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Development of Design Space in Twin-screw Type Granulation
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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 around the world. The continuous
granulation system installed in our institute uses a twin-screw type granulation and a spiral
drying system, which is a different granulation mechanism from the fluidized-bed granulation
method that is commonly used in conventional batch manufacturing. To master formulation
development methods for continuous production and quality control methods using Process
Analytical Technology (PAT) in the future, it is necessary to recognize the differences between
granulation/drying methods used in continuous manufacturing and conventional methods and to
clarify formulation characteristics and parameters characteristic of continuous production.

In the present study, we investigated the development of a design space for the granulation
process using a twin-screw in a continuous granulation-drying system. As a result of creating
design spaces for two types of drying methods, it became clear that the response surface of tablet
properties and the degree of influence of manufacturing parameters were different between spiral
and fluidized bed drying. The validation experiments also established a design space in which
acetaminophen tablets that meet the target values can be designed.
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N) ZIMPIC X DPER L, KRIEFNE L 585 o
LaThERL: (Fig 1). TOME, itk L it
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BRMEIRTOAREERINT A= Lotz —TF,
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Table 1. [UARE ERBERZRICH T HREBEE (R OEEFE) CRAET—X

IR I
BT A — AT BT A— SeAImTE
Xé%g‘ WUAHIE | HTRIE | SRS | R zé%g‘ ke | FTROE | SAUREEE | SRR
(rpm) (%) (kN) (N) (sec) (rpm) (%) (kN) (N) (sec)
50 30 5 39.80 58.75 100 25 5 18.40 47.85
150 30 5 23.10 5345 50 20 15 47.05 36.34
100 25 5 21.80 5854 150 25 10 4240 40.88
150 25 10 39.95 4387 150 30 5 26.75 52.11
150 30 15 66.45 84.00 150 20 5 15.40 5381
50 25 10 50.00 54.56 100 25 15 54.60 38.62
150 20 15 49.70 45.08 50 25 10 41.05 47.17
100 20 10 36.25 48.02 150 30 15 67.95 42.89
100 25 10 45.00 51.02 50 20 5 16.60 60.12
150 20 5 15.25 51.62 150 20 15 49.25 36.85
100 25 10 53.25 46.70 50 30 15 70.35 46.00
50 20 5 15.25 52.53 100 25 10 39.55 39.14
50 20 15 51.30 4797 100 25 10 46.10 35.50
100 25 15 65.50 69.65 100 30 10 5245 46.74
50 30 15 86.55 95.27 100 20 10 3340 36.81
100 30 10 64.35 68.88 50 30 5 28.00 91.06
[URELIR
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Y LTSRE p<0.0001
2. 00KEIE  p<0.0001
|3 27)2-[EIEEE p=0.0006
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55
45 e A 45
g 36 .- ’ 36
= kS o0 —
= “3 g g
0 8 0
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FIEEI 5 a0 = 1 wn &
% 120 = % 140
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#*@r N 2 60 - '""ﬁw_\‘?‘“ #@@ru 0 - Iﬁ@‘ﬁ*\‘
Yoa e T T LmkEE p<0.0001 Yo e o LITRE p=00013 |
2. 3THRIE Pp=0.0002 C2.hkEIE S p=0.0248
3. 29Y2-[EERE p =0.009 3. 27Y2-EIHEH p=0.0261
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FE A EE(N) HAEEIRE I (sec)
[ER 40NDL_E 60 secPL T
a 481 46.7
b 49.3 50.5
c 46.8 45.0
d 49.3 57.7
e 43.3 435
f 436 515
g 431 49.0
h 50.4 421
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Analysis of blood concentrations of antibody drugs using LC-MS/MS

Takeharu MINAMITANI, Hiroe HONDA, Tsutomu YANAGIBASHI, Yasuharu WATANABE,

Rieko KOJIMA, Yukihiko AIKAWA and the Biological Analysis Group in Toyama
Pharmaceutical Research Association
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Summary

