EIABDOMRCREOFEL SEEOMRE

(2) HRZ7aXA: Y FgE (XA Ty FEE250 mg) OEmali (UViE)
Uix D9 B [Hb L] A3l bz, [k LHE SN Rz ohkhrol. &b,
1 a2 B\ CRRBERIEICER D 25380 S 72720, MR mal LA SR L7z, Stb Lw LHE S e
SHER D) B, ORRLEEA 1 fEik, @O LA 2 Mk THo72 (K5~7).

TFH91E (100.2%)
116 [BE1EBRTARFUREDERHIE: 950~1050% ] GihiEES®)
114 | BEESELHGHONRIEELSEANEES) CEBRRIIR
| ERES L BT ENOBRCERNRRERNCES) | een .
112 bd 2
I

1L ol ol g

N
Mo 4=yt T I e L M R RN R T
i 104 o X \_'LMsHs 7|8 9 10111213141516171819 20143 24256 272829303132 333435
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T 100 N 6_0_g0g 0900 1° 0o00®a © -1
T A4 T T A4

=)

"
ZOTo o4 o
o8 &° o éf o o ERES
-2 U
LS o e e e L L s e e L e s s e e e s e e ML %
01234567 89101112131415161718192021222324252627282930313233343536 3 1RU2: R D"'2<|Z|§3:§1’)LL\
ERES KERB . [REI

XEBHER: [REE)

5 7OXXY FERROEERER (UVE) DOREE 6 7ONxYrEFEROEERER (UViE) O0Z2a7

AEHER BB
3 1 11
‘ DERGOER) | . mmpEs DR (325638)
DEDLLGER) | -w#iEs O EEDLL\LER)
RFHEWER) | BB TR (1)

XEHBRREEOMESR(EHEHRBROERELT:

K7 7OXXYFEREROEEHAER (UViE) OFHEHER



JERHFAAE DR, ORRE O i CTIIEREFEROTEIAT S L OMEND - iR E 2 Shiz, 4
DR TR AR RFITIT K, F R RO RBEN S E U R L, »omRiEis
B0 R TH o 72720, AEEOBEPERMEICHRL T2 o LN E 2 Sz, @R RO ik
TIXAREHET O FREAT 5 D DORFED D - 72w FetEDE 2 Sz, & THEHEETE & R RHA TR O % Bl % 12
fToTwizrzd, MESEORBICIAZRRBEMNMICIY ARAT Y THOBENRL>TLE SRS E Z 5
N7z, FAHORTHLTORAY FEIZTANLAT—F 4 Y TETHoT2720, UHEHI OB HsBAR I
BOWTESMIGRRASER U2, #Ealek, 2 2 w38k, ROSEHIR AR o» . 22T, Ihoh
WRBEEERMOBRECOVWTHRE L7225, WThOHEZHWTHEHEZRERMIIZLE A EEZTED S
Nehoiz. 72720, WS LTHW25GE, SREOHMEERZZ, MoFHRICHELTRRKREWEL
AL7z (K8).

105 41 (100.2%)
104 | HEMEZLEF Ave:100.3% RSD:1.3%  A/ELEk SERI R4
103 ~ Ave:100.2% Ave:99.9%
102 _ RSD:0.9% RSD:1.0%
£ 101
i‘ﬁl 100
il
99
o
4 98
97
96
of WLLLDDUVUDDUULNTILD JUDIIL DDOUUL DU

RS E AU FEER A/OEHE  SEFRIMEMERIER
(17485%) AU SL ESHERAED)
(67ea% (12788%
FEMBOMEEFIZEVT, FhLWL (@) LHFESI MK

8 WMEILEE, X/ VI, ERMBHEZEZRAOCEROSEEEOILBRE

(3) 7 FufEfEs bV 2 OKG MR (BEiEd)
3MERE D 9 HIEAMELS & 0 FHUE & HE SN hiie A’ 2 TRl Sz, b 2 Hiak & wtal L3 5
HL7zE A, BRY29MFIETRT [l LHEsh (M9 ~10).

[ 8% ERETCROBES MY AOKS BFIEF83~03% |

115
1 - GrubbsHEI< kY
..... ARAALE= A I
10.5 - GrubbsBE (=Y
3 AniELHE
X 10
]
R 95
® I
9
Q O (@) r\f\()()r\() r\() ()() r\r\r\(9(3/R
85 (SACAEN®) O O — oo TEeo—%
@]
g MNooo MW

01234567 8910111213141516171819202122232425262728293031

wERES
K9 FkNOEES MN)VLOKFAERE (BREFEE OBREE
PIEIHER BAR
2 1
O % 2 (29 :%) O # & (305E5%)
O5EH LUV OMEER) O5EH LU OMEER)
B TR (25EER) BT R (1563E%)

10 & FOBERT MU LOKSAERER (BRERERE) OFHOER



BRI & B S N7 2 RS D W CREMAZ ER L 72 & 25, 1 lkid At o R W £ £ 2 I
TR R BT X 2R T b o 2 MTREMEATE 2 S, MM OWCIE, COMERE A TH
RBEFERL TV n e o, TR S8R SRz ) — ORIV T b A ORBIAR
558 > 7280 > =T HEVE A BE F 2 CHABRE JM L T 750 7o 0%, FERERIE L HE S AR L 7o 7.
ZIT, B ORI BERA S ML R, ORISR LE AR (KT & T 2
bD) OEMAMOMTE & 1207 BB ChH o722 L AHII L7, SO Lhb, RBE RIS &
Zeo P E LT, BB E MBI R & £ L2 A E ORIT & A QRIS A L 722 £ 12k 2
LOTRAVHAEEL LN BIE Mk v s —ICB O CHIHTHETH S & & 2 M LAl e e s
DR EAT L, 5 L TR O NI LA TV 2.

