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Development of Design Space in Twin-screw Type Granulation (Fourth Report):
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Considerations for Long-Term Operation and Scaling Up

Hidemasa NAGAI, Hiroe HONDA, Masayuki HAY ASHI,
The Drug Formulation Study Group in Toyama Pharmaceutical Research Association
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Summary

Continuous manufacturing is a method of continuously producing without a break between the
processes, unlike batch manufacturing, and is being introduced worldwide. The continuous
granulation system installed in our institute uses a twin-screw type of granulation and a spiral
drying system, which is a different granulation mechanism from the fluidized-bed granulation
method commonly used in conventional batch manufacturing. Aiming to promote the introduction
of continuous manufacturing technology, we have so far learned quality control methods using
Process Analytical Technology (PAT) and created a design space, which is essential for the
construction of a management strategy for continuous manufacturing. In the present study, we
verified the relevance of the design space developed at a laboratory scale for continuous
granulation to the production ones. First, by using a Gf-105 continuous granulator, a smaller-scale
machine that was the same as a laboratory scale, we examined long-term operation under the
conditions established in the earlier report. After requirement analysis for particle average
diameter and moisture content, the products under the 5-hour continuous operation showed
desired values at viewpoints of tablet hardness (not less than 40N) and disintegration time (not
more than 60 sec). Next, we used a Gf-215 continuous granulator: a production-scale machine, and
the product obtained at the highest speed (15 kg/h) under two conditions (25% and 28% moisture
content) met the desired values noted above. These results suggest that the continuous
production of tablets with the desired values is possible under production scales.

F—J— R AR 2R ) -, FHA VAR=A, AF—NVT v, 7Ok AN LE (PAT)
Key words : Continuous manufacturing, Twin-screw, Design Space, Scale-up, PAT
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2 A 7 ) 2 — %L 1 66 rpm, JNOKHEIA
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min, FREMRE © 120C (HERRE : 60-70T)
b) FEAFER (GE215) ZHWIAr—IV 7T v TEE
(701 > b ERREAR AR PSSR ZERT 12 CHEER)
EFVAE 30 kg 12D9WT, 80 L H 4 X V #l
RAEIALAAR, 30 7 HIRAZITV, SRS
me L7z GRaFNTmERN. KWCcEAmE
JERIRE RS A L, LN O Ck &
1o 7.
Gf-215 (e RALBEEERE @ 15 kg/hr, A2 Y 2—
£ ¢ 23 mm, EBFRERS M2 m,
PRECE S D ¢ 1308 mm, HZMEERE AR E
8-10 m*/min)
ERALHLERE © 15 kg/hr (250 g/min), 2 il
7 ) 2 —[m#x% 450 rpm,
kE 4« 20, 25, 28, 30%
Y7 IR 4500 (W1 kg), SHE
HHOY ) B2 B : 6 45
Ji i 0 80 m*/min, AR : 120C (FERIR
J& : 70-80C)

2) Rk FEATG
a) ¥ 754 VillE
WAIRIA ORI TR A W Lo, R
(¢ 300 mm, HPBHX 1,000 um) (CCHEME L, Y



KA E L7z, ok, ook sE (MX-50,

WT— 7> F - F4) ZHTKRGEONEE

79 (BRESM - 105C, #15005%/min) & &
b S, L — =m0 A %R
(SALD-2300, (REEEAEN) 2 Hwv TR 18
(Dso) BILOPHRFEZRE L.

& 512, NIRIZ X 2K TMETIVEESED 72
B, KirwmDFL: 5 50 B O Pk 2 FE L 72
FRABHIOWT, Iz ARG EHS X D e L
ek mESRMEE L CHWZ, BU% L7 NIR
AR MVIZXH LT, BEEEIEHAL R R

(Standard Normal Variate : SNV) B X V2 &
o 4 AL L % i U 72 #%, Partial Least Squares
(PLS) HMREsATIC & D Ml 2 S L7z, hgse
L7z PLS €7 Vi, R? = 097, Root Mean Square
Error of Calibration (RMSEC) =012 =/~ L7-.
b) 474 il

NIR (MicroNIR, VIAVI Solutions Inc) % Fw
THifedkirh (F28mm) OKG=EZWE L7 K
HElEd 50 Lok L-meEia Ty 7 v
FALTFMEIT- 72 KT8 (Dso) I22WTI
£ V54 vRTFENE7a—7 (Parsum IPP 80-
P, Malvern Panalytical Ltd) % Tz oMl
ExATo 7z (WERER 1 4H).

3) ek
a) FIgELl (BE/ 1 8EdH720)
T N7 I 7 60%M0L ) FERH]
345 mg/tab (99 %)

ATFT7Y) VR AT A 35 mg/tab (1 %)

b) e
EAL 2 FT S oM ) 100 g R L, ARV
LIZTTIHMRA L. wiZ, v—51) —XJ18e
A2 HOWTUTORNTHEE T 72,
SERNIE 6 10 mm, HFF 3 AKA7, 1 € 3485 mg, il
F£50 N AEEE, ¥THE © 10 kN, [0] 8 8% 0] iz % 10
rpm, A —7 Y74 —=F Y a—flif

4) SERIPVEREA
SERIRE LR (PC-30, B HHRS L0R) 2 F v THREEE
ZWE (n=20) §5&EbIT, HEERABE (NT-
2HS, BIHEZER) =AW THERFHZIlE L7 (n
=12).

w R

1. SRE%EAV-REFEEGOWREE

T REE (GF105) ZHWT, FHRALHEEE 2 B X O
3 kg/hr 5% T2 B\ T 5 Ke [ oo i e i i % 47 - 7.
ZOB, A4 vy TRTHE (Do) BIOKRGEE
WMESTLEEHIE, T 754 THY 7Y 7L
PAZDOWTHR T (D) EARGEZMMELZ. £
DFEFR, BAOEMTILERESHMBICHER 7 1V
¥ —OMENBEL, EiEzELL 200,
7 ANE —HEBIENEE LT, 4 ¥4 VR
EHBEBOWERMZ2MMHL, =Y 7 —TKE LN
LR WA 5 2 & T 5 R o E i AT ] B
otz FldsnEih oW Ex, 194 vk
F 7Y v SHEMETIEIER CEBZRL, 5O
HWHEIZIC BV THE LN RIZ T A AX—2

& Gl 3485 mg/tab (100 %) W (BEHR 7 128D S RBEREPH © Dso (L —H— 3 xX)
MFE (D) DB (2 kg/hr) KFEDLLE (2 kg/hr)
350 o FYTULTAE 4.0 —aa FYTIVTRIE
(L——EFH) (MEEIRH K5 F)
P2 (n=3-4)
o e b ey
(NIR) (n=2-3)
~ 250 o _ 3.0
5 D“U’” q\ /D"'D"‘D—_D--D--D é 25
pH 200 7 |
W R
; v—\//\,_/——o 3, s
150
1.5
100 JREHEMETA o ERhEnEA
30 0.5
0 0.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 4.5 5.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 4.5 5.0
EERRFE (hr) EERRFE (hr)
Fig. 1 REEERICHITHFENMYE (EHQAERE : 2 kg/hr)



180~250 pum, 7K 4 & (0 2wz B X oK 5 ) ¢
15~25%) ICIF->TWB I EDMRINT. F72,
R OEWE LR T 5 &, 2 kg/hr IZBWT

EE A N ENRA L7254 3 v TR TRICE
AR SNz (Fig. 1), 3 kg/hr TIXZBIRIZ/
X< %zo7 (Fig 2).

MFE (D) DLEE (3 kg/hr)
-Qe= YT T BIE
(L= =B ,_.y
—— T TAHIE -
(Parsum) @=23)

)
O="8y
200 T

- 000

EEERNIE DN

#FE (um)

00 05 10 15 20 25 30 35 40 45 50

TEIREER (hr)

KPEDLLE (3 kg/hr)

4.0
_—tm YT EIE
(InEEzIE KD ED
35 (n=3-4)
AVZAVRE
3.0 (NIR) (n=2-3)
S 25 ===
nml - '-'ﬂ'-—@-—k——‘a-‘ﬂ
2.0
£
1.5
1.0 a ﬁ ﬁ
[RFEMBA
0.5
0.0

00 05 1.0 1.5 20 25 30 35 40 45 5.0

EERRE (hr)

Fig. 2 REMEE&IICH|THFENME (EHLIEEE : 3 ke/hr)

2. REBFEEHRIFICHEITZTY A AX—ZADRIE
(SR E(E)

A 5 AR FE D BIFIER AN B THESE L 72 8k iy ey
DTFHAL A= (Fig. 3) 122\, EHHElR
ST CHLHEMAWETE LI LEZ2MAET 4720, 18
M EWZH 7)) 7 LB x v CieRl 2 5E L
7z, SERIMVEZ BRAN L 72458, 2 B XUV 3 kg/hr Ol
HWETIZBWT, 7)) 7 Lz XToOMiEERH
2B 5 A O HEAE (FEXIAEEE 40N
DLk, WhBERER 60 P LLN) #&Gi7z L Cw/z (Fig. 4).

5 i
o b T S
o SEHITERE 40N LLE -
'-.__Fi'ﬁ RS 60. sec LI F
A -|1"-I L",

oA

i r'i:."- .'\'_. TE Sy

FEP I ()

Fig. 3 EFLEHREDT YA 2 ANX—-2A

(n=20)

% TRHIRERE

SEFEEWN)

: i
A
0 12 3 4 0 1.2 3 4 0 ﬁ i ﬁ ﬁ ﬁ ZJ 77777
M () EAEH (hr) B U O R L T
2 kg/hr 3 kg/hr 2 kg/hr 3 kg/hr

FRERRRE

Ll

(n=12)

=
S

=N
=)

-

IS
S

HASERE M (sec)

v
=3

20

Fig. 4

RIFEEGRICHT BT YA 2 AN—ADKIE



3. AT—=IVT7yTBIIHBIBTHA 2 AN—ADIEE

WICELEFEREZH A — VT v 7484 TH IR
BCRELETHA VAR—ZAPBEHTX LN EH 2
RREZ AT o 72 BEIS, RIS B W THEERER (G-
215) MM L7 EBEIT> TWENRY, F¥AL VA
R=ANIZ A 72 1 MDA DFM & e o 727280,
WL 2 206 L 72, 4 llidEE % 100 m®/min 2* 5 8.0

m?/min \(CZE L, FOMIZFESEM Tl 21T -5 7.
ZDRER, MKES 25 B X 08 28% DR AT H A ~
AR=ANIZA->TEY (Fig.5), ZOERIZONWT
FIEett, SEAIMVE 2 AN U 2RSSR, HAEME (BEAInERE
40N DL E, BABERER 60 LIN) %L Twb I L
DHEFR &7z (Table 1).

FEHRFE @=3 KA E (FIRFEE) (n=73)

700 3.0

250 FHAURR— RO ; 25 THALAR—ZAOHH
£ 200 g 20
[ L[]
tt R

150 1.5
B ¥
B

100 F 1.0

50 0.5

0 25% 30% 00 25%

mKE& mKEE

Table 1. R7 =7y THB I B THA 2 AX—ZADIKEER

Fig.5 R —I7v TRICE T BFERMED LR

Ak EIE 20% 25% 28% 30%
FEAIEE (n = 20) 25.3N 43.1N 45.6N 65.3N
AREERE (n=12) 34.0 sec 43.9 sec 39.7 sec 50.2 sec

Z =

SR FE S HAITR S TIXIR NI BT 5 i A4 pE Hfly
DFAZMRAES X OEFEGEEOHELZ HIyE LT
L A AT 22 72 A B S VB9 A M & SEH L
TWw3 ¥, ZhETOMFIZLD, Ao EH
WIS DRI % T A Y AR—=ZIZOWT, T
INTA=FITMZ, #EkICE=4) v hER
Ko & PR T2 W2 A v AR— R Tk
L7z, Zhcky, EEEICBW L, EEYWENE
(CMA) #PATY —NVIZX YW E=Z%1) V7L,
T4 =Ny ZHEEZIT) 2 LICLY, HESEY
W 7= 3SR DL N R EENTRE L 70 5 2 EATURIE S
nrz-.

