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Summary

Farmers need cultivation manual which achieves high quality and the numerous yields
about "Haru-no-Yosooi" which is a cultivar selected for the brand of Toyama. However, the
current peony cultivation manual which we made is not optimized in consideration of growth
characteristics of the cultivar.

In this study, we carried out a cultivation examination to clarify seedling weight and planting
space which was most suitable for "Haru-no-Yosooi'. We evaluated the root that we cultivated for
four years by production per unit and the ingredient content of the estimate of the labor reward
and the crude drug.

As a result, we determined that seedling weight was "70-80 g", and planting space was "50 cm"
as the most suitable cultivation condition.

We make "Haru-no-Yosooi" cultivation manual based on this result and aim at production
expansion and promotion of the branding by the profitability improvement of the producer.
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Evaluation of Bitter Taste Masking using Fine Particle Coating Method
(Third report)

Hidemasa NAGAI Isao MYOKAN,

The Drug Formulation Study Group in Toyama Pharmaceutical Research Association
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Summary

An Orally Disintegrating Tablet (ODT) easily disintegrates in saliva when it is held in the
mouth. Therefore, it can be taken easily by elderly patients who have difficulty in swallowing
conventional tablets. In recent years, the ODT has been rapidly spread as a dosage form which
help to improve drug adherence. In the formulation design of ODTs, it is necessary to provide
excellent disintegration and bitterness masking.

We have examined the conditions of bitter taste masking by the fine particle coating method
and evaluated them using a taste sensor to establish the most ideal condition. In this study, in
order to verify the bitterness masking using the pre-granulation method, ODTs were prepared
using the coated granules, and their tastes were evaluated. We confirmed that the granular
coating using the Wurster method enables masking of bitter drugs. This study demonstrates that
masking ODTSs are easily and effectively developed by using the Wurster method.

F—J—RK:fhifa—51 7, BR<ZAFT T, REREVY, T—2 55—k
Key words : Fine particle coating, Bitterness masking, Taste sensor, Wurster method

%

il

AL, RELYFICL)EHET L2 LT, X ORRN

IR ESE (ODSE) 1XITIC & A BRI MR R A
BOKTHEDICHEST LI 00, SEFRZHET TS0
W SEE O BFICODRALL T, RET Fe
TV ADOWRENPEFTELHIE LT, EELARIC
Wl LTwab. ODFEOBAIRFHI B W TIE, HEAN
THETREORIHIE S S5 -0 OB ik &
TIROER (T AF V7)) ZHTLENRD .

INFET, LR~ ATV ZHIE LTHIS NS
YrurFFANY Y (CyD) ZHWTERE) D= A
F U TRV, BMEL-ODSED R Z R X ¥ 2
TaHili 217> CT& 7z AN, FEFEREICSHRE, kT
=T 4 YR BERY A X ¥ 7 OB &R

BRERY AF Y T PEORE 2T >720T, ZOHMR
2T 5.

BT
1. a

1) RSy
T rT3I 27y (AA, WAL T W)

S H
i
JOR
HO

KA EEDR 3 % 3 M Z



CEERF#5 - 1782 um, 2279.3 um, (36587
um)

2. RE&

1) AR EEEER I — 7 4 ~ 7% FD-MP-
01D (S L v 2)
2=y h:SPC (7—RA%—) 2=v }

2) L —H—m#rh 72 A il e 261 0 SALD-2300
(S AERT)

3) H AU BEM$E © TM4000Plus (H I NA 5 2
a3y —2x)

4) u—%")—A$THekE VELAS (B§/KEAERT)

5) BRAAGRIEE  TSH5000Z (£ 7)) YVx2vy bty
Y—Fr0y—)

o PRSES ARG R v 2 fE (C00, AEL)

3. EBFIE
1) EHOMH

a—5 4 AL, BEEor 7o xo—
A (HPMC) % H\w, [ % 28 KICHEM L
SUKBWICHR L bz a—T1 v 7FiE L
7z.

t7axu—2A (TCHR) AKBMIF

vruxu—2 120 g(BEtka—5 1 v 7 3E#)
FREL K 1,380 g
& & 1,500 g

2) WhFa—74 7
Wk —7 14 v 7 R OTmE E &R, EER
BEEka—7 1 Y7 EBEEHW T 2. HiE
DEVESM X Table 1 ISR TH) TH5DH. 6N
I—F 4 v, RIS X0 RS Ol E
ZITH L DI, KMBRLEFHEMETBIZL
7z.

Table1 $ERIO—7T 1 J&H
FA S 80T
PR 40-45C
Jal e 1.0 it /min
A7 L —x7—xa | 50NL
ok E LIED 04 MPa
ATV —RpE 4595 g/min
RIS~y 300 g

a—54 Y 7E LT

1,125 g/300 g 72 1
(e7axa—2 & LTI g/300

gh720)

I—F4 V7=

J—A¥—a—7 4 7 :SPC

+=v b (KFAATL—)

3) IREN S DT §E

TR 2 FEE L, RV ANTH 30 MRS
L7z0b, u—%) —X$T58% (610 mmbisa, 3
ARAV) & VT, 188402 mg (50 NFEJE) (12
%5 X)) ICTHERSZMEL THEZT- 72, 55
N7z CIE B EESE I DT, S S OF A S ) oo 3l
TExiiore.

a) ¥ ba—gEAl (18EH72)) (182 Fb1D)
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- CPA1]|CPAIL
AR C00 | AET | (o0 | (AED)

v hu—)hEEl 5124 | 0.00 | 146

(Dso : 1782 ym) | 4.70
(

I ha—gE2 (Ds: 2793 um) | 428 | 4772 | 000 | 131

I ha—§E3 (Ds: 6383 um) | 390 | 5592 | 0.00 | 2.05

<R F VRS BRI 235 | 3262 | 000 | 0.70
<A F VTR A2 278 | 3196 | 001 | 0.69
<Ak v T YR A $EH3 295 | 3825 | 000 | 0.86

(FEMDE 3 WIRE L 72 Pz ")

EEE B 2 hO— L Hl1

[ avbko—)Lg#2
=P =T 5 K]
B vzx s saRm
B wAf T EsaRm2
RAFTHHMEERAI

60

50

40

30

20

e o ol s I

AEL CPAI(AEL)

Fig.2 AAd—7 1 > JFHREHERFDAE 1 EEE

Table4 AADOKEE (HE(E)

el PRUESIR| 25BR  [BREEWIR| 25IR

JeR) | (GBER) | (BEK) | (BBER)
v he—EEl
(D50 : 1782 um) 0.66 8.07 0.09 0.37

JRIRFFE | ATV s | PR
1782 um | 5—10 g/min 80T 617.2 um
2793 um | 5—10 g/min 30T 685.3 um
638.3 um | 5—10 g/min 30T 6714 um

Iy ba—VEE2

(D50 : 2793 um) 0.60 752 0.19 0.33

T/, EEMEFEME (SEM) ZHwT, H3E
Bltra—74 v ENOXTIREBE L2
5, SPC=vy bz Hwica—7 1 ¥ 7K T,
I—7 4 ¥ 7 HHIHRARENRIE SN TV B HRA2
MRS 7z (Fig. 1).

oy ba—)VEES

(D50 : 6383 um) 0.55 8.81 041 0.52

FErPS/ Iz RE

[l e -

Fig.1 AARE () $&U3—71 2 J5%#k (T) OSEMEE

2. FIFO—F+4 2V TERICEBAADTAF TR
I NRw R |V 75 ) RO IV (] a5 i | e

XA F VTR

et bl 0.33 514 0.18 0.18

<A ¥ v Tk

AT G2 0.39 5.03 0.00 0.17

<A F v TR

P T 041 6.02 041 0.22
(BB L 3 |lE L7z P& R 3)

10 HEE [ avro— L&

9 avkO—LiE#2

§ avkO—LEERIS

! B <255 S A1

S | EFESDE TS

4 RAF TSR &R

2

{; ) e 7 v v 2z

R (k)

Fig.3 AAId—7 1 Y JRNEREROHEE

WG, B Lo R RIS E TR L 72 A B,
INETORFICEY, 7T I 72 ORI
AELt v (HEEMETIRER) IS8T 52 295
NERoTHBN Y, AELY Y OETAH L RO T



i 24T o 72, FORER, AADOTERIZIGE T 5 AEL
Y UV OBEBEMIZ, WThOa—TF 1 ¥ TR EHE
FIZBWTHIETF LA, 2oz end, SRHAWET
RTCOMFREROAAFR I AF v ZEART L
DHER I Nz, TR TFEOEVE, < AF Y 73R
DB R Y5 2 %> 72 (Table 3, Fig.2).