(4) 7z e s oEmlER (LA ED)
2THEFE DT R TUIZB VT (G ] Zfikas@#o b7z (K1),

103 [’2%:ElE?I)blfd”]@ﬁ%iﬁ’f%li%ﬁ%~101.0% ] (*F151E100.0%)

102

< 101

0 ?
4 O ~ T o 9
99

98

97

0123456 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27
EERES
K11 7x)EFIVOEERR (BUEFEE)

3. £&0

SR ATEH OREBICOWTHEML2EZ A, ke LT (ARl EHE SN LD o 72 /iik DEE1396%
(DOX123MFF T 118KER) TH Y, RIAEEDIL% (DOR126/i7% N 118kE7%) & MR BIF 2R THh o7 72
KSMERBRD 1 Mk Z b, HRBREEHRL LM% [E] CHEShLRERE R 7.

HPLCH:IC X A AR TId, B oy, B, kc— LV EXRy MEE, X X7 v 7, B & SEHATR
DRED T4 I V7, HH0IE, FHEHEOHEEZE, EARBED I 212X )RRy 2B LD 0
EEZONT. T ERS, EARBEZIEHICT) 2 EOEEWRIZOWVT D 5720 TSGR I TEZEE L
7o, UVIRIZ X 2 ilcig, WRmEm LI WikB oA I3 elcEBi L2 L 2 HETHMciEd %
CLEORERIEEIZOVT D SO TSGR CRHEINE L7z, KRoWeii i, MBRFERE 2522 d -
M ERB O, AFEAZBUCTRBTIENTE. —F, BAEHEEICLERETIE, FEEEIZE]
EMETRTOBMMZICBO TR L HESNDERPBEON. 2o L, REEOREN & Elir %
B LAFGLHETHIEECTH L. 2o, HEOEE TIIAN EHCEEMICOWTARFHELZE LT
ZMEMTHBPIAT LI LI, HADLNLVT v FIZEN b DEEL D,

[RWE] R [HEb L] OHERE A S Nk, o 2T € 5 PR AR R B st BR s | R My LI 0 HiL
ATWI22 W2, RFEEICTHIW 20w ilh o0 TES2HL EIFsE 112, 4%k RS
ORI D) b & ZDKEDHEFHZHF G- L, RNEEGEEOT 2 2FEICRITF TV E W,

X @ik

1) FGE 57, BHE—, WIS, @EMEOMEEHIM A S L U/ SR, &Il SHuse i
4EHR, 39, 69-76 (2012)

2) PrmkEw], MIHE—, KPS, [ER2SERE N7 — & SRS FEmy, & IR F IR

i



3)

4)

5)

6)

7)

R, 41, 4147 (2014)
Prdks&w]l, BEHIEE—,
. 42, 3945 (2015)
Prdks&w]l, B —,
¥, 43, 3540 (2016)
Prdks&wl, B —,
H, 44, 4348 (2017)
Prdks&wl, B —,

NEL S

NEL S

NEL S

NEL S

o [PR265E BT 7 —

. [PRTAEEE AT T —

o [PR2SSE BT T —

o [PR9SEEEAT T —

BA%EE >~ ¥ —4EH, 45, 3944 (2018)

PrkER], BHEE—, AR, [PFRS0E G 7 — & [EREMERIE5% | JisEdt,

BI%EE v ¥ —4EH, 46, 3943 (2019)
8) /NEERE, CKHAE W, MrAkER], [HHICEESN 7 — & SR FEas
St v ¥ —4EHR, 47, 5155 (2020)

& R PR | FSEA

& R MR PR | FSEA

& R BERE ORI | FSEHE

& EBERE RIS | FSEHE



i PRAERLR LY






. AR PR RLERX

[Bidirectional crosstalk between neutrophils and adipocytes promotes adipose tissue inflammation |
R, RIFRE, SEEE
1040 7 X 1) HRPESS, 20205812, K Vv

MGG & 2 BE PR DAL, NEBIRIMHARIC B 2 BERIENERS G T2 PSRN RoTEL K
WrgE i, k&R OMEER D, R oNERHAKEEICERZS S L2 MBICHL 2L

(Watanabe et al, FASEB ], 2019). AUGHCAEWEGIN$ 2 WEMEARIREIC X 0, PR SIREA 714 2 — % —
ThsbuAfa b))z ryB4HpEAESN, WHERHIEE - THERIRIGHMR IR T 4. 2 L24hakig, BEih#ile &
DALY IV A N4 VIL-1 BuibRER 2 SFEBLT 5. A SN/RAIL g%, NRIGHIIIC/ER Uik
WTOEEZFETLILIZEST, v27 077 —VONERVHEZELREL, KEZHETL I LITRBES
niz:.