ARRFFETIE, A PE I B W THE SN B EREE
S TFICBIT B 7Y A v AR—Z2D@EHTIZOWT

Bk 24T o 72, ZOMER, ESALBHMEE2 B L3
kg/hr DFEMHFIIB T, BRI 7Y 7 LM
RSSO N8EANE, AR 40 N DLEB X OV EERE
M 60 LN E W) HEMZ WIS N BT I & 2
A L7z F72, PAT B TH 204k (NIR)
WX DHE LK RB LA ¥ T4 VR 15040
ETO—TICEVRE LR Do) X, £75
A TOY 7)) v e E BiF B2 R L
PAT #iGH L2 EEBROGRIED R ENTZ. &5
2, WIIIRGET BRI B W TR 7 4 — ¥ — DA%
SE 72 BRI 3 2 R O B8 A0 S 7225,
ZOBZH PAT BZRIC K D EBEI %2 ) TV 5 4 A
THRIEETH 5 2 LRSI NIz, — /T, s
PP DT X A 8% L L7k, 2 kg/hr 55



P CIZECRE NP AR IR FREDOEE RO b, §E
FWPEIZ BT H S X OB R O 2B 2% 3
kg/hr e L KL TR E S AR E NI, 2
DR E LT, 2 kg/hr FHFEERMHE 7 4 —5—D
/MR RIS L, AR PR I B DA & 7
52 L THREIDFA LI-TREESE Z LA,

F72, EAEREH WA — VT v TEBIE TR
SOMEMETE LTEB L. ToOE, T4 VA
NR—=ZAND 2 KETHEL 72FR 25, wIihd HE
mEZEWMZTEAIPELN, ATF—V7 v THRIZBW
THMBETHA VAR ZADOBEHANREESZFF I
7z.

E

RIFFEDZETICH ) Thhhvwiziiwz7a 4 ¥ b
PEFMRA XA O E -, EHRERICE HLH
LEFEy.

X #

1) BROZATBOE NS PR 2 & B o o B
TEFAM WG+ HARIZ BT % #fe A pE O e 1l
https://www.pmda.go.jp/files/000239490.pdf
(2021)

2) BEIRE T ¢ B SR 218 Granuformer % Fl 72
GRAPEIIR T 2 HC) LA, BAIBEA B 72
RE, 27, 2,136~141 (2018)

3) KIFE, EAME, HEFHE KIS RA
4y - il EGE R & Ny F R BRI & O JERY
PEDIEL, A 2 4B E IR SEFHAR AT 7E 8
vy —AEH, 48, 37~42 (2021)

4) ARIFE, EARME, HERME FEIRSEA
Wax t 2Wh A 7)) 2 —RIFER & AT o 2B ORI
BN X W PEIER, A A 3 4R LIRSS
WAWZER S v ¥ — 48, 49, 19~24 (2022)

5) AHFE, RHME, HIEFE, SHIFEL, LI
JER B 2 ¢ R G R R O AR O WP
It #, PHARM TECH JAPAN, 41(10), 23~28
(2025)

6) KIFE, AHME, HiEsE, IS RALE
RI2WMA ) 2 —HERICBT L THA R
N— 2O, A4 AR EEE LSRR A sE i
F&t v & —4EH, 50, 19~24 (2023)

7) KRIFE, AHME, M, IR EAILE
RI2WMA T ) 2 —HERICBT L THA R
N—ZOHESE (524, S5 FEEFINEESR

WAEWZER S v ¥ — 48k, 51, 18~22 (2024)
8) KIHFHE, AHME, iy, FEEFZESEHFH
RI2EMA 7 ) 2 —BERICBT L THA VA
N—Z DR (55 3H), 6 R LIRS
AR >~ & — 4k, 52, 18~23 (2025)
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707 % — L
T AR, DR PO, B iU, WA 55, HDIL 22, EINRSESEE RIS

Proteomic Analysis of the Wound-Healing Effects of Peony Root Extract
in a Mouse Wound Model

Yasuharu WATANABE, Rieko KOJIMA, Takeharu MINAMITANI, Tsutomu YANAGIBASHI,
Yukihiko AIKAWA, and The Biological Analysis Group in Toyama Pharmaceutical Research

NGB M) ETOFTHY, 2O

Association

E:2 =

¥ % 7 X 2 (Paeonia lactiflora) ML ¥ 23k EBIEMEZ A5 525 BIHGRICHE T % in
vivo TOERBEF L 0SB S Tld v, RIFETIE, Y ABMGEETVEHWTZORBEEGT
filiL, 7974 — ALY BIRATD Y o8 7 BSEBIBNE % fEHT L 7.

ZORE, XY IMIFETICLY, W TFHGHEHSBH® Day 125 Day 3128V THizE
WK OMEHEATFED HN7225, Day 58 X U Day 7 CRAIHOMi/NBIZE ST, HREEIVRIE S
72. Day 1 ® 70 5 % — AENTTIE, #iARB X OBEROWEMAL, IREEES TR T ok
MATERD S, RIE MBI % A L 72 0B G 2 O JoEAvRg S v 7z,

PEXD, Y rx 2R F 23RN IS 5 —0, ZOER O T 72
BN XD BB OB B AT R ARIZ S 7z,

Summary

Peony (Paeonia lactiflora) root extract possesses a wide range of biological activities; however,
its in vivo effects and the underlying mechanisms in wound healing remain incompletely
understood. In this study, we evaluated the effects of peony root extract using a murine wound
model and performed proteomic analysis to comprehensively characterize protein expression
dynamics at the wound site. Topical application of peony extract promoted scab formation during
the early phase of wound healing (Days 1-3). In contrast, no significant reduction in wound area
was observed at later stages (Day 5-7), suggesting delayed wound closure. Proteomic analysis at
Day 1 revealed activation of the complement and coagulation systems, along with increased
expression of lipid-related and antioxidant proteins. These findings suggest the enhancement of
early defensive responses mediated through immunothrombosis. Taken together, the results
indicate that peony root extract exerts a protective effect during the early phase of wound
healing, whereas sustained or excessive activation may impair later-stage tissue repair.

F—T—R:T7ustk =AM, Yr oY IRIFR, AHE
Key words : Proteomic analysis, Peony extract, Wound healing
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i

AR T, FEBLVEI O 20 BR 0 O WAL AR 38 it B 76

REBEEELGRONT VAL > THESND &
&I, MR EECMST & OMEAEH % /- L TR
BT A, 7urt—A4irid, ¥ o7 E0RBED
A7 H§, B EAEH % &0 7B A E) & M5
FICHRZ AT L DSURETH 0, Bl %2 Wiy 23
[y 272 0DENETFHED1ID2THSL. IhET, K
REFRIH, FHIGHERERNRNA Y= —D8HE, &5
WA SRBE R O 2 WA S T & 72

WKCBWTEEHIRTWS Y, EYOEHIZER S ~
N7 OEBMMELEINS A, =5 - BRI
RS2 GRS T Ay NI =2 2 L TR
THLIEDPHLRELRSTWAZ NS, TuT+—
LR Z I LD ET 5 F I 7 AL, SR HIERE
DI B W TEHERZEHZH-> TV 5,

B INERFER O v & — Tk, AlEprge st
BomifbzHWE LY Aro—BRELTTa T



F— A EERLTBY, &ILRERMIER LWL
RZIBWT, Yy 7Y 7B F AL MR %
Hwf@iric kv, RER#EB LY v Y — 2B
IS G-5 55 YN EBRORIEEH 2L LT
W52, RKEFETIE, T RAEBEFTVICBITA Y v
Y7 WL F ZOREGRAMRITEH L, Ta7 4 — A%
WrC X 250 THBOMHE HI & L7-wige % FE0E L 7.

X X 7RI F AL, PUSIEMER, Bi A OV Ak
M, PURTER, PUBRALVER, SRZdRmifEm, MR
TEH, BXOREHIEIER 2, S EREEE2 A
FTAHIEPMESNTWSE Y, X512, BFIIHT 5
AIRVEHLAONTEY, v b2wg e LzHHRRE
WZBWTIE, Y Y7 Y I/ F A2 EH6T A2{LiEmO
EICE D, HEOLbAEEICWET L I EAVRE
NTwabY, F FEESTHEIRF=70Y) VI
27 = CAEEIHERHRESNTBY Y, Yy
YR F 23S IC BV THH I LT 5.
AEEIEICBI L ClE, b MEREALMILE H\v 7z in
vitro JRFTICBWT, ¥ v 7 ¥ 7 BT F 2550l o it
EBLUBHEZMET S 2 G SR TBY, Al
BRACEEHARE IR TWD Y. L2 LS, Al
BinEEHE Mo E TR, ¥IF 794 b,
TE N, MUHESEMIIL e S SRR ML SBE G- L, K
SiE, B, VBT 7l Vo - EREERYEAE 2 RR T
TTrEmEICHREINTEARIETHDL?. FD7
W, ML OB ZE A EAEH % & o 72 2% 0 BLR
\Zi&, in vitro FEERRO KR TIIRADH 5.
ZFZTAZETIE, Y AAIBEFTLVEHWTY ¥
77X 7ML F A OB RERI R % in vivo TEHIi$ %
LT, TuTd— AT X VAR BIT S
5 VX7 B BB RE & MR IR L 72,

R
X IV IRIFAOFR
Yx X (% B & & ILRSERRY
10 LEF

BBy —TEHEL, 10 25 11 HIZU#E S I,
P LM ZEZR L2202 RIS IL, HARER
FTHEINTWEXF =70 yEFEOL#E
(20% LA E) %7zl TWbZ ERMRL. Ty
IX KPS, AF ) —VTIFAEMB L%
MRS, Yy s oMz RE L YoV O
I ¥ R % Dimethyl Sulfoxide (DMSO, FUJIFILM
Wako Pure Chemical) Ti#H M S & 72, 2 mg/mL
XYY I M F A, 05% DMSO, 10% 7u L »
"1 2 — ) (Maruishi Pharmaceutical Co., Ltd.) &
HAHIXIHBE L T Yy XY IR F 20N
% (Vehicle) £ LT, 05% DMSO, 10% 7u¥L v 7
Va—VaxHE L &b, el ryrY)a—vid
PETENDOIEGAZ8 L7 2 R 728 5 7201 m L 7z

ENRER

C57BL/6 <7 A 1% Japan SLC X W EEA L, &ILE
WHBROMERIE Y v ¥ — OB EBRHZIZB VT,
YR EAALE (SPF) FHETFTxA4 27074V 1L —
y—r—IHNICTEHEL, 48KTHERLZ. fFI
194 1 70 WG A 2 v (12 BRI 12 1 R 5 30)
TITV, KB L UEHIZAHERE L7,

ARRERTIZ, B P LA X B2y 285 BRRE
FIVEHWREY, 7% 32 (100 mg/kg)/ ¥ 5T
(10 mg/kg) WA MREEZ ERENT 5%, TEHOET%E
INESIH N B TH Y bL, BREBZ Y -2 (K
i) 2®ALTCEEZEEICKRE L AR LSy
(Gt 4 mm) ZHWTEROBEE 2L L, 8l
AL 4 T ER L 7.