I BT S r—Ya AW CELR RS
ECZEH L, WREIHHIC TG L. Z0#%E, AEL
IR E LCRER, BEMETOLA L R
2, I—T74 Y TERERGFRNCT AX U TRRD R
HHN, T ha—)L L TER B A71/2
BEICHRI SN, 7, ZOMBIIERRABRICLS
L LML Tw/z (Table 4, Fig. 3) .

z ¥

T2 L RE294F BE & 1) URE PN A B G o0 A B TS~ IS
H3AZLZHMELT, WMbTaI—T1 72 H
WTT7tbb73I /772y (AA) ZHWHH~ A F
VT ORI AT o CTE . WAEEIZ, AA (TH
FL—F) B EMa—T 4 Y7 8HF (7327 0¥
WAZZ)L—FraXYy<x—E) 2HVT, KEEN
TR B AR & il 2 7oA R R T — T 4 v
FEBEIZX DR Fa—T 4 Y TR T2, FOK
R, I—T 4 7B RICEALAIE LTINR 72T
VIVEREEF F VU 7 AHDAADFERIZIEE T HAEL &
YHICRIRET A Z EHI L7272, IEMEZREIRO
AT R e o7z T2, WTFa—F4 v 7L
TENEERE TOWERSY A X ¥ FRRICETRBDO LN
3, PEOIA—T 4 VITWTEHKRYAF U 72T 72
DITIE, MEEERSETEE LT, NfEEZREL
etRiZa—7 4 73 hhE (PhidEkk) »AERT
HhHEEZLNT.

FICHEHEREIX, a—T 1 Y Z7HEHE LTHRER Y
VIS EL 2 v 7O 20—, K OF sk
BEME LZAAK SR 2 HwT, Ea—51 ~
T X B WRY A XV TR OME 21T -
7oY. ZORRE, FhRERECLAEN -7 v
B LTRYT—AY =X b a—7 1 v 755k
EAHE, BRESE DL IR RN I —-T 1 v
FEATZAD ZEDMEREINT. T2, ZOBOR#E L
AT L — B ERFRIE DRI OW T L E R
0, RIS L T30%FE EE o HEB AR A 2 TR~ A
FUTRENRD NG ZENHLNE Lo

AR & 70 B AR, Pk % WV CRlME
Liza—7 4 vy 7ERE2HCODsEXRIEL, €D
WIRZFMT 2 2 LX< AF Y ZFR RO %

To7z. ZORE, VWINOODFIZB VT K~
AF U TRENHER SN, Y AX v R R
TRIZEAENPRD LN W L 2R L.

SRIOMEIZE Y, PRENEICIEZ TR —ik
RGN =T 1 YISk, ERIEY o 2
RAFVIPERTE DL MR L. ERS, KRR
WEETY ATV ZRRMFED 5N 720DEEIC DN T
i, BRI TCIEETOERDE-STEY, Bk
W~ 2% v ZI2330% U Lo a—F 1 v I HPREI R
LLEEZONA.

4l FRATAARR & PSS E R LT, W
Wa—F 14 v 7 RUOODEDMEZITo 7208, T—R
=TIk FREN AL I—T 4 YT EFTOTHEE —
BLTHEBTEAZEOFERMILVMERL TS, &
D7z, T—RAY—FE2 b LT, ODEEDRTE
B R FEIEDOWIR~ A X ¥ 7 % S DA 3N FE i
TErEEZLNS.

X &

1) RS R a—T 4 v FiEr Hnizik~
A% v 7B oG LG, RERWZE, 37, 42~
47 (2018)

2) KIFES MR Ta—F 1 ¥ FEEHWER
Y AF v 7B oMET LR (552 80, &I
HIBAER S ~ & —4ETR, 46, 20~23 (2019)
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rlfEsE, ADIREE, NI THE, BEHEIEmE

Quality evaluation of biopharmaceuticals
— Examination of Comparability of Biosimilar —

MIYAMOTO T, HONDA H, YANAGIBASHI T, KOJIMA R, OGASAWARA M,
TAKAYAMA N, AIKAWA Y, KAWASHIRI C,

The Biological Study Group in Toyama Pharmaceutical Research Association

= )

INA FREE GO B FHINC BT, A S fRitand, SBAT N A A R & O eBGAER - ORI
Wr L W B A B P B B 3 2 JLERER, @AEMIG PRI B3 2 JLEEBR S 1C & 0 Jefr /3 4 A R
& DR/ FEZ R T LEN D 5.

AR TIE, N FEENOFHEAFT L L L DI, A FEHEGOWE kOB 5 & &)=
WZ2FHMIROME ZHE LT, =) 2AuRoF CRF 2 EMIC, RERBRE LT BIT/R 5 W BE
L2 PERRAT 2 AR AR D 2 AW i P RBR 2 S0 L C & 72RiER e W 97 5.

Summary

In characterization of biopharmaceuticals, it necessary to evaluate the comparability of
biosimilar compared with reference biological product by: 1) structural analysis and comparative
tests on physical and chemical properties; 2) comparative tests on biological activity.

The aim of this study to understand the characteristics of biopharmaceuticals, to learn of
quality evaluation methods for biopharmaceuticals, and to examine of efficient evaluation systems.
We used the erythropoietin preparations as a subject, and examined the physical and chemical
properties related to quality, and bioactivity tests related to effectiveness. We will report the

results of these comparative tests

&

[}

INA S thkan & &, TEINCEBECH A xR0 &4 R

WL LTERBEININA F 77 0y —nHIESRL
(GBAT 34 RS L ME/FREOME, ZeM Rk
OCHEMEEAETHERNE LT, B s lEoeEs
WX DB ESNDESRN] o2 Lxigs. —#ic, N
A4 #fianld, ToOMmHE, ZEERTEHEITOW
T, AT RIS & DILig S 15 5 N7z W/
FEMEZ2 RS F— 7SI XHRETHLIENTE
5.

INA FiRfianE, AT R &R S
Ftf, BAZTRBIBERUR, Bas RS TR, "M LT
BICIVEEINL. 202012, OE-#K @
WML EE, O&WFNE, @REENME
H, OAMWE (HWWRERAMNY, mEdHks ~
IR B RRAEF SR T A TRBSEAMY, Y1
AR ATERIE, &) IZOWTHLNIIT A I LN
RKoos, Tz, FBATNA FEHEN & O

ORGP L2 RO P B 5 5 AR, @
AP B 2 FEBERBR AR X 0 SBAT /N A A PR3
E DR/ B Z RS LEDN D 5.

RS EWTRICBWTE, FH29E,S 3 »
FEOMFIERIIT, NA TR DOIF 2B 5 L& &
IS, A F BRI ah O an BRI OB & R ERE %5
ik OME 2 H & L CHREMEZMG L2 =) A
ORI B 2 A, AN ARG &N A
b, ROYWRININA F XY —miZ 2O THENE
L C& 7z B2 6 2 W B AL 22 RO R PEFRAT R0 A w12
PR 2 WG TERRERICBI§ 5 S TORRZ Hidl 5
5.