In recent years, research and development of biopharmaceuticals for the treatment and
prevention of various diseases has advanced. In the development of biopharmaceuticals and
biosimilars, it is important to accurately quantify blood concentrations and understand their in-
vivo kinetics, and until now, these have been measured mainly by ligand binding assay (RBA)
techniques. On the other hand, the selective reaction monitoring (SRM) method using a triple
quadrupole mass spectrometer (LC-MS/MS) has been attracting attention because of its greater
selectivity and larger dynamic range than the RBA approach. Therefore, in this paper, we report
on the activities of the Biological Analysis Group in Toyama Pharmaceutical Research Association
in 2022 aimed at acquiring techniques for measuring blood concentrations of antibody drugs using
LC-MS/MS. We learned the procedures for establishing the measurement method by selecting
the target peptides (surrogate peptides) to be measured, preparation methods for the samples, and
detailed examination of the measurement conditions. We believe that these studies help us gain
a deeper understanding of blood concentration measurement, which is crucial for the study and
development of biopharmaceuticals, and we would like to utilize the techniques and experience
acquired through this research to support companies in Toyama Prefecture.
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2, AR - BEMEOF 4T 72012, MR E
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UK PS8 0 oo I vh o 0, T 3RS A S0 W G
(ELISA) %oV v F&i4A (LBA) 12X bl
ENBI NS, LELEDS, A T4 F547
Pk EOREREO T VIRENLETH D LR, ¥
AFIv 2Ly Ik, W MR % R
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FIZEASURE, 4. PURDBIE D F 2 4 VICHRT X7
F FE2FFICHRE - €82 TX 5, Z2E0#E2»S, P
REESE SO M AP EE R e i & L C, = U s R o)
Brat (LCMS/MS) ZH W BIRRKIEE=%Y v 7

(Selected reaction monitoring, SRM) #ED# HMEA
HEHERTWS (1)

Z 2T, FHAEEOEYHS TIE LCMS/MS%
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1. ERALERFERER

K7 TIld, PURESESOFIE LT, VYyFI<T
D EHEER MR L2, YUY F <71, b b Bl
WaE T ICHEET 5 CD20 I2#54E3 A8 b CD20 it
KTHb, CD20 Btk B ffatEIER Y F ) o
JiE R S PIHIIREE T > CD20 Bk B Mtk > o
TVERBEIGER SR D, 72, Zodiikid~y Al
KThHHH, EHEHE L P [gG1 (FEH), Igk (%
) LBMLIC MY AFATHMATHY, 20
I FHETH L Z DM TH 5.

2. LC-MS/MS BY > 7IILOBIFERTALIE
VXTI TEREYYA, Flide M & RS
L, WEBEHEWE CTd 5% AR ILE 7 NIV ik
(SIL-Ab) (PROMISE Advanced Proteomics) %
5 ug/mL 2% 5 L)WMz, VY F I T OME

BE A% 0, 005 02, 05 10, 50, 100, 250, 50.0,
750, 1000 ug/mL 2% A X H B L 72 (i
10 BEAMCTMET 5720, BEMHD 10 AR TE
B, IS, ESZEESE G R s A pEgE T (AT %
BTN =T DGR (2) 125 B FRMFIHE -
T, 81 mmol/L Tris (2-carboxyethyl) phosphine
hydrochloride (TCEP) /K T 60°C, 30 4 &t
WLER % 47 v, 194 mmol/L Iodoacetamide (IAM) 7K
BHCCHDET, 37C, 30 4T OV F VAL A 4T o
7z, FDOt%, 310 ug/mL MY 7Y YIKIBEWIZTITC,
4 W HALAL B % 47y, Oasis HLB uElution plate

(Waters) # HHWTARTF FHERZT-72 (K1).
ZOH%, < AMEY Y T VIZOVTE, 01% ¥
B (FA) : 01% FA/100% 7+ b= k1)L (CAN)
=3:10®H%z, v MILEY > 72O TIE, 01%
FA : 01% FA/100% ACN=95:1 %~ H W T, &
BB 24T > 72,

AWFZETIE, WEEEWE E LT, REFMVAET X
VEN) Y Xy <7 (SIL-Ab) ZHw. ) rx
YR TIFMM S NYHRER W TH 5 720, SIL-Ab
WEATATIRETH %25, HUAREESE o BAFE 0 1 B
REIZBWTiE, SIL-Ab OFBUMERI A AR EL A
HIENWHETHL, ZoxkeE LT, BEMHILED
HILBRE: BE DR LEDHIE T E 2 VT IEEN LR &
%50, ar— MRTF RERERMEKT XV LT
HH L (SIL-peptide), WHBHEE#EWH & LM 2
ZEBERLNS.