Lid~o X 152y ¥ 7 ¥ 7R F 2 20 ug 241
AR IC3HMIH1IM10 ubig F L 722 (K1),
Vehicle & LT DMSO % i ##EE 05% & 7% % & 9 [6
BRI T L7z, SHIE, 12K ICTFL V7 4
> (Otsuka Pharmaceutical Co., Ltd.), % 0.05 mg/kg
TI100 pL FFHG LAz B S A1 H F
721X 3 HEICFH~ Y A2 &0 T 5 ILg DSAMEFLFIC

 Vehiole (RS A0EN DMSONT% FOE L7 U3 =)

ZM b Ll o R 4 )

e F TP E 30 % O F U I=A)

——='Wehicle Dy O 1 2 3 & T
SO S S S S— :
4 [ + ! ! +
[ BAME |
¥ i
';ﬁ'BLI'E-I'?I

| AMMEALED | FEELENEED | —» FOF+- LW

]l EWAF—L



X DRI, WM AEREEL, M) I YT LE
G OKRE RS TV E LTR80T THRAEL .
VX 7YX 7T F 2 F 7213 Vehicle 2 TF LzENZF
N2DFDOREES > 7V, 1213785+ — L EbT
FEBL, ) 12@F e LTRELR. 005
ELT, BEBAGZSZ TRV Y A3 LS
TREZ I 2 BRI L R E S > T v & L7z,

AWFGECIHENE L =By ERE, & ILRESER A
%t v & — B ERE B X OBEEBRITROKRZ 15
THEL 7.

Y7 IAS

B HL L 72 % )8 2, Protease inhibitor Complete

(Roche) % 7 tr 5% Sodium Dodecyl Sulfate (SDS,
Nacalai tesque) % 300 uLmz, WiHE—X %%
WL 7:F 2—7 (Precellys lysing kit CKmix, Bertin
Technologies) & ¥ — X % ¥ #% (Minilys, Bertin
Technologies) # W TAHE T F 4 X (High Speed
208 ) #3MWAT o 7. 0tk W E IR

(BIORUPTOR 1T, Sonichio) % T 4TIWHL
AL M E WA L (HighH 71, 30 sec & 15
cycles), 95CTHMRLYy > TN & Liz. vy
ZiEE X BCA 7 v+ A4 (Pierce BCA Protein Assay
Kit, Thermo Fisher Scientific) (2 & b E& L7z,

& o7 20 ug #%F50 uL & 7% 5 X 9 Protease
inhibitor Complete % % ¥ 5% SDS CTH# L 72. 05
mol/L PV A Q- HNKFTIZFI) FAT 4V

(TCEP, Sigma-Aldrich) # 1 uL iz CT37C T1HK
A YFaxX=ME 05mol/LI—FT7EFTIF

(Nacalai tesque) # 2 uL Mz 37C T304 M4 ~
FaxR—=FL, BILTNVF ML 1T - 72,

S-Trap ¥ ¥ 37 ZHiL# A — b v ¥ (ProtiFi)
VT, FLEICHE USR8 & O & bR
L7z. Trypsin (Promega, ¥ ¥ /37 Z&® 1/10 &)
¢ Lysyl Endopeptidase (FUJIFILM Wako Pure
Chemical, ¥ ¥ /327 & & ®» 1/100 &) % S-Trap {2
2T, 37TCT—H b L7z, S#EICELTRTF K
%%, Speed Vac (Thermo Fisher Scientific) %
Tz S 872,

~ 7 F  F 2100 mmol/L Triethylammonium
bicarbonate (TEAB, Sigma-Aldrich) % 10 uL b0 L
W%, SHEICHE U C Tandem mass tags (TMT,
Thermo Fisher Scientific) ffak L7z, ek L 724X
TF K TNE1IODF 2—TI2F LD, Speed
Vac & VTl S8 72,

WK &2 Y 7V 2 mol/L R # (FUJIFILM
Wako Pure Chemical) /1% Trifluoroacetic acid (TFA,

FUJIFILM Wako Pure Chemical) 50 uL CTi&Ef# L 7.
C18-SCX Stage Tip (GL Science) % JH\»T#kiFf,
H1IMEOBEWE 35 uL Mz AT v 774 X
X D4 L, Speed Vac # W Tz & & 72 SC
buffer (0.1% TFA, 2% 7+t F= 1+ )V) 10 uL ZH 2
R, LC-MS @it L7z,

®1 FHH Ao R
Fraction ::::LTI;-:-IM'L] E'i.l? ME?E.::“E
1 o Z 30
2 (W] 3 30
3 i) i a0
4 i) B a0
5 10 B a0
B 800 -] an
T i | i) an

LC-MS? BIE

T EBERE MO HETBI o722, HEM
FEI2I1E, PAL-LSI 4+ — b 79— (AMR) % #ie
L 7z UltiMate 3000 RSLCnano UHPLC (Thermo
Fisher Scientific) &, N4 7V v F & & 4 #r &t
Orbitrap Fusion Lumos (Thermo Fisher Scientific) #*
L XA LCMS Y AT A %2ffifiL7:. v o9 Th
Z 2121& PepMap Neo C18 (300 pm X 5 mm, Thermo
Fisher Scientific), 74T # J 4121& C18 NANO HPLC
CAPILLARY COLUMN (75 um X 120 mm, Nikkyo
Technos) #fiHL, #5245+ —71Z40CIZEREL
oo LYY 7 vE LCMS Ml L, Biix
5% (047) — 35% (0%7) FTOYV=77FI b
LD RTIFFE2BEHBLZ (AR 01% F8; B
100% 7+ b=tV J) #M5Elx Synchronous precursor
selection (SPS) -MS3 E— K Ti1-o 7.

AR

B & RO LTI L7222, % v X7 B Id Mus
musculus UniProt FASTA database (UP000000589)
ZHVTHE L7 Bati2ER oI, &5 o8
7 B OB L CTo#mat (ANOVA) Z#H L

BB ERT Y N E PIH (FEMESE) I
FOWTH%E L 72, Gene Ontology (GO) it % &rte
FERERIZ > ) v F X~ MENTIZ, Metascape (https://
metascape.org) =MW, F7 4V MkETHEML /2.

R

Sy IV IRIFACKBZENEHBULDOEAL
A N LoX Y (GENEEE 4 mm) THEE &R U728l



B, Y XY o7 X 7 MF A2 20 gk 1H1MS
HE 10 L F LERZHKZ L2 (M2). b b&Xf
LLLBRRABICBOTIE, Yy 7Yy 7B * 2
1% THAINTBD 9, E5ICEETDEN~DIL
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AICHGT BRI (K6). —FH, W
L7z 44511, BEWiME B B{LICBY 59 % Hydroxyacyl
-CoA dehydrogenase trifunctional multienzyme
complex subunit beta (Hadhb), f# ¥ 2B 5 3 5
Malic enzyme 1 (Mel) % Glycerol-3-phosphate
dehydrogenase 1 (Gpdl), I b ¥ NV 7 A FERECH
I2B5-9 % Citrate lyase beta-like (Clybl) T& - 7-.

B2 v 77 2RI ¥ AW TRONNEDORE
WIS FR2 o RIS, S 2% P B F 2 20 ug il F L, B ER2 » WiZidVehicle & Day 3£ TIGH 1| W F L&
Day 0L, W FINOFRT &S, AREEK BREKLEERNTRS,



Wehicle V5 Non-treated

186 Down 130 Up
12 regulation reguiaticn
1o
! »
E .
L ;
- 1 s "E
i ! ¥,
o
-2 -2 -1 [ 1 2 3 ] -]
LLogl R

E3 #lDay 1L &8 i rHORRIE
B B Vehiclodll 17 AR & ST 230 AT AN VT M L2

stk Eovrplempmn el cosquimiion Coi e - M st (s wasis
M PRI Rmavopel e s

§ O 13- Wk Pl Colodnll pdiaiiien
:DD‘WIHIJ"C' T o bagrrpe gl
N M pelbogm i
IDI:I'D:I!I:II:-.I ety cegubener o meaene I:n--l:l:l.'ndi:lrl.i-
| a2 1 ef @kin cpiztheleton - doy reassuion Thoane resnal
' C1 00 7 1T pamden potwale Coaskde

| GO-CI L BT ok (3 ]
.Dﬂ'ﬂﬂll“ﬂ el pquldpler. of poll adferen
| CeD a3 B dgbor. o rrp eraTaTETy

|DI:| DI IEENE rpragen scbvaiion

B
B

™ n = »
=gl

o0 11 TR | Poafie’ STl o ] el el el i

TR0 104 wvbessramiuslin Plasars] | ylosheirlon igeiislen
B Oy b clh o bk i helmrir

Fo- il 3 D M

i ol Pynesste matsbolnre - Ih.-.m“.llln-rrnnﬂl

Ol 334 1) 1 it rravabeads pITOAEL

[ PRt 700 Carbon Petabobam - ol Maniuna (Fests mans]
+ P-4 P 1 e el ke crgasabn

| ety e b rospenae b tras

kL bl ¥ . My (LT 2]

Lok 4 Fp e alorhesneai- B complia
1 G 1 [A R ARREOk DG is
D OQEI0TE, STy el Pliin ariOpwiley

B3 I3 58 T3 BB I1F3 138 174 A
g 1R

E4 WEDay 1 ik UV RMATEL 2 2 NOGORT
AU IR & O L MES AR T 2 (L A IS L & e  WOGOSTIT.
B. A0 & ol LINETAr T 2 R0 AT IR L & s HOGOSHT.



*  4Down
regulation
3
é_:
L) iyl
m.
Gpat 4
o I
o

Extract V5 Vehicle

25 Up regulation

Adipoq
Cpnd

Ig |amitscln-1 chain ¥ regicns MOPC 1048

i Jf "‘\a

wﬂ-w.-m

R 4 [T

Bs BEDay 1TOH+ AT F ARTE LSS I AORARE

Vehickdl] T £ Lo 7400 =5 20 RO E LTI 5 3 B4 » A T

L T

B2 WNDay 1CH LT, Yy YB3 TICL YVehich@WT LY &

WERCHFL LS AR R0 L 2550F

Goeng  Abundancs Abundance

D Symbal  Ratio v (%)
CDE prigin -l Cdsl L] 813
Apoiigopioten B. 100 Apoki 1533 455
Coagulaton Iecior X8I B chaan Flls J884 518
Complsmant oomponest C8 aipha chain Cha 3 B08 AT
Complamant C8 Ch 1445 A2
Froodin-1 Fend 1443 518
Mlanreocpi-Dinding proiesn A W1 3 ¥ T
Apaligoprsien G- Apoct R 432
Complmant CTi-A Ricomponed e F3 Rl ] dd 0
Pgmen! epdfebum-dersed facior Sempanfl 3008 ad A
Immuncglolulin Bedvy conitan ghmma 3 Feagmanly  ighg) 2880 47
Cimphiiminng 50 SLibeoim pdebiil Sl & Ciga 2938 53T
Coaguiation lecor Xl F12 ZATR 433
Complement component CH beta chan s i) AgT
Adiponecin Adipog ZB5T 418
Carbowppeplidass M sutoni 7 Cpn2 28N 415
Iy lambas-1 chin V' regang BOPC $104E - 2815 g2 7
OlglaPins paradpss 3 Gpxld 25N - I S
Pigsma probeass O nfidorn Sepiegl 2837 w32
Compement componet G ca 2803 LR
Complemisnt fachor | ch 2488 3 5
T Hps 2355 412
Filbaufie-1 Frint 2000 w3
Prothiomian 4 2085 1.1
Tramcobatamin:-2 ‘I'u_ﬂ EMD Fali
14 8 e chel - e I P

i SEE T

i1 s 7T Paeveatian of arin. et iChpriing) Ecadal

Sk SET IR s BrTFARDRE CE

OGS TG BRI R T e

B TLTIPEY: Beglirey ared Liphstor of Lgarehy by Suremger Frceptan

5 Bl 13 1
Ao LBR

E6 MEDay e T v 22l f AL VRAANRICEELLRNL =

258 i MOGOHIR



glfE Day 3 O+ IV IRIFADIER

A2 FHE L 2 VRLEORE L, A% 5
7z Vehicle il F#%5-TIx, 25U EAEICS v 8

7B U 72 T3 284 B Y, WP L7251
A6 D -7 (K7). GOGZHITXY, 28 A
BACHWINL 729 17 1&, & ER @R % Neutrophil
Extracellular Trap JEHK, #ifk, KIEISL, M5
SYRECHEET LI LRI (K8A). 4f
ERBER I BB ICFEAE 9 5 Neutrophil elastase (Elane)
% Myeloperoxidase (Mpo) 7 EHilN$ 2 Z &5,
GFFPERABIGERAT IR LT Wb 2 EHEEE S, 4f
MEREREDFFEINRTWDEEEZZ bR —,
Fibronectinl (Fnl) , Vitronectin (Vtn) , Tenascin C

(Tnc) , Thrombospondin 1 (Thbsl) , Versican

(Vcan) 7% Eofifght~< v v 7 A& T HO
SEBMIMASHER SN2 &, M~ Y v 7 2
DFEED L CHBRBEOE L RIR T 5. —7, 2
B DL B BICRA L2 11d, Bl X 2 MRk
5 EEZONLMBERMEN~ M) v 7 A
T5L0THo72 (X 8B).