REREH|

JE )T BRI NI ST N A A BRI, /N A I R
ELTTROmBRBEAZMEM L. 72, KRN
BEdiin & FARCH URRZ 7269 2 Lpifssh
HNA TRl L, BREL ) EORIRZ LS



FTHREME LT, WtKE21557-00IEMIK, WK
DT — & % 5e 5\ 2 7 A A ARGR G L L
NBNA F XY — g OHREANZ OV THHE L7,

o S HERES, TR F 7OV 7 7 A HE N,
N FEHES 2R F T VT 7 (R
R—), WHIFEEEFY ~

IRIZF VAN (ZRIZF VT

77 BS), ¥vtAEAICR7 7 —

-

cNAFRY = I NREZF TN T 7 (R
7)), WAIsEEER ) ~

o INA F Bedfgenn

HERUVHER

1. MIERLFEEVFF AR
1-1. SDS-RUFZ7 I VILT7IRKTIERKE
(SDS-PAGE) &35 FEHIE"
WY E (054 ug/75 pl) 2 E A& ik B) i Sample
Buffer Solution (2ME+) (Wako) 25 uL% Ml Z,
95T THAMMEL, 12%K) T 27 VIVT I FFVIC
7754 L7z (15 uL/well). 4T =#iPH10-250 kDa
D4 ¥#~—#— (Precision Plus Protein Unstained
Standards, Bio-Rad) Zffif L7z k#jfk, Zetaik
3£ (Oriole Fluorescent Gel Stain, Bio-Rad) @ FJIf
WWHEL T Ve, 7INWIA A=V V7l
(FUSION-FX7, Vilber-Lourmat) 2 & » L4258
DI EAT> 72, TR =N —DHKNY FOGT
&= (10, 15, 20, 25, 37, 50, 75, 100, 150, 250
kDa) ROBEIE»SHM L7z—kM 2w,
HBH U TVTBBEENTNY FOSTREZR L.
FEA, K LTIORT LIV d H— TR VW ik E)
WD, R ITERE SR NN A F SR 04T
1%, 314-38.8 kDail IF12314-37.8 kDak FEHI & 1,
ZIZEETH 72, INHITENR, N A FEBmD K

«— 50 kDa

«— 37 kDa

v
-

«— 25kDa

BARER
KT/ A AERR
N1 A%iRR
ARG —F

i

SDS-PAGE#

BT I3 BkDam /3 Tl 032.2-432 kDak 2 ), TR
F U TIVT 7 BSEOFRAREFOLBEAL L —EL
72, —H, A FRY — o5 TR13409-455 kDa &
ol

1-2. 91 A&>70v MERICKZHFIERHE"

BB E (054 ug/75 ul) 2 & vk By HSample
Buffer Solution (2ME+) (Wako) 25 uL#Zlnz., 95C
TH5AMMEAL, 12KV 727 )NVT I KXV T 7
F4 L7z (15 uL/well). BXRKEIH®, I FIAH
X (FS 271y FTurbo¥ A5 4, Bio-Rad) 2
XoTPVDFA YTV VICWHE LT, ATV r&T
Oy ¥R (5%AF 25 32 in TNT buffer)
TERIKH 7oy F > 7L, —kbutke LT30004%
AMopie FEPOYLA (Anti-human EPO Antibody

(Rabbit), abcam, Cat #ab226956) % i T 2 kM,
ZRPUR & L T50006% s O HRPEL #& L 7 - F1gG
YLk (Anti-rabbit IgG HRP-linked Antibody, CST,
Cat #7074S) ZZIBTIMHMEIEEE, I V3 A4
A=Y v TEBEE TSR ICL DNy PR
L7z,

R, B2 1R T X9 2R R e OV B R
TH—DIRIE VKB 2 32072, T34 F RO
TREDT AR & RO KEN XY — v ERIRL, NAF
Bebein OIKEIHII AT N, FERE R E LTI
SFNCRRD STz, FE TN RSN &N A kit
IEBEERR 00, by 20K F
HITH 5D Z L DRIEILFIHER T X 72

1-3. BiEyOv bS5 7 —RITFERGESE
(LC-TOF/MS) Z#RHWENTFRIvEY
TR KB BRI ERH R
w ORI A#E T 4+ V% — (Amicon Ultra,
Merck) 2 CHBAYE MG L 7264754 F B3 B O
A F#fkean (10 ug/70 ul) 1202 pg/uLdTrypsin

"
L
05 08 o2 OB
# % w8 |
BE W X o
R ®* ® ¢
E " v K
X X ¥
e =
R

M2 wxA&>70v Mg



Gold (Promega) % 2 uLllz, 37°C CIL2WF [ DL _Em
Mm%z, 10% k) 70+ aBEERER % 8 uLin 2 TR %
kL, REHAmE L7z, BUBHAW 5 uLZ LC-TOF/
MS (FWVAh—Tx8y) THlEL. HBohicT—
% # AT 7 b (Biopharma Compass /M O°Biotools,

TNH—T X)) & TR L7
<W7E St >
Betiegs - LC (LC20AY A 7 4, B i 8 5 i ),
TOF/MS (maXis I, 7IVh—3 x/80)
7175 Waters ACQUITY UPLC BEH C18
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B3 ANTFRYYEVITON—RE—U/O% NS L

R KON FEERENA FEERMD M) T 2VEENT F N OREFRE

Position Sequence S6ATRT (min)  #A#RT (min)
14 APPR 1.70 1.67
5-10 LICDSR# 16.18 16.15
11-14 VLER 3.86 3.85
15-20 YLLEAK 17.31 17.23
21-45 EAENTTTGCAEHCSLNENTTVPDTK?? # (21.2-21.9) (20.8-21.8)
46-52 VNFYAWK 23.70 23.70
53-53 R - -
54-76 MEVGQQAVEVWQGLALLSEAVLR 46.52 46.68
7797 GQALLVNSSQPWEPLQLHVD (29.7-30.1) (29.8-30.2)
98-103 AVSGLR 791 9.30
104-110 SLTTLLR 23.19 23.08
111-116 ALGAQK 2.98 2.87
117-131 EAISPPDAASAAPLR 2153 2154
EAISPPDAASAAPLR - -

132-139 TITADTFR 17.61 17.50
140-140 K - -
141-143 LFR 8.74 9.88
144-150 VYSNFLR 20.10 20.03
151-152 GK
153-154 LK - -
155-162 LYTGEACR* 16.18 16.15
163-165 TGD

P U207 4 A

Nt A RS SIS & 300 © N24, N38, N&3

O B TRUFE SHAS B304 © S126



Column, 130A, 1.7 um, 1 mm x 100 mm
#T Ak 55T, Wi - 5401 mL
BEAHA 1 0.1%F -k
BEIHB : 01%FH-7E b=+ v

FERILT, MY T Y UHEALL ZRBHE W ZLC-
TOF/MSTH M L7zRTF Ry ¥ ZIZBnT,
FATNA F RIS R ONA F Hheimld, L2270
~ b S a%R L (K3)., Y7 Mtk R
F FEF O HEEROFWEZ HWD & > 37 O
WEEBAE LR (1), 7ux o4 E0F
Y — 2713, MSHIEH#PALLT (<300 Da®/ 74 v
Ny ZEE) OBWRTF R (M)XTF RLUF)
ZHRw/, erzy) 20Xk F e ) TSV UHEIEL
THREDOFESH D 7\ W T F K K OMSIZ B W TO-A5 A1
PESHPIN TR T F FiTRE s, —F, FHr &
LT F FTIIHESEEE O —MED SRR VWY — 2
BIREZRD, BBLZOMHSHOEREEZMZ I2RTF
FE&E L FEAED» S EDMED Y — 7 YT X 72
B, B AANRYT NVOEA T KRR TF R
DHHMERAETAICEES Lo/, L2LAED
5, B TELY =7 ORFERERIL, JBAT/51 4 RS
MENA FHBEEMETIEIZFEHELL, wFhbe b))
Z0RLF V7 X EDOT I H) K OLICDSR &
LYTGEACRE DY ANV 7 4 Fi§& DRk 72.