miEER#  SIL-Ab .. . N
A: (IS-whole HAasyr—krRFFK Transition
+ N o

TrypsinfLi8

(ZELEBR)

B1. LC-MS/MSHEY > 7 I ORIERI LI

3. YOS — MTF NMEHDERE

LC-MS/MS % H\ 7= BRI EE I E Tld, SRM i
BT, S RICHEEN RN AL, ERfizi
WY 27-0ICMES -7y edsb, M) TFTY VT
YrEN7=R7F FThhrHusr— 7 F FDik
ENLETHL. T3, v AMGEAROLAE, Y
VE I TOEFHEBIZE P IgG1 (FEH), Igk (B
) THhorw, ZoOHEMICERETETHSL —F
T, b MIERBOSAIL, EWERTRmET o

REDXPNDONRL B blzd, L DEFERAEOEWE
WZERETAIENLELLRD., ZDD, D
Yity, WEHEIOMHE E AL (Complementarity-
determining regions; CDR) ®X7F N2 #3525 2
ENEFLWwEEZONS, YuFy— I XRTFFNIET
FEDOPIMAHEVERE L 72 (1).
O PitkomEG LB O T I BESIA 5 CDR #
W% & DR B A %1 (IMGT web site;
https://www.imgtorg/), ¥ ¥ 7 IVEILETO
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VOFITT BEH
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2. VY3 TE#H (A) E8#E (B) DT Hh—HY—1F>DTotal lon Intensity

MY T Y ALK > THEKT 5 X7 F NI
A %in silicoCFA9 % (Expasy PeptideMass
web site; https://web.expasy.org/peptide_
mass/).

@ LCMS/MS TDO 7V AFxx VMoo ¥ —
JEHRER T T T RA YT = a vy =%
(MASCOT software (Matrix Science)) % &
AR Z R ET 5.

@ EBZ SRM EIC X BT Z2IT> T3 MY v 2
AW ORI E NV & & 23l a
F—MRTF NERET 5.

Y, TIVBOY - R T IFT7 A T—V 3
Y ONE R M ENICHE S 2 ® I, LCMS/MS
(F—¥ b7 v 7HEESHE (nanoLC (AMR)
- Orbitrap Fusion Lumos Tribrid & # 4~ # &
(Thermo Fisher Scientific)) # W T7 WV A ¥ %

YT ORI E RN EAT Y, EHO T A —
¥ — 4 F @ Total Ion Intensity ® 275 7 &R L
72 (K2A). e MY a7y — b X7 F NEH
& B A T, m/z 59794 3T F K
ASGYTFTSYNMHWVK (pASG)  %m/z 1092.02:
2Mi » ~ 7 F F GLEWIGAIYPGNGDTSYNQK
(pGLE) #% It ¥ i % \» Total Ion Intensity % 7=
L, ¥~ AMEHRoasr— M7 F FEHE
7 BB HER TIE m/z 60334 3ffi o X T F R
VVSVLTVLHQDWLNGK (pVVS) ®m/z 559.94: 3
flio~~7F ¥ FNWYVDGVEVHNAK (pFNW) 75kt
Bz R L7z, —F, 2B IZRT X918, B
BHIZBWTW, b MEhoY Oy — FRTF N E
T & 70 AR TIE, m/z 803.89: 2flid T F K
FSGSGSGTSYSLTISR (pFSG) %°m/z 960.09: 3 i
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3. ¥O5'— MTF RMEHOTOZ I MM F 2 DE—Y

(pVEA) % It B 9 & \» Total Ion Intensity %
AL, T AMEROY Ty — X7 F N
L EEEB T, m/z 97351 21i O X T F K
TVAAPSVFIFPPSDEQLK (pTVA) 2%kt ¥ 1 &
WEZER L2, RIS, SThhon 7)) h—%—A %>
D MS/MS 797 Ay 5r—Yarygo7ay 7 b
A F D=2 F—%%K3AG IZmRLZ O %
EDTFTTAY M FUPRBEBEINRTHWS
L, @ RTFFEF 10 HiETHLIED 2 KL
BE (1) WL 2%, R3AD pASG X 3C

@D pVVS DM L7200, 7 AlMEHh Y ¥~
7 ® il % Tt pVVS (VVSVLTVLHQDWLNGK),
vt MR Y Y F Y 7 ol E T ix pASG
(ASGYTFTSYNMHWVK) %% 15— b XRTFF
fEfli e LCREE Lz (X 4).