[EHAERIZ BT 2% M E & B HROBRIZOW T
Tkl milifEss, KREEW, DR
SEFFRE AR, 2020.10.16, #K LFHE
WE DRI - PR F — A B SRR ORI R I i HAEAR I BT, MU H R XEED 28 RH i kR
(LI, THEOBEMRAER]) 2FERLE2A, 209 b0 1 BANDOAPAEEOHEM R E 2o, 72, 00S
B FNZHE O RERE I X ) B2 T o B TH MG L o7z, HNEZWAELZE 2 A, HHERIEEM
(85.0%) LLF & 7o 78Eliz 4 TNy B VEHLIBICE T L72b D Th o7zl ke r b, SERIO % T ILE - AR
FERDPEICKRE B LR Z R S/,

Z T, ABIETIE, MEEA (REGoy baidilay b)) RO 2 8 2 v, EHERERIC BT S Al o
& MLE & EHROBRIZOVTIRE 2170 72, TORE, Xy BVEHLEANE T T 2R L PZD L 0T
ROBRTEGEIRANC L > TRECE LD L, F24WO00SE %o Z2RANL L ) DIy LVIEHPOIENE TS
DR T E Do 7.

[NMR7— Z DK AEOR G T 7 7 4 ¥ 7 & LI mfihT ]
HwEE, EH—C R, HNFEE, HREA MAroT
AARSES S HI414ES, 2021327, EBBIEBHREF V54~

A [AEE] omigmix, HARTIEIMI BB L o THEA), BTAE, B ESAEICTT SN, hETIEEE
WREFIZL VAN ERAIIXENE. TNEOKFEATED ME 2 ZBIWICEHG L, Moz i3 2 &
ZHMIZ, (INMREZEZ W2 2 ¥ Ru— AT 217572, DR, Paeonia lactiflora’ 3EF & 5 5753 I2B VT,
albiflorin, 1,2,3,4,6 -pentagalloylglucose, gallic acid &% OFsucroseld H AT ¥ (HAREARE - hEFEAHE) DX
B2 L, —7, paeoniflorinZe &EDE ) TR VFIEIAORL 2 RAORXINCFLG T 52 LHhRE Iz #
B TR T B SRR % MBI IRAT S 5 5k & LC, HPLCIEZ X 2 SR & JLid L C, qHNMRE: & filif# 1k
WERTWAZ EATRENT.

(BT —ZOFEREHFLVE -]
i E
75 AF v 7 I LA TR 4533% 45 6 5 KR Rlaffal (2021)
. HERAFEHRD A b

Morita M, Kaizawa T, Yoda T, Oyama T, Asakura R, Matsumoto S, Nagai Y, Watanabe Y, Watanabe S, Kobayashi
H, Kawaguchi K, Yamamoto S, Shimozawa N, So T, Imanaka T..Bone marrow transplantation into Abcdl-

deficient mice: Distribution of donor derived-cells and biological characterization of the brain of the recipient



mice. J Inherit Metab Dis. 2021 May; 44 (3) : 718-727.

Shiino H, Furuta S, Kojima R, Kimura K, Endo T, Tamura Y.: Phosphatidylserine flux into mitochondria unveiled
by organelle-targeted Escherichia coli phosphatidylserine synthase PssA. FEBS J. 2021 May; 288 (10) : 3285-

3299.

Inoue S, Kohmura H, Igarashi M, Yokoi N, Morohashi S, Nomoto E, Yui H, Tamura T, Yasunaga M, Shiraishi Y,
Kato M, Yano T, Hishida A.: Development of program for estimating optimum harvest date of medicinal plant

Angelica acutiloba. Climate in Biosphere, 2021; 21: 21-25.

3. HMAVPhBiE
1 ¥
5% B D % yiin o8 F 5
St A AR AR TR R L A A S OV £ rFEEE 4815421 5
D3 A PRI R B0 I NS A S i R e F LIS WEFEAS 5548874 5
4279 — KGRI FEFEAS 6036193 5
TN —EROENE AT 7754 VEOMED FEFEAS 6047813 5
PUESH  [B% v vFHEBD-23%] FEEF4E 6596624 5
(2) 4F&FHEH
% gin W - A% 5
BIUHF b 11028 FH R B OBk £ HBH2009-221191
PR R0 P 0 P P LR R OV £y 1 FA2009-219484
B . .y HRI2013-271897
I'L - 1 ROUT N F{HIERLEH) PCTIEIWS I (PCT,/]P2014/084076)
PEEA [B% N2V YHEABD-17] HEBA2017-081915
zg%ﬁ%g%& O 0ER Y % & F 3 5 BIREEF L ICELS O 201835132
HARGRIE R IEHAL T AR T 75 T V2N b HBA2017-178890