1-4. F+vEZ)—FELABETKBICKZHEHETO
7741
R FIRR I SRR L 722647354 A REE L O A
Hefemh20 uL (B 1 mg/mL) £ 87 uLo ¥ ¥ ¥ 5 1) =58
RSB IR © cIEF gel (SCIEX), Pharmalyte 3-10
K U255 (GE), Arginine & UMIminodiacetic acid (Sigma),
SimpleSol (Protein simple), pl marker 3.38 (Protein
simple) J% U55 (SCIEX) % & L Tk B H B8
L7 Fry¥oy) —ERkBEE (PAS0plus,
SCIEX) I TR TFDO&EMFICX illlE L, pl marker®
FENEBEHER LY, BoMY—r0FRNEHR
Hi L 7-.
<W5EFft>
2 - UV280 nm
F v ¥ 51 — : Neutral Capillary, 50 um i.d.
X H 720 cm (SCIEX)
S UEAIKE) - 0 T IVIE A25 psi 999 sec HIE,
Focusing Step 20 kV 10 min,
Chemical Mobilization 30 kV 25
min

P OB (Y 7 VRO ER) 12X Ypl 3.38-55
DOMICHEBOE =7 RO SNz GHERH T L L
HTWI2ORBOEMIZH D DD, SEEE 6 ODH
WA 72D ¥ — 7 D Area% % % 2 12T, AT
INA KRG &N A Bt THAEISEVD D S b
OO, FAOEY—2 3% —%R1L, EHUEIZED»-
7=.

x2 FvEZ)—FERETKE (Area%)

Area%
FEIARETE TN S
pl No.l No.l No.2 mean
@D >45 1.56 9.52 1068  10.10
@ 42245 21.63 2797 1945 2371
® 4.04-4.22 19.56 1534 2278  19.06
@ 382-4.04 40.15 3024 2043 2534
® 375382 9.51 7.75 9.31 8.53
® <375 759 917 1735 1326
total 100.0 1000 1000  100.0

FAT A FEHEGE, n=1, N1 FHEHAmE, n=2 TOWlE

1-5. Ba&ERAEs/OIY NI F571¢— (UHPLC)
ICEBOT7IIEESENTE

J T CHE U CRRR 2 B L 72, Al AR L B I A
L 72564754 F RIS, N A F HBhidh, N4 F Ry —
w72 OGAERER, (#90.8 nmol/45 ul) 1Z/KEE{L
F MU AR5 uL & BRI 2, KK HT045 [
B U7z, AEERE S uLz IEREICIN R 72, S O
K45 LK OK/BERE (100) R (27 : 8) 100 uL%
FRZENIEMEICIZ, 80C T210% M L7z, %,
C OWAZ R RO HOERIE200 uL & IEMEIC A,
T, 60T T2 WM L7z, %, 2 OWIZKEEL
F MU A3RK200 uLZ IEMECN 2 TRUBHAW & L
72, BICHEE, 04 mmol/L N-7k&F IV ./ A4 5 3 Vg
250 uL# IEREICE D, 01 mmol/L N-Z7V 3 v
45 3 VEERAN20 uL K K180 uLx F N F NI
VWZIN R 72345 uL% AL L, fEikem e L7
AREHA N O HE A HE 2 uL % IEARELC & ) UHPLCIZ T
HWELZ, REBHRON-TEF IV 453 VBOY —
AN ON-Z)ay v 453 VOV — 71
A, I EBEON-TEF NV I 453 VD
¥ — 2 HRAq L ON-ZY 2V ) £ 53 VROY —
7 AL D, ST IIVEBOEE (mol/mol) = (AT1/
A1 X 10+A12/Ase X1/5) / GRELL 72RO EIVE)
EHEH L.

FATNA F RS &34 F Hbidh (% 2Lots) DY
7OVEE S B (mol/mol) 1, J&i7/54 FEFHEM (11,
11), /N4 F#H5 (10, 10) & 2% 0, J& )5 5
(11) BROINA A XRF—f (16) THo7z. i A



FEHES LU, FHEHME, wIhd HREI7TZ R
FUTNT T OY T IVEEEERME (10-12 mol/mol)
NTdHolz. YT VEBROEDBEIL 7254 X% — i
DINRKLF Y TNT 7 DY T VIEERZ, LN
A F BRI ORLSMEE - 72,

2. EwiEtatE
2-1. 70-YA X M) —HKICKD 77 AMIKF
MmERDIEINZIEZE L Uin vivoEniE kA BR

HASE R Ol #ER L, =) 2a Rz o 85|
OFMENE GEMIER) 2 MR M BRI o B 2 5L
A L7z SBAT N A ARG L O A F feim & D
FRELL 7205 K% OF 2 IU/animal®#: 5-%0.2 mL#% Z &
NICRA~ 7 A (M, 53H#s, n=14) |23 HERBERK
TG L7z, B B ISR A 2 RIS
L7z (n=10). ¥ 5- #2405 ICEDTAMEL L 72
MEEZHOWTIYAORI VRML 72, W F 2 —
TUME 5 uLZ WL, Fx¥ V7L —Ya YHOX
A 78 —X (¥— X860 um, #RELOX10°E —
A/mL, Bacteria Counting Kit for flow cytometry,
Life technologies, Cat #B7277) Sbul& & F 7 vV —
VAL Y (BFE00l mg/mL, BD Retic-Count, Cat
#349204) % 1 mLiEM L Tk T30% M E L 7.
Z0t%, BEMESHTEE (BD FACSCantoll, HZA
RN FoFryy) 2V, E— X 25008
AATBEOF 7=V L v VBRI R R i
) BEsRHE L.

WEsRE K4 ITR L7 B IEEE, BirN A
FBEHEG05, 2TUHRG-HE, N A #Hifian05, 210K
G#OMRRIMERE L, ZF 22548 +960, 3458
947, 5184 +1268, 3435+ 635K 184469 +604 cells/uL
R, AT FEIEG KON F ki 2 TU
BOGRETIE, Bt IR & e UAIRR I ER O 45 7 7

0<0.001

= .’
%. 6000- ..o: ..
" A e®
g - 2 ¢’ 'a."
) et R oot oo ﬁ.":.'
= [ ] ® Y o %
& 20004 ..:. ... ¢

0

0 0.5 2 0.5 2 IU/animal
S EITNAAEER NA A &SGR
K4 TVYAORIFUREIOTTRCETSEMER

BmAA STz Tz, JoAToNA A RS &N T R
e an D 2 TU5-HE O MR MERBUS A B 22T A S
Neholz. XoT, AT/ A F RS &N A T b
mn S AR OEMAEH 2 A4 5 2 EAURR S 72,

2-2. TVAOQRIF U ZRGREMPOIEHE ZI5
E& UZzin vitroEWiatEaER

v by 2uRTF ik (hEPO-R) 3L
ORI AR, =Y 2 aRTF VKO AN
I L7, MR, 7 oV v A (WST-
D RVl RO BKEREREEEZBE L LR
BrL7z. 96X L — Mk PAREIMEHISRTE- 1 /i
PR L (2%10° cells/well), BRREAIR L 72 4 B
(0.0032— 2nM) FAETF T3 HBEREL A Mg
W 100 uLICWST-1 310 uLZdsm L, 3 EER 5
T, WEZWE L7 (450 nm/XFHE690 nm). 15
BNFWGEE X WG AR 2 VER L, 509K i 3 pifi
B (ECxof) ZHM L7

MR, KSR T X )Tk NS F R, N A
F B RS NN A F N Y = OECHEIE, & %,
0069, 0.105, 0524 nME B Sz i1 F IR
i & NA T BBMOECflICA BE RO LNT
JeAT/NA F RIS, & N A 050 U [ R B o0 il e 33 il
e 2 /R L7z, —, A TRy —ihig, g
F R M ON A F tfedh & 0 55 M b i e fk %
MUz, N4 F Ry — g, 4754 FEHS & g
L ThEPO-RND#EEHAMEIML N Z & 23 ST
BY, KRB RIIATHERE —F L7

ok

s

c

20.5

(&)

w

il

Il

B¥

R

9 )

2 o [ Il
08 08 08
2
i 5 2
K X 4
Y hx K
B > s
hre

X5 HHRETEICH T B50%IRIRE

Each column represents the mean+SEM (n=10-15), **p<
0.001 vs control, (one-way ANOVA followed by Tukey's
test).



2-3. REAT7SAXEVHBEICKB VT FEEHR
MEZIBIZE Lzin vitroEiE R

LY A0 RLF VISR FEGRATER A O =) 20 R
IF VZHERREST 5 2 & TRIBRAIE D 58 K OV
AR U CRIMEREEA 2 RS 5. S, 414 HE
VERfRAT 31 %2 v, RI7 7 XE 2 3RIBHIC X ) #%
B#K o) 20 R V2 /R E OSBRI R
fili L 7z.