T X I F AW TS X D Vehicle W TS &
DD, 2B LAY VX BRI L7251
Eaho7z (H9). —FH, HEEEZVH 155D

A

Bins A5 11E70 b 0D, Mpo R#lifksn1, B -
BRI 70 ERIE AR B % fikife L T2 L CTw A i)
-7 (K10).

Vehicle VS Non-treated

116 down 284 Up
regulation regulation

-Logll P-whlisa

Log?2 Ratio

BT FlDaydict S 2 rHoRBEL
A & Vehicled T BE NN % 30023 4 7 & A T ARET
L.

.!_.l-u.n-nm
3

i i
g g AR TR TR, R PR RS R R

el 0 [ yegplereees] gl sommidad e o gl Bos veas g, e sws ]

R H T i I AT
LI TR LR TR S 1 e o e

el D Bapaaan o B0 Ty - G PRI e e
RS T rewpkad e, ' sy P b e s

el DTS Pl i O L -t

sl |45 Fpgerers . b mea ok Pemar memeal
CHFELS LA s e e il el

1w ™

g
readri |l ey ageasry lln-u-nmllﬂ-lr-nrnl
o BT B ARl ol
G D3 drhlmwm
FRhL N et poil Py

rrenalitl, Cyimipbrine. o rgoby ey . Sy sy Thense P

b reaea (P T |

WMH? r!nl-i!rll'r-nlhrri-'-rnm

) T A e PRl T e o L st
ool D R ikt e by o o

A EEEFEA] rempal mw G asbejend pomar v o Il
GO ANl pemdadeer of prele] pd rresprE comdTE TN

EAl DECAIE e S bl
o il 5. pepilaior. of oo P
rrera ] L Hyperirophs: © Wiym, = plomy | Rmrn s

0 B x = ©
P

el =i 4 P h—m-clll.-*rmu
ML JED IR Gy adian willele deg el
Al e ek ) i sl owl devipIRET
[ R m-ﬂ'n‘wﬂh‘b
2 el § L0
w1 mmmm [ regu ) fhesae e |
(=53 L BT T e T ]

faa EU O el ) Bl L R T B T L T R s

8 FfSDay 3ic k& & o HORRTL

A AR L Hes L BTG T

ZHEL LRI L 2 ¥ ot OGO

b RO o LA T 2 AR EL AR ER e L 5 et 8 TGO T



Lagil Poyalus
(]

4

Extract VS Vehicle

-3 -1
Log2 Ratic

E9 WlDay 3T 0 s 2P P BIF AR T L2 A2 HORMEE
Vehsclalli T & & & 0 BEoe 20 20 TP HOEF & £ LS00 30D o T L AP T

TR L,
Complemant G5 Manncss-hindirg protein & Prothrcambin
- 0 Vehicla 19 o Wihichs % s e Wik lele
i Exbraict g ] ——Extract E —a— Exiract
1 L
, §- i’
. s 3
4 _E & _E g
i i il
| o 2 '
& :
[ a
Day 1 Day 3 Day 3 Gy 1 Day 3
Filsaglin- 4 Haudraphil elaslase Myulopatoxidasn
T — O Wik L O Yehicke e = Wghlcie
—a— Exiract —a— Exiract iz == Exirmci
E ol
12
| H 2 _,%’ E )
4 ﬂ iﬂ A g i I -é
o i 2"
1 5
[ ] -]
Day 1 Dary 3 Day 3 Dy 1 Dy 3

E10 #i¥Day 18 & FDay 3Dy XV S BT S D LD ¥ iy HORBEL

Coapgulation facior X8
LB Qe il
s
2,
£
ii |
2 4
PR
i
8
Day1  Dayd
Pigmant spithaliums-
derved factor
g‘ T el Vighicla
== Exiraci
: 2
Eq ] .ll.--ﬂ
-
i B
@
Day 1 Day 3

B A S Day 113 L PN Dy 30 Vehicke E i o e B A PO A T e dEi SR RS

FrasnesgrE e TELE

Ezror har i SE T #E4E L7



& L] ia i e 13 L i
legLaP

eI TAT. Smanolafbarysl el Malabolel prodeia

Bl TA YT T deproher peupiration arel euperaiony seciTon rerapors
QR 11 ek e ey e

Ui d D Mropsreae

medabaiem - Bus mane i, [house mesasa |

PRSI L . Dbt o el Fry - A, S wha® [P Pl

B S TF V1 Bl dooelleon of Lwdrg- D2 b dedansapl Do Cid

remedin M Gbyarpists sndd deearboaplaie metatoiam - b mes i |eeasd meane)
Sl 3 1 AMPY Safdles] BTFrmdy  Mii frard i DS e |

Tl S0 resporra bo cold

Brbdnnn s TP IR el i Pl PaTTy ol Bt @ odlalai il Lsailurutdl Famy sivl
Roh-nc b CRERRE Ll b e P

Tl E1iT] cbrate meelabobs prooma

(AN Y Tty B 6 Pl

GO I8P E: loreg-chan Tally eird molabely procma

AHESORSELY pelulsr renpeanas b coda

E11 B{lDay 3cEVT+ 2y 7HzF AL L YHBLF A7 HRAYFED L ST OGOHE

Vehicle i FT#H5- X0 vy 7 v 7B F A FIC
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9). GO#ricky, \BHzER, TCA Wk, HREA
- BERIEEA R, fRAER L EREHCEE T 5 2 &b
Mofz (K1), EfgikI bay FY 7ICB#ET %
DN, VX IXIMIFAWTICELDI IR
) 7 AR L T» B REMEAVRIZ X 7z,

zZ B

X X IR F A2 BIGEREE T LR, Bl
Day 1 #*5 Day 3 12417 Tid Vehicle & ik L TR
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DOBIENBEIN. O EhH, AoFx 2 3AE
BEMEEICB W TR 2B, $4bb Mtk
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TaTF — AENOFER, B Day 11 ¥ 7Y
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PiERAL 1, B LM~ N Y v 7 ARG 0%
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5 CYIZF % #ARKEE DR K 2N A #IHML TH
0, fitkAh A — FoOFEAL» RS . —HT,
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TR, —EORIETICH 2 IRESME TS
TREMEDSD 5.

& 512, Prothrombin (F2), Coagulation factor XII
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OEEE KT o¥MImE, 74 7)) YIRS L ORI
AL BIT BRI - RN~ M) v 7 AR ORE R
RS 5. SROHIRB X OB R O EILIZHI IS
HEIL, WhWwHEMAREE (immunothrombosis)
24 L O EAR O U A D R 5 R T O R & 53
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IS & > THRIEEA RO AMEAE STV 2
WAsd 5 7. X512, Glutathione peroxidase 3 (Gpx3)
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TR WAL X AL A ML A2 Ok A RS
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1 DR EALRMAE Fr A Of 2 8 UC, @Y R IBHEER
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fl# Day 1 Tld, Yv 27 XYM F2FMED
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LrIENHMLENTEY®, I bary Py 7RBOF
HATAAHRN IR T 5. SIS, P ERERICEREIC
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Analysis of Nitrosamine Drug Substance-Related Impurities (NDSRIs) Using Liquid

Chromatography Time-of-Flight Mass Spectrometry (LC-TOF/MS)

Tetsuya YONEDA, The Chemical Analysis Study Group in Toyama Pharmaceutical
Research Association

E:3 =

A7 Tix, HEEEDOAFIFIRENTVEZ ba Y 7 I VEIREBEAKY (NDSRIs) D4R
AEAT) THEOME 217572, © 2T, NDSRIs DA AT SN 5 8H O EHELEWIZOWT,
WA MY Y AR 6 EE, EOMSEREZ A7 < 75 7 RATREBBE & 045t (LC-
TOF/MS) THMTHZ L2k, g L7z NDSRIs # il 45 2 EATE Wikl 247 - 7-.
Wi %2470 72 THE T X TOEIFLEW A S, NDSRIs £ £ 2 5N5E— 7l s hrz. 512,
FSi3E e LTS Twsd = b e v biREE2 H o CRROME 21T - 7. ZokE, HNE -
P A EHOWZBEREFR LY T a %425 (RT) IZNDSRIs & # 2 55— 7 it
&N, MS/MS ARZ M H—F L7, 7 bEFEF U ORSBBRD OB E N, NDSRIs & %2 72
V— 2712200 TiE, L¥EEWRLZN-Zbay 7 b ESFEF V2 EEYEE LTIV THREL, 2o
E—B8N-= by 7 bEXFLF U THEHERE L AT, 2MT7 I v 2o B3 LEwH
5, NDSRIs 230§ B BELEDSH B D ERT 720D A7 ) —= v FHEE LT, EHTELDT
Ehwhb#Ez2 5.

Summary

We developed a method for confirming the formation of nitrosamine drug substance-related
impurities (NDSRIs), for which reference standards are often unavailable. The method involves
reacting active pharmaceutical ingredients that are expected to form NDSRIs with sodium nitrite,
followed by analyzing the reaction mixtures through liquid chromatography-time-of-flight mass
spectrometry (LC-TOF/MS). Peaks considered to be NDSRIs were detected in all seven active
pharmaceutical ingredients examined. To further validate the method, the same experiments were
performed using commercially available nitrosating reagents. Peaks presumed to be NDSRIs were
detected at the same retention time as those obtained with sodium nitrite, and their MS/MS
spectra were consistent, supporting the proposed assignments. In addition, the putative NDSRI
detected in the atomoxetine reaction solution was confirmed by comparison with chemically
synthesized N-nitrosoatomoxetine as a standard. These findings demonstrate that the proposed
method is a useful screening approach for determining whether NDSRIs can be generated from
active pharmaceutical ingredients containing secondary amines.

F—U—bF:=buv7 I VEEEMEEAKY, Wik < bS5 7 40 —RATH BV B AT, N- =
favy7 hEFEF
Key words : NDSRIs, LC-TOF/MS, N-nitroso atomoxetine
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#1125 T NDSRIs 1%, EEH#EYEIAAIEST 5 NDMA
RNDEAD LX) Z=truavy 7 I VHEHUEICKE M
HERoTWA,

Z 2 CAWZETlX, NDSRIs OEEASFH I N 5 8
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1. AR L OB SR

THE O ZEREIEY (Vv Y T F CHEERE,
TEXFHE Y, 7 MNEXLFUHERE SoxtkT s
WY, Is~xzuay, YVFF 7407 VRS,
TNy F vt MR &, RELR TSR 2 1
L7z Hifigle by oo (Fefk), BERR, BEMR NV
YA, X, BT AVAFDGHSEE A R L7
Wg, Yoruuxgy (FHh), LCMSHT7TE M= |
Vovid, BB bFEEAEMR L7z K&, MerckMillipore
O Milli-Q ¥ A 7 A CTHER L 72 Bk 2 fEH L 7-.
Mmoo = b v v L3, 3,3-Dimethyl-2-nitroso-
2,3dihydrobenzo[dlisothiazolel,1-Dioxide (ALK T.
¥ AL EEWEE L THERHLAEN- =
oy 7 MEFEF UL, VUMLK S AL A
L72bDTHY, '"HNMR KO HRMS 12 & Y f ke g
PIrbhTnb.