4. LC, B&LUMS DRIESMHED®E

LC-MS/MS (= Y FE M & 5875 (Xevo TQ-XS,
ACQUITY UPLC H-Class (Waters))) %z T4
a2 1T\, usr— s RTF N EHESRTOMAS



>Rituximab heavy chain chimeric

8 [QVaLOQPGAELVKPGASVKMSCK o aIa i D N s TPGRGLEWIGAIYPGNGDTSYNG)
(¥ AHE) KFKGKATLTADKSSSTAYMQLSSLTSEDSAVYYCARSTYYGGDWYFNV

WGAGTTVTVSAASTRGPSVFPLAPSSKSTSGG TAALGCLIVKDYFPEPVTVSWNSGALTSGVHT |
FPAVLQSSGLYSLSSVWTVPSSSLGTQTYICNVNHKPSNTKVDKKAEPKSCDKTHTCPPCPAPE
EW M LLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY
(EFEE) INnsTY RIS RANEERIINEL £ YKCKVSNKALPAPIEKTISKAKGQPREPQVY TLPPSRDELTK
NQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT TPPVLDSDGSFFLYSKLTVDKSRWQQGNVF
ISCSVMHFAI HNHYTOQKSI S| SPGK

>Rituximab light chain chimeric

Al ZE4EE QIVLSQSPAILSASPGEKVTMTCRASSSVSYIHWFQQKPGSSPKPWIYATSNLASGVPVRFSGS
(¥ AH3) GSGTSYSLTISR VEAEDAATYYCQQWTSNPPTFGGGTKLEIK

EW S RTVAAPSVFIFPPSDEQLKSG TASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKD
(EFEI3E) BTYSLSSTLTL SKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

CDR #8158
— < o A o R EERISE R (pVVS SE % fR )
E b o R I SE A (pASG AT ZE $R )

4. )Y TOF7 I/ BENEY QT — MRTF NEH

LC¥i& : ACQUITY UPLC H-Class (Waters)

H5L:ACQUITY UPLC Peptide BEH C18 Column, 1.7um,
300A (1 mm x 150 mm) (Waters)

MS#E i : Xeno TQ-XS (Waters)

T AREEH (PVVS)
¢ LCEH# & MSEH
« FEENHEA:0.1% FA + Splay voltage: 3 kV
- #E)4EB:0.1% FA/100% ACN
- FIUTUb Transition 1: pVVS
0-8 min:25-40%B » Cone voltage: 30V
8-8.5 min:40-90% B + Collision energy: 16V
8.5-10 min:90% B » Transitions : Q1(m/z)>Q3(m/z)
10-10.5 min:90-25% B 603.3>805.4
10.5-15 min:25% B
+ JFEE: 100 pL/min Transition 2: 1S—whole mAb
- hSLRE:55 °C - Cone voltage: 30V
- EAR:10uUL - Collision energy: 16V
* Transitions: Q1(m/z)>Q3(m/z)
606>809.4
E~IE S H (PASG)
* LCEH * MS&EH
- BEEA:0.1% FA - Splay voltage: 3 kV
-+ #1H48B:0.1% FA/100% ACN
- TITUIUR Transition 1: ASG peptide
0-8 min: 15-40%B » Cone voltage: 30V
8-8.5 min:40-90% B « Collision energy: 16V
8.5-10 min:90% B + Transitions : Q1(m/z)>Q3(m/z)
10-10.5 min:90-15% B 598.3>817.9
10.5-15 min: 15% B
100 pL/min Transition 2: 1S—whole mAb
- hILIRE:55°C + Cone voltage: 30 V
« GEASE:40 UL + Collision energy: 16 V
+ Transitions : Q1(m/z)>Q3(m/z)
601>821.9

& 5. LC-MS/MSIC & B! Y 7 7 RERNEDRESRMSE




bEEgE L7 (K5). WEIC MY v 7 ARG DS
WELLZWIEEHERAL, Yar— s R7F FEM4
TRLIEARTF NIZRE L.