MHHPUADPTE FgG-Fchifk % Human Antibody
Capture Kit (GE Healthcare) (Xt H—Fv 7
(CM 5, GE Healthcare) ZREEfLL7z. 7F+F4 b
LT, AT A EHES, A Hhea KOS
Ny —m®0.117, 0.234, 0469, 0.938, 1.875, 3.75, 75,
15% U830 nmol/LO MBI Z A8 L 7= /ERL 72
Yo —F v T &SRB BT E (Biacore
T200, GE Healthcare) 2% L, U ¥ F (=Y
A0 RILT VZHEMAR; v bFeF x S 2 M, R&D
systems) * LR, PR L -8R A O ARB
HAWTYH Y FICHT27F54 FokamEt
=T G AR LT WA R T 4 7 AR OVAT
ME R ML, BEBREAOT) AR F e

L DR EBANEE LI L 72,
NAAXT A7 AN ORERZRKIIRLE (n=
60
Z 40
o
£
©
c
m 20 e ST TERS
8 A TERs
A RAFRE—B
0.

-10 -9 -8 -7
log[Conc.] M
M6 RABCHMBBELUEONLYJEA N

9). fEAHEEEH (Ka), MEEdEe (kd), Mk
R (Kp) RORAHAR Row) BWT, BTN
A FBEEES &N A F BB ED T 2 AR L, WE
DR ETFMCAE B R ZRIAON o7z, —)
INA FRY —fhiE, ZRENOMIZO VTR NA F
PRI LRI EICA B R AR b, Kotk &
K polzZ s, BEWEBMMIXMET L 72, &
AEEANBUEEOE A DTFT—% (n=9) XhiEFsh7
VIEA FIEK 6 IRT. N F XY =Tk
WERPRELWONICT I 7ORDBELR L7120
FAT/NA G &N A T B & OFATHARE Dk
F, 50%E A E (ECsofl) (&ZhEh, 1.361E-09,
1.389E-09 (M) & 7% b, Zomhliktix, 1.021THE
FRNCHEE LIRS N D572,

ERBLOHRE

I AU RILF BB EEMS, BTN A BRI
EONA F R, BRSNS F R =D
WCHRNEISARD 2 AW TG R ER R B2 AR 2 W B
(L= R PERRAT %2 S50 L 72,

SDS-PAGEIZ X 5 F&EME, RO T =R T
Oy T4 YT lé%ﬁ%;ﬁ%@ﬁ% JeAT N A
FEHEY (TERIZF I TIVT77) 8L FHkN (T
RIF A on) 3G TERICEFRDLNIZL DD,
ELAICe b)) AR F VEAITHLZ LR
RT 2 ENTE. HTROBECHPMIERT S
DONPEHLENZT L7280, XTF <y T X% H8H|
LR R P 70 7 7 4 V7 & DY 2 47 -
7z.

R ORTF Py X BiERRBETIE, IR
ST, MTY UL KRRz O~ TS
T4 = ZXBEL, Hohzru~ T T ADE
W2 &) R EC O E— 2 2 RilT 52 L T
RS 4. AWFZE TR ZTOF/MSIZL, f#5h
7eruv N5 A LEOE =7 2 XRTF FESIEET
HI X, X0 oEHE S RIS
T, MU T L 2Bk 2 LC-TOF/MSIZ & b X
TF Ry TERITV, FEHORWRTF FEFO-HE

®3 RETIATVHIBEICED VA MESHNED DA T 1 & ABFHER

RITNRAFTEES NAFE&ER NAARE—F,
Ka : kd : Ko i+ Rmax ka : : Ko : Rmax ka : kd : Ko : Rmax
(1/Ms) + (1/fs) + (M) (RU) (1/Ms) : (M} ' (RU) (I/Ms) + (1fs) + (M) ' (RU)
Mean |8.48E+06 : 2.73€-04 : 3.26E-11, 42.07 |8.28E+06 : 2.53E-04 : 3,12E-11 : 42,77 |5.30E+06 : 2.15E-04 : 4,07E-11 : 49.22

sSD 5. 68E+05 3.64E-05 ' 5.30E-12

155 4.04E+05 1 3.16E-05 ' 3.87E- 12 1.25

1.70E+05 1 2.57E-05 l 5.28E- 12 1.28

CV(%) 6.69 : 13.36 16.27

] ]
3.68 483 1 1249 ! 12.40 : 2.93

]
321 ! 1196 !

12.96 : 2.62




FURESHANIZ T N2 7T FIE, Bk omfEn~x 75
FEBRWTETOREELE =7 |JFENTE, RBETE
7eHPIC B W THATNA F RIS & NS F B D —
WHEREIZE LT, SSHAEMVS —FH LT, v b
I) 2aRLF VEHITH D LERTE 2. ZOMKER
i, M) TV VB AaRDF v EEEGH
WX )RTF Fvy T2f7o 2O MED &, B
HOD NIRRT F N GEICRIT CE o 720 % B
X, FHLTWEro7 o T, AN A TR
ENL F BB E DG TRDOEVZIRTF K<y 7T
FENCHGET T & o7z, HEL TV AR AR —
PEERT 5 EE2 5N 7.

ZIT, ¥y ¥ —FENEXAKE (CE) 12X
LYESHTO 7 7 A Vol &R FEhE L7z, FESHOME (¥
TIVEEOFREAE) 12X 0 pl 3.38-55D M THE D ¥ —
RO BN FEEE 6 DOOHERITT 2RO
Y — 27 D Area%h b, FEAT/54 A RIS &N A F kit
o CATEHICECDEH L DD, FAEOY —7 88 —
YERL, HOMEEwEEZ N 2B, 4
CETHELNTY) AU RLF v OB (#3.7-45)
i, ChETOHEEY O%EN (3948) X0 LK
V. CETIZy ¥ 37 EORSE, I X ) BT
BONBNWZEDRH L0, Rl LTREZH
Wb ZENEW. BEMTHOREZH TV LY, IR
FIZE AT EopHEE L 25| &6 2 SN FY
T MY, KRROFBEHLIVDEL RS, 4N,
TAIIRFZOREZ2UE L2 WELH 2 Vw720,
EABELRY 7 M8 59, BEHL ) DR MIML
{rolbEZE2bNb.

—%, Y AuRTF YBENL, T IVEOMEE
IS 5L, Y AORIF VZEAENOREA B
I T4 b oolMd TR L, in vivoTO
EWEES LT A2 MO TnS. #E-T, HE
BT 7 7 A NVOENDE Y T VIEEEGEEDOEALZED
A, EWETICEEST L L, BElho Y TV
Wamalg Lz, 2R, B A A RERRLD
NA F ki, WIND HRITZRZF 7T 7
DT T IVEEEERKE (10~12 mol/mol) WTH Y, [
BEOITVEBZEALTVWALZERHLMIE 5
oo B, VTIVEBOBSEEIML 72N, Xy — 5
DY TIVEBEREIL, BT FEREHOHISETH
D, YT IVEBOERKKESBAIAT N F R3O 1447
WAL, N FRY =TI TH Y, #16fsE
ToTwbI EEFELRW. T/, B OHPLCH:
ZUHPLCIEICS® BT A2 12X ), BBEEDM L
MBI OFEARAT &, Ry 2 5FAliE & i T &
7z.

NS OW R LR AT DR R, AT N A %
PR LN A FHafiind, Y2 AF 7y MEICK
HEEFENTERLORTF Ny U 72X 5 — kb
BOSHIC LV BAIFoOL b)) 20 R F v &
BT HIENTE. HEL TV LHEHOARE M
5, G T a7 7 4 VITEWDE D LD, EW
EHENOBEERKEWY T VEBEOKERIZOWTIL,
VT VERE R D 72O EYIE T v
EZbND.