L& —7% :

'"H NMR(d6-DMSO, 400 MHz) 6 2.19~2.38(m, 5H),
6 301(s, 3H), ¢ 4.27(quin, 1H), & 4.36(quin, 1H),
6 537(dd, 1H), 6 6.66(d, 1H), ¢ 6.74(t, 1H), o
6.95(t, 1H), ¢ 7.11(d. 1H), ¢ 7.26(t, 1H), o 7.34(t,
2H), ¢ 741(d, 1H)

HRMS(ESI) m/z caled for CizH20N20, 285.1598(M+H)",
found 285.1447

W7 a~< 797 4 —5WrEld Nexera Bio (5
AR AERT), AT IR R A B 45 AT B IE maXis 1.
(Bruker #1) #ZNhENEH L7z, MS/MS A7 |k
VOREN Y 7 b, MetaboScape2024b (Bruker
) BMEH L7 pH A —% —1&, HM-30R R Hi 7 1 —
r—r =48 MR L7

2. FEBIE
2-1. WRE N v AW = b a v RS
ZRAEEK 10 mg 7Y, 10% HEERKER T 7213 25%
FEMRK B A 10 mL Nz, K¥Z=7€bh=FY LT
FMML, 15mL & L7z, TNOOBHICHMEST by
7 A (25eq AMAZ, BMT2URMBEHELL 2
NODORIBERZ 74V —A#L, 10 uLiEAL
LC-TOF/MS T4t L 7-.

2:2. IR0 yORLSEoOKE

IIRZ7B %10 mg =Y, pH 5 ORERE / FEER
F MU LR, pH 6 OFEEE / FERE S b ) v L5k
W, KEZFRZENMATI5mL & L7z pH5 RO pH
6 OFERE / FEfR - M) AW ISO VT, 05 M FERE
WL 05 M BEFRF MU v A A ERL L, pH X —
Z—% AT pHAS R6ICh b L) ICRELT.
INSOEWATHAEET M) 74 (25 eq) ZMMAE
RS ET, BT RMBEHELZ. IO OLE
WE74 V7 =281, 10 uL#EAL LC-TOF/MS T
ST L7z,

23, = bV tilEEZ Hwz= o VLS

Zit# (0.1 mmol), BXU'= ba v bz 27
mg (024 mmol, 12eq) &Y, ¥Y70ua A% 1mL
MAZ TR T2URBBIELALY. IO LE
WE74 V7 —=281L, 10 uL#EAL LC-TOF/MS T
ST L7,

2-4. LC-TOF/MS D 53Hr 41
<Wfkru=brs74—=>

A1 A @ Aquity UPLC BEH C18 (2.1 x 100 mm, 1.7
um), 7 AMEE 40 C, ¥iE 03 mL/min, A
w10 uL

75Ty MM

A:01% BB, B:01% W7 F= M ViE
8

0~05min (A:99%, B:1%), 05~6min (A :99
% B:1%—>A:1% B:99%), 6~7min (A:1
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WAHZENDHY, BAFTRID S BRIGEMFICED
BC, EEGOFIECAWICHEMEET MY 7 4% S
X7 FORIBER%E LC-TOF/MS TH#i§ 5
LIZ& D, NDSRIs ##i§ 5 2 & A5CT & WMt
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TRNT % 4T - 72, KIS A 5 NDSRIs © 71 bk~
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(3). JIVNYTFYORUSERE»S126245, T
EXFHEVORISERNSIE57%5, 7T hEXFEFV
OIS EED 51X 59 48, STt F v oS iERD
512484, 55K U58%, I IR T YDA
WAHIX364, 390 K414, YVTFFT74VD
BOS WA 5 1% 3.7 5, 48 3 K524, ¥ F vt
N ORIBEE D 1L 68 I — 7 BENFNEE &
n7. NaxtrFr, IgXxX/70r, YIVFFrT74)V
DORINER T, B%2bV 7Y arv 45 (RT)
W=7 2Sib S, B oY -7 P sz
IBEWIC2WTIE, E— 2723 EB & 7RTIC
NDSRIs ® 7 a k ¥ iAo K% E = UMCE < D
MS AXRZ P VDB EN TV, 2020, SElo
GRS TGS TE e h o 2= b a v b T4

% L 72 BB ORI D FEEEIC A + b L2 & T, &
RIZNDSRIs ® 71 b Ik oK% E & & W -
EOMHSNZREDEZONDL. 020, 4N
MIEENI2E— 7 $RTIZOVWT, Y 7 by
7 (MetaboScape2024b) = HWT, 757 A b
T v S HERE SN D HEE AT NDSRIs DR & —3§
Ah, T, BEEAAEWO MS/MS AX7 MLV HEE
2, NDSRIs @ ¥ — 7 235 S 5 SR E AT - 7.
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= eV EPHEENICEEr o 2720, = hay
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T, JVN)TF o EN75 7 X M F
vE—H LR bNS.
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R OMRZIT> 723 VFF+ 7 4 )V NDSRIs 1,
VIVFEFTANDIHT IV DOAFIUDEEL 7251
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YAk FORUSERICOWTIE, FT7YL Uk
DT T T A M A F Y (m/z 1550858, 159.0418)
A NDSRIs O L —F L7z (K9). ¥ FHutb
D MS/MS AXRZ MU BB UF 75 L AR
DTFTTAY MM F LI ENG o7,

10% HEER A MO8 25% WEER KB B S 272
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NDSRIs £ # 2 55 ¥ — 27 2 S,
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257.1648) M ENTWAE. EHIZTIFF AV M
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s I . NSRS NDSRIs NIER] = _
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I _ 55855~ ,
JNRYFFY | ClaN | 2641747 | C HpN0 | 293. 1648 P 165459181
TEFFEY | CHCIND | 314.1055 | CpHCIND; | 343.0956 NA 172866447
T hEFEFY | CHpNO | 2561696 | € HyN,0, | 285.1598 30??{24_ 169444758
e 2361294~
SRuaFwFy | PN, | 330.1500 | CH N0, | 359. 1402 aa 165599028
ST my | CoHuN0S | 397.1603 | CoHyN0,8 | 426. 1594 3Oéff?9_ 169432921
YAFFT 40| ColaNi0,S | 475.2122 | CoHuN0,S | 490. 1867 NA 513543447
, 6581
SFHAE b ColygFaN | 358.1778 | CpllyFaN,0 | 387. 1679 3023?21 169444600
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A c
name RT[min] m/z meas. M meas. ?mgﬁ I?ggg;{fﬁjd ml/(;amoe;gbé
N=ra [CoH7]+ 115. 0641
IR FF 6.15 293.16416 292, 15685 —0. 684 [CoHy+H]+H+ L17. 0698
— [CyoHal + 129, 0697
B "= e ina. L [CyHy—2H] + 111. 0698
e I*"-u-'“'- — ’I'\ i [CyeHg] + 153. 0696
(L) LAt [CiaHys2H] + 155. 0853
1 115 a2 [CiHql #H+ 178. 0776
i i :‘j : i LTROTH T :"::'“_I:d [Crait - H]+ L7094
T t"‘-\-.. ™y == |C Y [CiHiH]+ 190. 0775
:, A e [CisHir H]+ 191. 0854
LA 1 [C15H13*2H:|+ 203. 0853
o g o ' [CigHia)+ 205. 1005
mam [CisH15—2H] + 217. 1009
e | [CiHis-H]+ 218. 1087
L 4 o [CigHy7) + 233. 1323

T _‘h - .Ii‘." -_:I N ' Em— L:L N =

K4, /Y TF ORI BB SNNDSRIsE — 7 ORTA EHEEE (A)

MS/MSA~Z7 kv (B) , W& —H L7757 A A A (0)

A C
3 2 7 TG
hame RT[min] m/z meas. M meas. An/z Lot Boreila Ll s
[mDa] [C, HNO] + 193, 0519
F=lnry ) [, H,CINO] + 228, 0206
iy, P69 343.09727 342.08999  1.64 [0, BCTND] i 5300175
B3] e [C, HCINO+H] +i+ 244, 0394
" gy [CH,CIN,0] +H+ 245, 0472
b LA [CH, N, 0] +H+ 245. 1009
- [C HLIN,D]+H+ 257. 0471
[CyeH, CIN,0-H] + 269, 0472
- [C,H,CIN,0-2H] + 271. 0443
e [CoH (CIN,O]+ 312,0892
- _:L" 5 i W il

ar EA LA
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g WL b
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7 i1~ ] =l ] = -
B6. T B E L ORNERED BRI ENTNDSRIs B — 7 ORTER EHEEE (A

MS/MSA =% ~/L (B) , #EN—LT-7F 7 A A A (0)



C

name RT[min] m/z meas. M meas. Eimanij Ton Formula m/z meas.
gk [CHgN,0,-H]+ 115. 0538
7‘1‘[3&;;; 5.9 285.1501  284.15165 ~—0.659 Rk
- [C,HgN,0,] +H+ 117. 0694
Bl =& [C4HN,0,+H ] +H+ 118. 0651
| e [C,HN-H] + 146. 0958
=y 177 DS [CmeqN DJ"' 177 ].(}15
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IH 1]
!F- i . - [} = ] = L] |, .

B6, 7 FEXFET L OMIGERP B SNZNDSRIsE — 7 ORTE VEEE & (A)
MS/MSA~Z [ (B) , WEN—H L7777 A A2 (0)

A

C

name RT[min] m/z meas. M meas. [AmI")]S Lon Formula m/z meas.
=ty [CH;0,H]+ 147. 0440
Eoiih: . 5. 84 3569, 13978 358. 1325 —0. 383
T = e L [C,H, FN-H]+ 176. 0869
B = Tomms [, HyFN ]+ 177. 0945
() = [C HUFNI+H: 1921182
: o
m 1T 048
'y 14T LS L
B 0
ol
e B R |
st '“I"" | w1 _d |
e 'IEl_ B B NEE T B T '.=L =il

7. /"B XEF o ONREDPBEL ENNDSRIsE— 7 ORTA UHEEZ (A)
MS/MSARZ b (B) , EN—BLI7F 7 A LA (0)



A C

name RT[min] m/z meas. M meas. [Amg/j Lon Formula m/z meas.
N=br Y-NFFR - [CyH N0, +H+ 312. 1574
R AT 5.15  490. 18618 489. 1789 —0.537 [l N.0.S] it A6 198
B -:l'l = B0 HTE
| A s
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[ BEH
L EEFRLAT]
| A
| |_jj'.‘.,J'1.,
(E ] [H
i
l:" : 4 lr|u-l. o H-r_- e ::.“

K8, Y NT 7 4 NDRISEED L S 7=NDSRIsE— 27 ORTR UNEEERE (4)
MS/MSA~Z kv (B) , #&EN K LT=T7 77 A2 FA A2 (0)

A C

name RT[min] m/z meas. M meas. ?mgij Ion Formula m/z meas.
M=hB7 e 26 387.16815 38616126 0,281 LCyatl 1+ Lo, SRt
coads i s ol i i ' [CHFo]+ 159. 0418
B =
N L
Lo - b
: -~ 5
ul._-. j.|I ] | ID'..'-'-I

X9, I FHHNE NOGER BB S 7-NDSRIsE— 7 ORTR UHEBEE (A)
MS/MSZ~Z kb B) , BEFN—HR L7754 A4 F4(0)



Ko s s

[M+H]* muz 2571648

K10, T TFX7 1 ORINEE) BRI S oo
e pfegpo T a o IMEOREEGE (IMHH] + n/z 257. 1648)
ZRhH U7EMS AR b v, A m/z 257. 1648MDMS/MSA <7 | /L

Infans,

x10t7 pHS

0 2 A & & Time [min]

K1l T2 v ONDSRIsO T 1 b AHIMEDREHE
= ([MHH]+ m/z 426. 1594) Z i L7=MS A~ 7 kL
F : pHEOFEER/EEER T b U w7 AEEfTIE THAfE, | : pHED
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A C

name RT[min] m/z meas. M meas. ﬁmgi‘]é Ton Formula m/z meas.