TR, 7 RTEHA E G L, MR ko 38
MEFREEE Lzin vivoEWTETEERTIE, B34 F
PN &N A A bt R E OB IMEEEZ A L Tw»
7z, Fio, L) AURIF VZERANOMEEBAEC
BWTC, HEREER, AT e, REe o
RARFEERERDOWT D BAT/NA RIS &N A F e
e CTRBETH- 2. 51, YV ATRLF V%
BRBBMILIC BT, BTN F RIS &N A F
fot vim (& 1A% B2 O R BE Al A S B & 7R 3758, FEME L 722k
WG PESRERZ B\ TIHAT N A A RIS & N A o b
ERAMEIENE R Ao T

INOORREEREWIHRT 2 &, WEMLEDY
PR O i TIlIBES S DS BRI X BRSO S
MDD, AEUEEANOB G PR E WY T IVEBEO &I
RIFEEECTH VD, Mt L zin vitrok in vivo®D A W) 1%
PRI Tl W Ih  ABEEOMEIE N2
END, YL NE ORI E R R L G
ZTBOT, N FHRBEMIEIT /S A F RIS & [
/AETHHEHRMTE D, B, N FHEHBMOE
THEEZSEICT S L, KBBETIIRD SNH
SHME R DL AR AR B B O =R E M- et
B 52 e EHINTS 2 AR & FE R R SR KL OV R
RBROBEDHHHAT L LI ITRKD TS, T2, HE
BiREE DS ST 5700 MERK L KD SR
ThY, EBEORSE/FEEOFMIZBVTIE,
NOOEHEZHS2ICL, BAEW ARV THE
TELZENDLETH 5.

WIS, BEMOEYMATEH ML T, KHOR
ik OB R R A W G SRR 12 BV B B SEER o QR
ek, B GiHiREMETAZ LT, X DRIEMIC
L DEREB/L LN TEL. —J, B0
Y, $FICLC-TOF/MS% B\ 7247 T, MSo 51
RERT — 5 DIRFTIZH L Cwihnizo, HgE L
TAERDS T ICEBONEVI LI H LI EDEKRTE
7z.

AR 242 HICHEHI O [ A Hieam D E - B4
% - HRERERO 720 OFe ] CGEASEHFE0204 55 1
) ASHEMEN, FOHIIBWT, NA FEHmOB



I Mo TR, AT FIRIER OBSE - AR LI
DIEMROER LR OB FHM 2 WY Ahs 2
EWRDOENT WD Z &0, EHIFEREWHST
X, Bl&EHEENA FEHEMITOWTLC-TOF/MS% H
W 72N O W B AL A AR AT OB R 2 HR T T
ETH 5.

X #

1) EARMSE BkFz, KNHEGE WG % D
IR, mE=, M=, NRTET, E3H
WX B © N A F EEGOSERHE — /N
A F feisean O FSEVE/ FEEORES —, & LIRS
FHRATIZER 5 £~ & — 43, 46, 24-27, 2019

2) BRI N RGO SRR B A E
00T, J. Mass Spectrom. Soc. Jpn, 64 (3) , 93-
96, 2016

3) Ben Cowpera, Xiang Li, Lei Yub, Yong
Zhoub, W.H. Fanb, C.M. Raob: Comprehensive
glycan analysis of twelve recombinant human
erythropoietin preparations from manufacturers
in China and Japan., J. Pharm. Biomed. Anal,,
153, 214-220, 2018



ICP-MSZ R\ /et R A it 73 i DERERRES
FOUMESE, RIMPT, Frbhdm, NS, 6B b

Basic study on the analysis of elemental impurities using inductivity
coupled plasma mass spectrometry

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

The Chemical Analysis Study Group in Toyama Pharmaceutical Research Association

BRI, FEEELHINA, A RO OB 4% E0 b ILEAMWARA T B 75 — A 05%
ZoNb., BRERLBERBBRD LN TSI LD, IO DOFENICEAKY O 5l 1% H 2
IEE 2 B

FEKEE T T A< HESHED (ICP-MS) &, ppb (=ng/mL) LNV TORXERSZHET S
CENTEDL. T, A7 udEsmEE TR, BHIRECLEWESMT LI ENTE, RN
EBOMBEIILT 2 LD TESL. AL TR, ICP-MS% WV TILEAFY O T BRAE 0 35T
RLIMEIDGRER 2 F 0 L, 15 5 N 720058 fiE 23 38 WL R A EI B &% (ICH) TR d b7zl & 36 %
WL TWb I EZMRLL. T2, U vy —THBELZEFVEFZH T, BHIhOILER
MG BT B, P ETTE LY T VG REOME %175 7=

Summary

In some cases, 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 validated the
analytical methods of elemental impurities by ICP-MS and verified the measured values met the
criteria defined in the ICH by testing the detection limits and spike recoveries. We also analyzed
elemental impurities in model drugs which we were prepared, and established the versatile

method of a sample digestion followed by the analysis of elemental impurities.

F—J— KN ESESR, TENMY, FBEEST T A EEONEL <A 7 a il
Key words : drug, impurity element, inductivity coupled plasma mass spectrometry, microwave

decomposition

1

il

EHEGOMEFMII BT, AMRCHETH 5488
BT DIERE 2 ST TH 5. JEEZEEERLE
I RITENT: TERBDOTEASFW A K54 1
DWW TiE, P29 4 H 1 HURRICKRRHGF S
B R R I L C R B ER A ERE 3 (ICH)
THE SN2 EAMBP 7T A K54 VICH-Q 3 D73
HEnaZeenl), THEAMB O K O—HORF
AREFRPDEMVHE SN TS (£1). 58I
ELHIZEOHMA LI N TS ITREDEZON
5.

HEAES 79 A~ B EaHrEr (inductivity coupled
plasma mass spectrometry: ICP-MS) 1%, JEH 12 5%

JELR M RETH B 7280, R O BJ& /34T 1258
LTw%. ICP-MSTI&, KBEBWDIRETH > Tz
BATB720, R EORIEY > T IVid< 4 7 1k
DIRREE T, KERHICOHT 5 L8P D 5.
WRMAER MR T, IO DOEELZ W TEHE
i W D I W0 % LA A D R E BN 0T T & B I
PR LT,

AERAEROHER

O T BRAE D FFE

AW T, ICP-MS2Q3DH A4 K74 VITHES
NTBILHE ORI Z FHli§ 2 DI+ = VEiE % £ -
TR 2R L7z BT T > 7 i 10



1. QIDICHBIFBRFTar 1 ORFAHYHARRE. —BRAEN0 gLl TORRPOTRTHYMEETMI 57D
AT a1 PBIRENBEICIE, ChEDREREEZRAVSIENTES.

b1 7T A O RA OWRE HESF OB BE R A DB EE
ng/g ng/g ng/g
Cd I 0.5 0.2 0.2
Pb 1 0.5 0.5 0.5
As I 1.5 1.5 0.2
Hg 1 3 0.3 0.1
Co 2A 5 0.5 0.3
Y 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 25
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
*x2 RBERBOHEMK *=3 PERERBOHEMK
A5 2 T EAILHE Kol ) (ppb)
SPEX# XSTC-2071 | 30,000 ppb : Ir, Os, Pd, Pt, Te 25,000
SPEX# XSTC-2072 0000 : 5 10:000
2072 | 30,000 ppb * He, Au Ge, In, Lu, Bi 5,000
SPEX# XSTC-2073 | 30,000 ppb : Ag, Ba, Co,
Cr, Cu, Li, Mo, Ni, Sb,
Se, Sn, V
15,000 ppb : As
5000 ppb : Cd, Pb, TI

F4 ICP-MSO#H TRIE
ou # Li A Cr Co Ni Cu As Se Mo Ru Rh Pd

B 1 IR R O10% Kt

(ppb) 41181 5500 | 1000 |110000| 500 | 2000 | 30000 | 150 | 1500 | 30000 | 1000 | 1000 | 1000

R 1 HEEE R O 10%

(ppb) WL AH] 250 10 30 30 50 300 20 1300 | 100 10 10 10

ICP-MSD e T B (ppb) 0.131 | 0021 | 0017 | 0.004 | 0.010 | 0.023 | 0.023 | 0066 | 0.111 | 0.002 | 0.018 | 0.006

ICP-MSO#eH FRE (ppb)® | 0655 | 0.105 | 0.085 | 0.020 | 0.050 | 0.115 | 0.115 | 0.330 | 0555 | 0.010 | 0.090 | 0.030

DI S Ag Cd Sn Sb Ba Os Ir Pt Au Hg Tl Pb

>R

A 1 HIERE D 10%5:

(ppb) 18] 1500 50 | 60000 | 12000 | 14000 | 1000 | 1000 | 10000 | 1000 | 300 80 50

R 1 AEFR R O 10%H:

(ppb) WA A 70 20 600 200 | 3000 10 10 10 10 10 80 50

ICP-MSOH#H T B (ppb) 0.012 | 0001 | 0013 | 0007 | 0.003 | 1.190 | 0.052 | 0.002 | 2.737 | 0.729 | 0171 | 0.005

ICP-MSOMH T BRAE (ppb)® | 0.060 | 0.005 | 0.065 | 0.035 | 0.015 | 5950 | 0.260 | 0.010 | 13.685 | 3.645 | 0.855 | 0.025

a) BRI EE (T HRSE L 72 ICP-MSO M TR (1 B4 5-5010 g 84 2 ARG Tl e L 72354)



WE L, ZOEAERAEE 3R L7 % W TR &
L, HSLHROZNETNOMB FRMEZHEH LAY
PEE O S I D Tld, PMDA® [#H]|h ot
A OS] % b L IZPDEMED30%% & FEBIME & L
TREL, SHIIHEHFONERAELY ZE L CPDEfED
10%2SIEREICHIE CTE AL L2 HRZE LTRHREL.
F72, ARIZOWTE, HABOETNVEFIE LTHY
B R T B OV Pl 25 B D A& e WA K 2 B L C
Wi,

TR O R

ARG (R 2) %MK THRL, BoOmKIRE
HIRA.0%, HER05%E 7B X 5 ICHHELL 72,

77 V7 RO

T D B AT T DS 2 4.0%,  HEFE05% & 72 B X ) IR
B 7.

AR HE VA I D i

WG (3R 3) ZMMKTIOORAML, Mo
HET P DA R4.0%, YEIE0S%E 725 X ) ITFHHELL /2.

B R

1 H¥ 5810 go & T8H 2 e Lz, 37X
TOTEIZBWT, Q3DHA FI4 v THESN
PDEMED10%LL T ORI FRRAEE 722 1), AREEIIHEL
BRPOLSRSEROMWEITK LT, TonllEr %
FoZ Mot otz (4).

1 H¥ 5210 gDWAHI % e L7284, Aulcd
WTIXQ3DTHE X N7-PDEME ®10%I2xf L T4+
GRERNZFHEOLEIZT AR E R -722% Au
WATHERRIC 3 v ) — F — N — DB RO Sz 7z
B, IEL FMEi L2238 & 0SB e iE T A3
bhs EiEibhs,

@QA—YAZ—FHOEREEAERV YA 7OKER
H11% ORI EUR G ER
ICP-MSTIX, #iMod 5 R E2s L Tk

WREENET A25E, 4 F VMEOBICHEBELRDTE

g, WBEOEBFVPNTOLEOARGEEZELTLE
). FDD, FTOLI) BRI e R S &

BHI72ODOFMBIASLE L 7 b ARETTIE, EEMO

BIEAIE LTS hCwba—v A% —F
<A 7 ORI LEEE (7Y b oS — LA

TR L, FEBEIZICP-MST Ol % 250 e > % e 32
L7z, F7, <A 7 o lEIRE#ORMBIGER b [F Ik

AT o 72,

AR
<A 7 aEMRERERICT— 27 —F0]1 g& AR,

ALK 3mL, 70%fH B 3 mL, 30% M ER LK FE K
ImLEMZ 7z, DFICRLZEMET~ A 7 ail s
#ATo 7z 35%MEME Il mLa iz, HHAKTHRL T

50 mL& L7z F72, 79 ¥ 7 B O BIGRER

B D MO L CIRE L 72

O~ A 7 ulEnfo s
1. 350W 2045~ 4 7 v P I g
2. 1550 T700WE T~ 4 Z uiotih k5
3. 7T00W 355~ A 2 1k Ha st
TSI O
B U 2 WA AR AL, BB O B BE DS Al 18

42%, IRIR0T%, MERILKF06%E 725 X9 IZHEL 7.
PR HE VA I O i
PR HE R % AR TL00RE AR L, BRI AR A

TFERA.2%, 3E1R0.7%, WERILKFE06%E 7% 5 X 9 12
L7

120
100

T NTIA

747 4k (ppb)
8

s
=]

(5]

o

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

K1 3I—2A&—FHhOEREE

[+1]
[=]

Hnal = (%)

200
150
100

o

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

B2 RINEYREER (Y41 7 QIRIREHRK)



w R

<A 7 aERENBEOI— v Ay —FhogRTEE
HWE L7728 H, AuB OHg?D F % 1) — F — 8 — H35fE 8
EIN7zD, ENPSMNOEEICHRICB W CIRMEZ <M
ENRTE (K1), T BmmEPGREE oK R, 12
EAEDIEHETHINEIO%A £ E2 R~ L722AS, + A3
7 A BV TR EIED200%E 20, mnELD b
FmWiizRL7z (K2).

@F A LOERESTDWEE
LFREOFTMEBIGRER DK, + X I 7 2 @ GFAf
PR ENTZ. ZhiionwTid, v rve~vAfrn
WALHR L7280, A I A5 % D HEEFRYED B U
IEAAITLERD, FAITLAHBEIA T LS
N7 EDFEREEZZ 5N, 22T, ML+ A
IVLEFAITALEILTSHEV) HWT, 47
T g RS I T AlA R 2 dn L, g2 1T-o 72,
FICARA OO 7 B

FF R F0.05 glZBEHK50 mLE Mz THED» L7z
FICANA QD i B

T ATIVE VEEOL glIBAKS0 mLZ Nz CHED L7z
FICANA G D 7 B
FHRFE005 gk 7 A2V ¥ UIE01 gl K50
mLZNZ THED L7
L R AL

<A 7 A AR SRR G 2 L, K
3mL, 70%RSERAE 3 mL, 30%HEE bKFEAK 1 mLa
Mmz7z. TR L2&MT~ A 7 a2 1T\,
EILABE RO~ TAHML T50 mL& L7
BEAE A O

L JEOR 2 AR TRV L, R O s #% U BE A3 A 1

4.2%, BIRALKFE06%E 755 & HIZHHE L 7.
PR HE I I O 3

PR HE I 2 B K CLO0RE AR L, Tk o fief it L
HIHIRA2%, BIEILKFE06%E %5 X H IR L 72

B R

BICAIEE OB LD, A AXAI T2 %28 7H R
INRCHET L EATE (K5). 72, EicH
DR AB DL L L BIEEOELIZED SNk
Mol TOZERPL, FAIVLAOWEIIBNT,
HRICAIDOWMBIERNTH B ENHL N E 572,

@ETIHAOEERSEATE

SR ETFOBRMUIZGER Y > 7 (F£6) 3L
T, BBRILTEOWERITV, FOTF—¥ I LEBOE
BEMEZ BN TE 2% B L7z B ow
Tid, LiloOMEIHREIRICEE L.

R R

<A 7 OESRERICERSASEAY TV E A
M, WHEIK 6 mL, 70%MN e 3 mL, 35%3E e 7 K
ImLZEMA 7z TR LZEETY A 7 a il
ATV, mOTHNEW (FARFE 1 g/L) THML T50
mL& L7z, F72, &BEZHIML TRy v 7
WAZDOWTH FEED TR L 72,

O~ A 7 a5 to 5

1. 350W 154~ 4 7 v Jk g

2. 1547 T700WE T~ 4 7 ol F5

3. 700WT205 M~ A 27 1 ik IR4f
BEAE VR O

Table 7 \Z/R L7 EE & 72 5 X 9 (CHEHE 0 2 R
L., ERORAIEIE D INERA2%, YEER0.7%E 725 X 912

®5 FAIVLOEYRE

g EICHI AR D EICHIAR @) R ICHI AR S
HTCHI R (F+RE) (TAANE VB | (FHREFTATNVE VE) ZN
OsDEILE (%) 77 74 200

®6 YTV OBRSER (1§5EH7Y) #90.3 8)

R1 BRERBROTFIRE

w5 % 153 3R (%) % L~V HAL [ppb)
D~YY=h— 77 - 1 2 3 4 5 6 7
it — 2 10 Cd, Pb, Tl 0 | 025 15 | 5 15 | 25 | 50
=AY —F 7 As 0 | 075 | 45 | 15 | 45 | 75 | 150
Y =AT 3 EFibsoxE | 0 | 15 ] 9 | 30 | 90 | 150 | 300
Ay 50— R 0.07
il 4 5 0.003
oy 7uoeEnrkiro—2 3



TR 7.