A= o [C,H,N] +H+ 106. 0651
Y=PRY o 14 42615877 42515149 -0.667 T

St A = R [CHNS]+ 113.0167

T —— [C HN,S+H] +H+ 115.0323

E; and | i-:j,_ o R LLs

b i b CF _ B [CgHN] +H+ 120. 0805

x o —~A_1 L] [CHN,S+2H] +H+ 128. 0493

- ol [C4HgNO~2H] + 133. 0520

TSP D [CoHN,05]+ 141. 0114

- e [CGHNO-H]+ 146. 0597

_— [CygH, N0+ 175. 0862

Al o [Cy, NS-2H]+ 242. 0738

~ [0y, N,08] +H+ 247. 0768

I'J B i i [C,H,N,0S]+ 260. 0845

= I.l'Ii- ] - - Illln == % = [013H14N5027H]+ &l 1095

[CH NOST+H+ 289. 1111
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Analysis of DNA Reactive (Mutagenic) Impurities in Pharmaceuticals by Gas

Chromatography- Mass Spectrometry

Nobuyuki TAKAYAMA,
The Chemical Analysis Study Group in Toyama Pharmaceutical Research Association
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FEHMISE TNV ANZ AT B AMPOEBIIOWTIE,  HRIREE S wh B A AR B 25 <
BRI S 72 M7 A4 B4 ¥ [ERFEDS A A 7 28T % 720 O BEEE i DNA UG
P CERIEE) K ORHEGK OE R | 28T B0 B, BRI O REEAKIY) 1340
THETHY, WEREI B ng/mLBEELLRZIEHL V. TOL) LR E 5T 5%
&, BRIEEAROCEEDNE 2 VS 2 e TH L. HESHEHIRE~ b v 7 20E#
BRZIRT WD, BRI TEZMET ZLENDH L. AT, FRAZ7u VT 7 14—
- WEBMERESHE (GCMS) W, E3iamdh DNA UG (EREN) AR oflEils
J B0 M I EOREZINS.

Summary

Pharmaceutical products must comply with the internationally harmonized International Council

for Harmonisation M7 guideline, Assessment and Control of DNA Reactive (Mutagenic) Impurities in
Pharmaceuticals to Limit Potential Carcinogenic Risk, which provides recommendations for the
assessment and control of potentially carcinogenic impurities in pharmaceuticals. Because
mutagenic impurities are typically present at extremely low concentrations, often in the low ng/
mL range, highly sensitive analytical techniques are required for their detection and
quantification. Mass spectrometry is well suited for this purpose because of its high sensitivity.
However, mass spectrometers are susceptible to the effects of the sample matrix, and it is thus
necessary to establish an appropriate analytical method. In this study, we develop an analytical
method for analyzing DNA-reactive (mutagenic) impurities in pharmaceuticals using gas
chromatography-quadrupole mass spectrometry.

F—7— K : DNA JUtPE (ZEREMWE) AfiY, ANVEFCYBIAFVRILEW, TAZzax 75
7 4 — — U E AR RS AT

Key words : DNA reactive (mutagenic) impurities, sulfonic ester compounds, gas chromatography-
quadrupole mass spectrometry

1

HBAMEHT DA OFIIZOWTIE, HKREK
P 8 i B 3R AT EI B 258 (International Council for
Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use : ICH) T REB#IZ
TRMENTZMT A FI54 v [BIEWEBAY A7 %
IR T % 720 DR N T DNA BOotE (ZBEES) &
MW O RN S OVE B \CHERT U H D V. A
MOFRERIIE]L TRTEHIEHNAS FIAL U TEDD
NTBYH, BEHMICE > CTHAEIERIES N
b, —FHMRFAETEIEGHMA 10 EE L7
WA T, A OARMWIZ1S ng/day LFTH Y, &

il

BT S5 ug/day T EZoTw5b. 01 g DEHRENZ
104EPLE, 1H 1G53 L2 RET S E, K
i HHZFFER SN DA OREEIE ~ 056, 15 g/
gl FTHY, #mTIE, 50 ug/gbTrehsb. F77,
COEHEM 01 g 225 A% % 10 mL OB BT L
el 5L, AEHART O 4 DAY OFFE I
15 ug/g x 01 g = 10 mL = 0.15 pg/mL (150 ng/
mL) & %%, REEICX > TREOHIE A RE)
RIZEb->TL DA, Biang/mL L~V E
PEREIND., 20720, MINEEOEVERSIET
(MS) ZE#ifkr o~ 7574 — (HPLC) H L



W@ HAZ7u<x b7 574 — (GC) ZH L 72
HPLC-MS % GC-MS 2"FIH &N 5 2 &% w2, L
PLBHAS, MSHIEERAE~ M) v 7 20 8%
ZUFRT WD, IEMLERGERENGL-01IE, #
Y2\ F— g VLB TH 5.

2Nk Y BIIEEGHOFEOGR BT, HEE
BT ARAF L E LTRSS HOONED, FHESKD
BISUS R TH B ANE VBT AT VRILEWIL,
BWAEELET S, DL, 5VOHLAMPTDH
. BIMEEDHRETH L7 20V VX, 74
OV ERVEV AN VEPKIG L TEEINS
TAOQIVUEUNYIVEBEEZFREL LTWD. Z0D7k
B, REFEGOUEHBETHEHINLIXRX XY 2V F
VEEDFRE TV a—VERIE LT, NVE VALK

BT AT VRILEWE AT A2 WHENELDH S (K 1).
NYE Y ANVK VBT AT IVREEW DG, Ny
FAR=ZFAr7ua~x 757 14— (HSGC) I2&5
WMENRZEINTWS 9 HS-GC TRAE A 7 v
DEAMES DA% LEEIZEAT Z720, RGP
T DR DWERZITIZ wE Vs 2R ED D
505, ZALRIE BN S5 720, FLEZ T VlE
RO FERCSLEE D RS TIE,
GC-MS #Hw, W1 TRENLT7TL2UIYE VEEFD
BRIEWAKY (RVEVANVKVBAFIV, Ro¥
VANWEKVEEIFIV, PVIZUANKUVEBEAFI, b
VIV ANVKYBIFIV) e gmins e L, Figk
BRI 2 LB L L Wit IO W THRE 217>
2728, HwiET 5.

# 1. DNA RSt (EEEM) FHMOHAE
e 581 17 A# 1
e = " 1 HLLE . . 10 448
AR ERE 1 LT 10 FELLF
fEl % (ng/day) 120 20 10 1.5
& (ng/day) 120 60 30 5
(:\i; ojH‘ 4 c\\,,\/"” ; - A
HiCe. el AN " X v B
D»q.c/i/l\r«ﬁg\/\w: ©/
7LAaTEY RuBU AR FTLOCED R VERIE
Bl ER
FILa—ILERG
| BOTH, TCI.CH iZH
| 2 I-'J": -
l L*'-“q-"' o e
@A) "
o2 Vi g
e e e
DNA RIS (ZEERE M) Al
X 1. DNA R (ZEREY) THHOERH

]

1 HE

AR DO FRABLUCH VARV BV AR VAT
W, RVEVANVEKVBIFIILV, My AVEVE
AFNV, MVIZYANVKYBIFIVIE, ERAbE T 3%
FOBEALZ il R0, BEEEEOMBIHEH TS
ANFY 2 BER) X, BT A OV ARDEMESE X D A

i

L7z, #BHizkix Milli-Q Direct 8 (X )V27, ¥ A a
Zy b, FAY) IZXD#EEL.

2 RE

GC-MS 1%, GCMS-QP2010 SE (B E8yEir, 5i#R)
ML, A5 21% HP-Ims (5 30 m, N 025

52 —



mm, FEE 025 um, Agilent) ZfiH L7z, HWZEE®

717 A OWEL, FREOFHL T TS T AGRMCEE L

7z.

Step 1, 70C T2 min A=V ¥

Step 2, 15.0C /min ®#|E T 340C F CTH-I

Step 3, 340C T 3min A— IV F
FOMDHIIFITBI B 8T 2 —F — 133K 2 125K

L7z, RATMOWSTHAHKES: m/z =18, &
m/z = 28, “MbRE: m/z = 4 PR E v X
IS, AF X VOHPE, m/z = 50-220 & FE L7
BN 7T, BEEEOZEHA I A 15 mL,
ToFETANA/ VAT Y LR LT @l
SrEERRIE, BN RO KA-1000 (PR 345
BT, B0 EMEA L7

#2. HAERFICHITS GC-MS DNFAXA—2—

REHH A M
ABHEA & 1 uL
HEAET—F A7Y v FLA
SAbEIR 280°C

gy 0P ]
7T AR 2.4 mL/min
R 56.8 cm/sec
IN—=THE 3.0 mL/min
27w b 30.0
A F PRI EE 260°C
AV H—T 2 —ARE 260°C
PRI TA H RE ] 1.5 min

F AR HWEE—FR Ax
TITE 0 BA AR ] 1.5 min
T E D& T IR 23 min
MEEEEML (n/z) 50-220

3 FREAROFAH

AETHW T 20V VEEIZEREN02 g TH
D, 1THIZL ORG-S BATH L. 501
WI0FEMEE R LI L E2FIHE T HE, 4 DAH
MOFREIT 1§40, 75 ug/e, #ETIE 25 ug/
glh. ZOWA1H (02 g) »OAHMPE 10 mL
DONFH I THI T ERET S E, BB RTO
il % OAFEW OFHFERIZ TS5 ug/g X 02 g + 10 mL
=015 ug/mL (150 ng/mL) &7V, FEBEICHEEIZD
WCEET S L, 05 ug/mL (500 ng/mL) &% 5. &K
MIETEAFDTHER VB L ANEK VAT IV, N
VEVANK VBTV, MVIZVANKVEEXF
V, FVI VAR VBT IVOEENZFNEN 150
ng/mL & 735 X ) IIAFY ¥ THM - HPIERIEE 1T
W, B A LU T, MR ORI
1%, 60% (90 ng/mL), 80% (120 ng/mL), 100% (150
ng/mL), 120% (180 ng/mL), 140% (210 ng/mL)

ERB I

4 HEBER, FMENGBRAREEROFAR
TAuIYE gL @BMAKA3ImL, ANFH U5
mL % 10 mL #BE Mz, A ¥ —F—T 3045,
B EIT- 7 B OS8R 52, 3000
rpm) 2 X D 3EEEATV, ANFH UAE 1 mLERILL
Mo 10 mL REAE 2. T OBHICAF Y 1 mL
A, REHAW L T 4. TR SORHA TR
X, RVEVAVKVYBAFIN, RyEYAVEVE
IFI), MVIZVANVKYEEAFIV, MLV ALK
VBRI FOVORENZENZEN 100 ug/mL DORAEHR
ERBEIHITRABL, w4 27ua ) U2k 0015
mLAZ7 20T YEISHRIML. EOHROEIER,
AR OB L FARICAT S . A DGR BURHA T O
A OREIEEX, 150 ng/mL & 7% 5.



w R
1 EBERROM—2INAFHLdyOTRNIS
L (TIC) IC kB2

BIRA A E=FY 7 (SIM) W@ THYZ m/z
RRET B0, Ax v yE— FTHERZITV, b—
yVAF ALY hru~xbFIA (TIC) KUY, =
AANRYT MVERISE L7, EEREZHNE LB
TIC K 21ZRF. NXYEVANK I BAF IV (PRFE
HEf] 863 min), NV ¥ ¥ AR VYEBEIF IV (FRHHR

[l 924 min), FIVI Y AWK VX F IV (FRHERERR
977 min), PNV I Y A VKR Y BEIF IV ({5
1032 min) MU TETEY, TNENOHEEE L,
NVEBVANKUVBAFIVERY B ANVE LT
VTI15, RVEVAVKIVBIZFVE MLV YA
RUVEBAFIVTI2, MVIZVANVKEVEBBAFIVE
VIZVANVNKVYBBILFIVTISTHo72. AF ¥~
E— FCHUH L2 S RFFRERIC BT 5 XA AT bV
X 3ITRT.