PR HE R I O 3
PIREHE G 2 K TLOORE M AR L, 1R O die i JEE
HIMIRA2%, HIR0.7% L 2% & 9 ITTHE L 72,

HERE DR BN

) TVa T ryareVIIEBET AT AIEEL
Y OWEREDARKFEZ =, ZNLSNDITE ORI E IR
WA A EHWRY . F72, Aul HglZ B W T
) —F = N—DHERIN TS 720, WO
EORIHEHFEHITT I ¥ 7 WO E %247 7-.

B R

SR EH TR ¥ TV O EMH S EEHY T D
HWEMEZ X, mmEsn-eEErEmLs (K3).
MR ORIL7-eEE L RSl TRBTAZ L
BTE, MIEIZI00%HZTH -7 (X4).

Z =

ICP-MST Ol %€ i #ift. % 17>, ICH Q3D#F A
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Summary

A mass spectrometer is a very useful tool in the component analysis, because it enables
structural elucidation or identification of unknown molecules, which is required for drug
development process. The liquid chromatograph time-of-flight mass spectrometry (LC-TOF/MS)
enables to effectively estimate the molecular structure by measuring the exact mass of molecule.
On the other hand, liquid chromatography tandem quadrupole mass spectrometry (LC-MS/
MS) enables to quantitatively determine trace amounts of specific compounds by their MS/MS
measurements.

The major theme in this study is quality assessment of the low-molecular-weight drugs, using
LC-TOEF/MS and LC-MS/MS. First, we performed the forced degradation study of prednisolone
valerate acetate (PVA) for the purpose of structural estimation. Second, the intracellular uptake
of paclitaxel was monitored for the purpose of micro-quantitative analysis. It was thus demonstrated
that the mass spectrometry analysis was useful for quality control of pharmaceutical products,

through the development of these analytical methods.
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F1. LC-TOF/MSHIFEICK ) HEINT=PVAZEEY
PDATO E— 7 HETELE (%)
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sio (i) | s12 (BHdE)

@ 1.41 P C21H2805  360.194 3.94 3.45

® 1.66 w1 C20H2604  330.183 1.15 2.62
(etienic acidD T £ #72)

® 2.02 (glyoxal A) C21H2604  342.183 3.40 2.69

@ 221 (acetal)/(hemiacetal) C23H3205  388.225 14.02 11.58

® 232 (acetal)/(hemiacetal) C23H3205  388.225 9.55 7.10

® 2.59 PV C26H3606  444.251 3.84 422

@ 3.38 PV(21) C26H3606 444,251 15.17 12.67

457 PVA C28H3807  486.261 48.11 53.67

1.74 FHEEY C24H3205  400.225 1.43
(BEREBLORIGERY?)

® ©mac RAMEEY C25H3605  416.256
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@ 400.225 / C24H3205
(P+ C3H4)

@ 416.256 /C25H3605
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Characterization of the NIST monoclonal antibody using liquid chromatography

time - of - flight mass spectrometry

Rieko KOJIMA, Hideo OGISO

WCAEEIRAMC B W TR I A FREGOWIZEHEIEATE Y, 5% F T TORENIRE
END. GhTHIRESRGE, BAT TICKEINTVULH0GED S B, #@PHIZ Z10ED
RICBZEEINTED, 2FICHEREIED SN TWDE I EDMHRE S, KIFZETIE, /N4 F RIS
BT 2 EINENEIESENS O /2= A2 RIEZ T, N FREMOFNHEME Yt ¥ —
CBWTHEYTAZEEHME L.

KR TIX, Wk u~< b7 77 - RITREBAVEESHEE (LC-TOF/MS) % MW CNISTmAb

(87 7 a—F VHUROEERE T RM8671) DN OGRS 247\, — 8O ILARN 2 AT T % fE 37
L7-.

Summary

The biopharmaceutical industry has increased significantly over recent years and is believed
to have great potential for further development. The majority of approved antibody drugs have
been developed in the last 10 years, suggesting the rapid growth of their development. In this
study, we aimed to establish the analytical methods of antibody drugs for technical support of
pharmaceutical companies in Toyama.

We investigated the analytical method of NISTmADb (standard monoclonal antibody RM8671)
using a liquid chromatograph / time-of-flight mass spectrometer (LC-TOF/MS) and established a

series of basic analytical methods.
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A)a—Ya BOHEANRT Mvhb, 4%
7+ ONISTmAbD X185 A e — 7 & LTIl &
n, % o9 HLGOF/GOF, GOF/GIF, GIF/GIF™ ® #l
AE DO TNEBESHSH SN2 DR Y X — Rl
THbIEeWnhrol: (RMIBRUEIDY -7 35

4057 MENPSHO N FYEE (Observed
Mass) &, WG EoFHEE (Theoretical
Mass) &10 DalNOFEEICNE > TED, BVWH=R
FETHETE I EPMRTE (K1), T
LTk & DS L 727 — & W ONTIRATRE S, S

7.9, 11). NISTmAb®%4T#1Z#150 kDaTd % A3, NTWwb7F—% (3) LF%ETHAHI LENMHRETET.
(A
£ .
S e — = e
0 2 4 6 8 10 12
Time (min)
(B) .
¥ GOF/GL1F
2
146000 146500 147000 147500 N‘;:E:SOB 148500 145000 149500 150000

X 1

LC-TOF/MS%Z{£>7=NISTmAb®D A1 > & 7 tE

(A) £ %2 INISTMADD F—¥ V44> 2 u< k75 A, 1 pg®ONISTmAbE 4 ¥ ¥ =2 hL, V=77 FJ Ty
NAEMELT - 72, il 5 2 :BioResolve RP mAb Polyphenyl 2.1x150 mm (Waterstk:) , ##i#IA : 0.1% Formic
acid, BEHIB : 0.1% Formic acid in acetonitrile.

(B) (A) 63 mindOHEME =2 273K 22— 3 VB L7Z0fliOEm AT Mv. 18D Y — 7 HEl iz,

&1. LC-TOF/MSZRWTAIE L7=NISTmAbDFIHEE

Poak# Proteoform Theareticall Observed| Relative
Mass (Dal | Mass (Dad abundance
1 GOF/Aglveosylated | 1465918 | 146592.2 [
2 G1F/Aglveosylated 1467540 [ 146759.5 t
3 | GZFiAglveosylated | 146916.1 ND -
I | GOF/GOF - 2GleNAe] 1476308 NI -
5] GOF/GOF - GleNAe 1478340 | 147837.3 mn
6 | GOF/GLE - GleNAc | 1479961 | 1479968 mn
i GOF/IGOF 1458037.2 | 148039.7 M
8 GOF/GOF + I 1481653 | 1481588 mn
1] GOFIGIF 1453199.3 | 148201.6 M
10 GOFIGIF + K 148327.5 | 148323.3 mn
11 G1F/IGIF 1458361.4 | 148363.5 M
12 GIFIGIF + K 145489.6 | 148487.3 mn
13 G1FIG2F 1458523.6 | 148525.4 mn
14 GIFIGLEF + 2K 1458617.8 ND -
15 G1F/G2F + K 14586518 ND -
16 G2F/G2EF 1486G85.7 | 148686.7 mn
17 2FG2F + Hex 148847.7 | 148845 .8 mn
18 G2F/G2F + 2Hex 1490100 | 1490040 t

ND: Not Detected, M: Major (>40% of maximum peak height),
mn: minor (3%—40% of maximum peak height), t: trace (<3% of maximum peak height)
Peak# XX IBIZ/R L7z ¥ — 7 FH5ITHYU T 5.
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