BEBRBOTIC
100000
80000
. T
3
£ 2 4
40000
il i A _ l
20000 T P S n
0
6 7 8 9 10 11 12
min

H2 FEARDTIC, 1. XVEVRIVKRVEXFIV, 2. NVEAIKRVBIFI,
3. BLZVRIVKRVEEXFIV, 4. NIV RAIVKRVEBEIFIV
[ 'I|1‘
A |5
1o FLD w8 o o | | i g i i el 26
i ] - L] - [ an i [ - - ik 3 - n b [
B : IE 4}
-3 -h . & e
1 T I Hei 1 T . Uk |: I I E3 (K} 1 il =
C [ :
= . TR 155 | BE i
13 wmglfl.. 9 g L VO S L T T N
- )
D |
o = I
1 1 : 218
oy [1], oo w T ] of ow®l ?
a [] [ = [] i "] 1 i i [ [ 1] 1 - [ 1 ]

B3 &E—ITOYRAARY M, A XVEVRIKRVEAFIL (REHR 8.63 min),
B. NUEYANKVBIFIL (RISHRI 9.25 min), C. MLIVRLKVEAFIL (RI5HERI 9.77 min),
D. MLIYZNAVBIFIL (REH5R 10.32 min)



M3DARFB»SS05LH12, XVEY AN
KRUBAFINVERVEZANVK VB FIVIE, m/z =
77 TlRRDBENE P72, T, NV B YO
WCHETS2m/zThrheEzoNsb. T2, K30
CEUDIBWTMVIZVANLVKVEEAFVE MV
IVANVKVBEIFIVIZ, m/z = 91 TROLUBENE
otz T, MV roEICHFKT S, m/z T
hbrLEZONL. TICHETIE, AF¥vrTHIES
NIAF TV HETRLBELTWS D, /A XL b
A FHEDTVEL. Fold, gERETiE, e
D m/z 72T & iE L TR 5 SIM Il O 5 A3HS B
DOEVREBRGETH A, SIMBFZEICBNT, RVEY

A

14000

m/z=77

1

12000

10000

8000

[\

6000

4000 | : —

2000 t ‘

X 4.

ANVEKVEEAFVERYE L ANVE BT VO
WCIXEEHEMIEE m/z =77, PV Y ANVEK VR
AFNE ML Y ANKRVBIFVOKBICITE R
BT Z m/z = 91 I L, BEEEEZME L T,
Bohlru~ b7 2% X412RF. SIMllET
X, N2 TSR A4 IR L, MEHRO
¥— 7 OANPIFRITHMHTE 5720, TIC L HART
DX =T RY— I RPRTHIENTE LoTHR
WIETIE, RVEBUVANVKRVBEAFNVEXRVEL A
RAUVBIFNVIEIm/z=T7, PVIZYANVKYERXF
LWERMVIUVANKYBIZFVIEm/z = 91 & #HE
L, SIMIZ& DHlEZE T 7.

B m/z=91

14000

| |
12000 : -
3

10000

8000

6000

4000

2000 | - i — | -

€ 7 8 9 10 1 12

min

BREBBRDSIM, A.m/z=T71, B.m/z=91, 1. XEVAINKVEXFI, 2. XERIVKRVBEIFIV,

3. MVIVRIKRVEEXFI, 4 MVIVZAIKRVBRIFIV

2 RER HHTREOFHE

AW THIE 247 ) IS B W CTHo Rl E R
H LTV, MEREERT 52 L TRl L 7-.
e f AR A, [ 928 3R HE v o R
DEFOEY, 5EE L. HilhE e, Had v —
ZHWifEE LCT7ay bL, EHEAUC X D Bkt 1
L7z (K5). §XTOARMMBESTITBNT, B
M, FSAHEEZE D, PoEfRERt 0996 Ll kL ko
72, £ o, RWIFETHEZRAT ) REBICBW T4
GHEBEZAELTVWL I ER0h o7,

AP EDRERSMTBWT, WEHEAICBI) 5
HAEMERT 5720, PHATHEZ RN L7z, BN
(B ARHY G DORENZNZN 150 ng/mL) % 6
e L 7-B o ¥ — 2 THifs, P39l FBREEEZAE, AR
e 7S % R 3ASTERR L 72, MR HE (R AT o B v
ANVK VATV 1085, RyE Y ANVKVEBLF IV
2098, MIVIYANVKVEEAFIV1230, LIV A
WARVEBELFVI975 L), BEMESRGTHL S
END, RUBIZBU L READEIEICB T,
DN Do 72,

3 B, AmENGEGERRFEAOAE

[RRHAR, NN EER H R O F | D IH
HCeMm# L8 BEizs SIMICXofllEL7z 7
< NI LD A IR L7 2 A, BRSO
V— 7 2R TAIENTE (M6). ThHD
Y — 7 MifgiE, X5 OMEMOBRERPEANCH - 7272
W, AMFICE D EEFHLZL A, RVEV ALK
VEEAF VA LS ng/mL, NXYE¥ Y ANK VBTV
2516 ng/mL, PV Y ANVKVEERAFIVA14 ng/
mL, MVIZYRANVEVEELFIVA1] ng/mL TH -
7z, WEREREAFT V10 mLHORETHL L
N, gERlh (BAER 02 ¢ ICHEELTVWAEAN
MW OEEIX, FNFR, 75ng/g, 80 ng/g, 70 ng/
g, 55 ng/g THY, %X 280 ng/g Tho7z. AW
JECHWZ2 T 20V E VEIZBIT A0 4 OAMY OE
PEFARRIT 75 ug/g, REOBIEFFAREIL25 ug/g
THHI NS, AHMMEIHELRETTHEZ L
NG Ip o 7z,
EMENPGREH SRHA R O EZ T 2B 7 o~
NI AR TR, SRR OV I GAER H
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5. BINHYOBRER, "VEZANRVBAFINRORNVEYANKFVBIFI (BEERHLLE m/z=T7 ICRRELTREFELE
E—JmE#|), MVIVRAWKVEXFIROMIVANEVBEIFIV (BEEHLE m/z =91 ICREL TRELEE—VER)

&3 BTHMICHETDHITHREDRSER

v — 2 i e | TR
X e
NSy HEfR 22
1 2 3 4 5 6 iz
(%)
N AR
L 19235 | 19187 | 18964 | 18885 | 18852 | 18699 | 18970 | 206 1.085
R ATV
N AV I
11830 | 11525 | 11364 | 11221 | 11299 | 11194 | 11406 | 239 2.098
NG = %
ML Z LR
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7. AMENEBRRAFREAROI/OYNISL, A.m/z=T1, B.m/z=91, 1. X>EVRIVKRVEXFI, 2. X
EUANWKRBIFIV, 3. MVIVAWKRVEXFIV, 4. BIVIV AWK BRIFIV

4 TEETREOHEE

mEEHIIBWT, MiRBRIEHEE LFREXD D
OREIR TOEMBMHEIRO L 2 Lh b, Rkl
BB ERETREOHEELIT- 72, SAMBHZ
NEN10-40 ng/mL & 7% % X H \TIEHERHEZ AL,

ZE—2 DTN I 4 X (S/NK) 2EB LA
LA, FAnftit ol S/NHICE B ERE TR
i, R0 EE X R TED, ERMP O S/N
WASF_RT10 P EE 57201, 30 ng/mL DL EOR
THho7z.

x4, BTHHMO S/NEE

NV ANL | RoBU AL | ML A | R AL

RUBBAFIL | RUoBFIL | RUBAFIL | Ao FIL
HUFTORE 4.7 23 4.1 22
FEHEPRUR 10 ng/mL 6.0 6.8 4.8 33
FEHEVAK 20 ng/mL 13 13 8.0 6.9
FEHEPRIR 30 ng/mL 17 17 14 13
FEHERRR 40 ng/mL 25 21 17 16

B DOPEENZNZF1 3070 ng/mL & 7 5 X
IIEEHEA W AL, BERE R L2 s, &
ERBIINR B ZANVKVBAF V0997, RU¥ ¥
ANWVEVBEIFIV0992, PV Y A)EKVEERATF IV
0984, PNV Y ANKYEERIFIV09I66 &%l [FE
BT AR, s el R ER BRI o T
B OHEHEFEFRIZ, HAMY O RAEFEEDT X T 50
ng/mL (KREHFNZB 5 LMW LIRED 1/3 O
BE) &7 5 X5 ZamilGRE R 2 R L 72, 0
AR 2 EHR L2 2 A, RUEB Y ANVK VAT
VAS94%, N ¥ U AIVKR VB F VA 102%, b

IV AR VR FIVDI97%,
FNH3106% & 7% - 7z

MUVZ Y 2R VR

zZ B

AWFFECH#A L 723 E S X 0, AR TH
DRV ANKUVBAFIV, RV ANVEA VBT
FIN, MVIZVANVEKYEEAFINV, PV VAR
BIFNVIZBNT, T0%oMELRLTBY, A
ERMIZEoThHrcEr 2 eail L. 72,
TIC DPETHELNTRAANRY MVEFTALTTYD



Ty KT R E, kb FROFWELEmE LT
R G DA DA R E LTRON-Z &
"o, AT ALEMDEYTH L Z LD ghoTz. N
VEUVANEKUVBAFNVERYE Y ANEK VBTV
X, RVEUYoEERRTH DL m/z =77, MLV
ANVKEVEBAFIVE PV ANKE VBB VL, b
VI Y OREHRKRTH S m/z = 91 % SIM #llE 12V
LEREBEMILEBRETHIET, Yy—ThE—7%
BHILENTEL EARMBE S ORENENEN
90-210 ng/mL £ 75 X ) ICHB L, MEMREEKL
72 Zh, TRTOAMPIEIT BT, MEHITE
MAEAZEY), REREA09% LR TED,
ABAHNHE LREBICAMBD2AEE S TG
W, T RilEREEEAE L TCWD I L grorz. BE
BRIV T, HEEFELEIZER, XU ¥
VAWK VAT NVH1.085%, NV Y AIEK U
IF A 2008%, MLV AIF VEEXF IV 1.230%,
MV Y ANVEYBEBIFIVII75% &0, BIFLHE
HWEZRTIedbhos, #ELLTTLUIE Y
xR, Mo FEEZEL/LZA, 77U~
NI ALETRNERE—=PITE 2. #AIPOAR
MOY =713, £A4DOKR LY, S/N A 10 kil
Tho7l b, EEREREZFENIENTER
o lz7z, MEMOIMFIC I D EEZ I L7z 85
MOEEICIRET L E, XU Y ANKRVEEXTF IV
75 ng/g, NYE UV ANWVEKVEBEIZF VA 80 ng/g, b
WLV ANWVEKVEEAFIVAT70 ng/g, PIVIT Y ALK
VBT FIVAI55 ng/g THhorz. Tk, BAIF O
HLEREZIZLZPICTRAHERTH 72 BnmEIGE
BZBWTIX, RUVEBVAIVEKVEERXF VD 81%, N
YE VAWK VBT F VA 93%, FIVIZ Y ANVEK VR
AFNVH95% &), B EAEZHLIENTE
7z, S50, A ORFE LREE XD, AR
BB ML, REBREMIC X 28R TRED
WEZIT-o72L 25, JZAMPWOWRED 30 ng/mL L
LOEEIL, TRTAMBIO S/N A0 ko
72728, 30-70 ng/mL D EEHIPH CTREARB X O
I GRER 2 S0t L 72 MeER o Jue %0, [HR 2
wik, PHTHE RG] OMGEHRFRE IR L T, DT
PR T 9 2 A AHERE S L7228, AT AE RO
1/3 OFEETHER L 72@mblGRER DR R TIE, BRI
BN Z /R L7z, HS-GC-MS &, EEGPICHELET
B RHE S DB AT A HWTHRHAZI LTS >
O L2L%d»s, HS-GC-MS D4 — 4> 75 —T
X, F2B0CETLLFRTELRWT 2% L, Kk
MTHRALTE 2 &) IG5 ORFEMA LA L E
TH o7z, AWZETIEHS-GC-MS Tl <, #AFD

BEHEARO GC-MS T, R X DUELY %
FaZ R, MO GHTBITRTH-72. Th
&, B E K CHEIR S A B TR 2 4T o 2B
2, BESEG T ORME S O KER DS, AR R
ENGhollzdThHblEZOLNDL. AMETIE, 1
HICHH) 1 $e2 4% 535 2 L 2 IE L THEEZ 175 72
A, 1 HICHEESEI G- SN EEMGOLA, 15Ed72
D OARMPOFERIL, RRFHNELY LR
%. 20728, GC-MS ~NOREHEA RO IR, A7
U ML AFEAORE 21TV, X D ARRE T = FRRE
NEETEDGN G AL T H I L HPEETH 5.

X #

1) ICH-M7 : Assessment and control of DNA
reactive (mutagenic) impurities in
pharmaceuticals to limit potential carcinogenic
risk, ICH harmonised guideline, (2023)

2) Maziarz, M., Wrona, M.: Coupling Mass Detection
with UV to Improve Method Sensitivity for
Esters of Benzenesulfonic Acid in Analysis of
Genotoxic Impurities, Waters application note,
7200056800EN, 1-10, (2016)

3) Liu, D. Q. Sun, M., Kord, A. S: Recent advances
in trace analysis of pharmaceutical genotoxic
impurities, J. Pharm. Biomed. Anal., 51(5), 999-
1014, (2010)

4) Guo, T, Shi, Y. Zheng, L., Feng, F., Zheng, F., Liuy,
W.: Rapid and simultaneous determination of
sulfonate ester genotoxic impurities in drug
substance by liquid chromatography coupled to
tandem mass spectrometry: comparison of
different ionization modes, J. Chromatogr. A.,
1355, 73-79, (2014)

5) /ANTEK, BRIEPE, K B3N H DNA RS
P (ZBREN) Ao s, fbatit s ¥ —
HfrIL#Hgs (SCAS NEWS) |, 42(2),11-14, (2015)

6 ) Handique, D., Suryawanshi, N, Yeong, C., Lahey,
C. Rane, S, Bhandarkar, D., Lohar, A., Jie-san, G.,
Qiang, L., Jun, F., Taochong, H., Lipeng, S,
Nagata, J.. Analysis of Pharmaceuticals’ Impurity
- Regulations and Analysis for Carcinogenic
Substances -, SHIMADZU Application Note, 62,
1-12, (2020)



BEHAAX

BAZEBAF I VOEEEICHITE L- FAOIWEVEOREIZDWT
KH il

Effect of 1L-Ascorbic Acid on the Assay of Oriental Bezoar in the Japanese
Pharmacopoeia

Tetsuya YONEDA
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AARERFIFTOERETEY) NV E Y ERa2lET A, MBEHARIC - TAINVE VB2
AHBEVINE YO — VMBI REL LA EPFERSIN. VIV YO — 7 HiRIKRE L
LAHEKD, CVIWVE L ORMLIZH S EEZRTEITo72. ZOMRE, .- TAINVE VRRIZIE, ©

YVE Y DRMALZIMR DRRD D B 2 LD o 7.

L L&ds, EYLE ryosfbs o7

ZANVEVBORMIEI D EY LV E YO — 7 HBEIKREL 2B LIZOWTIE, BEMEIED S
Nhdpolz, 72, CUNLVEVBHRIZOWTH .- T ATV VEEZINZ S L, EHER & FfCY
JVEYOE—=ZHEPREL 2D 2 EDPMERINTD, ZOERIZOVWTIE, SO TiEH
LMICT AT EIETELRD o7 WIS, - TAINVE VB MAZTHEY LY oY — 7 HifEr 21t
LW RGN WG L2, BRI EEE RO A2 LIZTE R 572 L-TAINE
VEEORDLY Y, E— s ERICHEEESATICE) VE Y ORELEHRET ALEMS v
W27 O BENDHLEEZD.

Summary

In the analysis of bilirubin content using the assay for Oriental Bezoar described in the
Japanese Pharmacopoeia, it was observed that adding r-ascorbic acid to the sample solution
increased the peak area of bilirubin. This study investigates the hypothesis that the increase in
the bilirubin peak area is due to bilirubin isomerization. It was found that r-ascorbic acid
suppresses bilirubin isomerization. However, no correlation was found between bilirubin
isomerization and the increase in bilirubin peak area observed upon the addition of L-ascorbic acid.
Furthermore, it was confirmed that adding r-ascorbic acid to a bilirubin solution increased the
peak area of bilirubin; however, the underlying mechanism responsible for this increase could not
be elucidated. Next, it was examined whether there were any analytical conditions under which
the peak area of bilirubin remained unchanged after adding r-ascorbic acid; however, no suitable
conditions were identified. Further investigation is required to identify alternative compounds that
can maintain bilirubin stability without affecting the bilirubin peak area, thereby enabling accurate
determination of bilirubin content in the presence of stabilizing agents.

F—O—K:HARER), T4, CONVEy, BEL, -7 AINE VR
Key words : the Japanese Pharmacopoeia, Oriental Bezoar, bilirubin, isomerization, vr-ascorbic
acid
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VEREIMATWA2S, WEHAIRIZIE, - T AT e Y
BaEmzTwiwvy, 22T, RPBEHE~OL- 722
VY VERIRINAS, CYLVE YO —FikER EICh 2
LEBIIOWTHELT.
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1. AR OB

YL E Y (BKER 980+ % HPLC), -7 A3
Ve e B, BERR (R, X (LC/MS H)
X, LA VAR A L. O xF0
ANVEFYF k), HPLC i 2 ¥ / —)v, HPLC H
T b= bUIE, BBALEE R AR L2 K,
Merck Millipore #:# o Milli-Q ¥ A 7 & THEH L 728
HAKEMH L7,

SMTEEE X, ACQUITY UPLC H-Class PLUS ¥ &
75 (Waters #L#) ZfEH L7z, k7o~ o3
74 —OBHEE, 7+ M AF—FT7 LA (PDA)
HW.

75 L%, WY — 48 TSKgel ODS-80Ts (4.6 X
150 mm, 5 ym), Waters 1% XBridge BEH C18 (4.6
x 150 mm, 5 ym), 7 A4 T A ¥ 4 3 YMC-Pack
ODS-A (46 x 150 mm, 5 ym), T4 T & ¥ A 8L
YMC Triart C18 (4.6 x 150 mm, 5 yum) #ZfHH L 7.

2. FEEMA
HRR#EGmTAY (F—2 7 T, &, i
7T - IRk A) BV

3. FEBE
31, RENAR R T ) LY U O RELE

HEE (- 7 AIVE VEREE) ¢ IF T OB KRR 2
mg ZFERIZEY, YAFNVANKFY R FERREK
(9:1) 2mL ZMAT60 T T 2045 MhiEL 72,
TVAFNVANKF Y FRERRE (9:1) 2z Tk
10 mL & L7z, o5 mL#IEMICED, B
A ZMACIERMICS0 mLE L2, AV T35
TANY —TCRFBEREHSHE L7 AR 10 ul %
EgCEY, ihkza~<x b9 74 —ICXVHEZR
-7,

AREE (- 7T AIVE VERE) 1 TF T DK 2
mg ZFEEHIZRD, - T AINE VBRI T70 mg ZMA
T2th, YAFNVANVEFF YN BERRER 9:1) 2
mL ZNZ T60 CT20 75k L7z% YAFLA
VARF YR BERERWE (9:1) %A TIEMIZ 10 mL
L7 ZoOW5 mL 2 IEMICED, BEMWHZ MR T
EREZS0 mL & L7z, AV TS50 74 NVF—TRk

B az s L7 SABHEW 10 uL ZIEMEIZE D
WhZ7u= o974 —=I1I2X D ERIT 72

PYLVEVE (W7 AI)VE V) vy e
YH10 mg ZREICED, YAFNVANVEFT NS
FEMRIRWE (9:1) Z&mh L, 1IEMEIZ100 mL & L 7.
COW 5 mL ZIEMEICE ), BE)MHZ N2 TIEMEC 50
mL & L7z, EYIVE VERI0 ul ZIEMICE D,
Roru< b7 74 —=12XDIEEITo 7.

PIYLVE VK (L-7Aa VY VEER) : Y e
YHII0 mg MEIZED, -7 ATV E VERF 350
mg Mz 7% YAFNVANKF YN EERRERR
(9:1) @A L, IEMICI00 mL & L7z, 205
mL ZIEfEICE D, BEHZ N TIEMEIC 50 mL & L
7. BYVE VB 10 WL # BRI E Y, ik o
~ b ST T7 4 =ICXDVHEZITS T

32. Witk a< s 75 7 4 —hr &t

<HR I+ 7O5W&EEY >

Methed s 74 A F—=F7 L4 (UEHEE : 200~
700 nm)

AT 5 HNFEL6 mm, EE15ecmDAT v L AKIC
5um OWHhRIrax N7 74 —HAr 75TV
ML) BTV ERIET L.

# 7 K 30 CTHHE O —E i

RENHH © WER A 100 fE AR L 72 e 7 b= MY v
119 OEEGTRMLUFRL 72,

TiE  0.87 mL/min(E ) )V ¥ » ORFERERI AR 10 43)

<EYNE Y OBRMARI G EET B S Y >
Metes: 74 AT —F7 LA (HEHEE 200~
700 nm)

ATHHNEL mm, EEX15ecm DAT v LA
5um DK ax NI T4 —HA IS TN
WL ) ANV ERIET L.

# 7 K 30 CTHHE O —E i

BEIMH : FERZ S0 AM LB Exy /) — V%
1:9OHEETRMLUFARL 72,

i 0 1 mL/min (€9 VY O A% 18 25)
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Mztro7z (). TORE, -7 AINVE VEEZN
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Lol=llhb, -TAINE VEBEMAZTWARWVR
FHA T, CUNVE YRR TW D DTk R v
YFE izl FIT, - TAINE YEBOFEDREA
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CORBHER SR (20 T) T2 ME X, W
CHETEEREEKOE — 7 MR I N (K3).
COZTEND, L-TAINE VBEINZTWRVEE
W T, BEALDSEE 5722 e 0h o7z, B
ORI OWTEHM AT — 2 2T 5720,
FIMICE WA E 1 BB X200 L7k 5
RREFRIC AL AT L, EU NV E VBERT & ey
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GO NVE YO —=ZHIEDE D 75 DM
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3. L- T AWK YEROZEEID TGN St OMGET
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LLBEY NV DY — 7 OB TH 5 0H WS
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JHAIZEDL LWENEEINL DM 21T - 72
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External quality control for laboratories of pharmaceutical companies in 2025
AN B, R T, Wi B%, MR O
Masaru OGASAWARA, Tetsuya YONEDA, Nobuyuki TAKAYAMA, Kaori YUNOKI
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[Screening of NLRP3 Inflammasome Inhibitors Using THP-1 Cells Harboring NLRP3 Mutation |
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