Hay— bRTF FOREICONT, AWETIE7
VAR v VR R D O E L7225, BIHCEK (2),
(3) LH—DOXTF FHEE SN,

5. YUAME, H&VEk MEZAVWIREROIER
MELLEYBY = MRTFFEHVTYY 2 (K
6A) BLUe b (M6B) ILiFEHOY Y F <7
I E oM %2 05, 1.0, 50, 100, 50.0, 100.0,
2500, 5000, 7500 # X OF 10000 pug/mL THEK L
72, < AME T 05-1000 pg/mL, b hILE Tl
1.0-1000 pg/mLO#PT 1/X2 OFEAIT T r>0.99
DMEMEERTE, HFL4O 70y POEEN
20%LLNTH o7z, 2O ENS, MiEF1lul ZHW
T, Y7 ATIE 05 png/mL, & FTix 1.0 pg/mL D
PR (LLOQ) TIENEDRETH - 7-.
Aifgeclx, &ILREFRETERE Y ¥ -2k
B SN 2E Z VT, LC-MS/MSO 8 41 % Wi
L, w#fbEiTo72. So5ME, 5 (2), (3)

A K RERER

y = 0.0336193x - 0.0136659
r=0.993224
Weighting: 1/x*

Response

 EE@gmy

DEME—FHTHHDOTIERL, HHTLHEEICBY
TBILEITO BEYPH L LRI, 72,
b MiERD ) v F < 7T OMEICONT, §IHCHR
(3) 2B W TidPeptide Adsorption-Controlled (PAC)-
LC O%EHWZHMEREH VA I ET, 7LD
MEBEHEADRT T KO & b W E R DK%
HLEXEsZEI2EILTVE, KifETHR A 131
Y7 T OHBRNS ZORERHATE R»o72h, Hr
TN EBEBERIEEE LC OF Yy MNElBEO T
L h= M) VBEEZRELT L ET, HELLE
LLOQ 27 V) 73 AKEZMHAZ LITKII LA L
WULBRDS, FUBENCRERZELLZZE2S, &
#13 PAC-LC Y AT 2 DEAIZOWT AT L TWw
X720,

6. LC-MS/MS, XUV ELISA ZAEWEDYES
Y THRET ) AQmAEERE

T ADRERLY, VyFRITE 50 2
150 ug 5L, 0, 2, 5, 24, 728 X O°19205 [ 4
W2 20 pLax RBERIM L (K 7A), MmiEh) vy~
TR LC-MS/MS ZHWCllEL7 (M7B). ¥

B EbmHRERER

y = 0.069488x - 0.028874

r=0.998935

Weighting: 1/x2
&
£
2
w
@
['4

Canc
xx 300 500 0 80 f00 3
RE (ng/ml)

& 6. VY F v T MiEREDIRER

A

Balb c/A9 #H%, AR, n=20r3

i,

JEiR i, o ER e
(20 pL FE)
150, 50 pg V¥ T ‘,
in 100 pL £ EAEK

0,2,524
—

72,192 h

545 b

LC-MS/MS T3 (3% 1 pL)
\_ ELISA THE (MAHR) /

200 LC-MS/MS
= & 50g (n=3)
& - 150 .h\.\ & 150 pg (n=2)
E L
23 \’\1\.
x50 ®—g
o ‘Q————.__\_'
U= T /T T 1
02 5 24 72 192
H5HE (M) 50 ug: Mean £ 5D
150 pg: Mean
(o ELISA
150
= \ ® 09 (=3
150 g (n=
& 5 100 = 150 g (n=2)
3 \\5—\.
>
-
= 50
g k_._
EN \.\Q\.
0 -~ U 1 ]
02 5 24 72 192
S5 (M) 50 ug: Mean £ SD
150 pg: Mean

7. ¥ AD V)Y F 3T IFIREHRE



72, A T4 A5 A Tk E W2 IR ELISA kit
(Aybay ImmunoGuide Rituximab ELISA (mAb-
based)) 12XV, MFEHh Y Y F o~ TEEZNEL
(F7C), MREIBMET LA ZoR, miEHh
)Y F < T OWEEHER X R EEOMEIN AR STz,
DO EMNS, KWFETHENL L7 LC-MS/MS % Hw
)Y FR U TBENEEORL R IRT ZENTE
72EEZTWS,

AIFZETiE, LC-MS/MS ToOHlEREF1E, ELISA
TOWMEAER L FMEOMPREHER 2R L7272 Th
<, MHBREMSFEMOMETH 7. LEr LD S,
LC-MS/MS TO#lEX, asr— sXRTF FOREE
HERTHY, ELISA TOMER, A 71454
THARDHE G T IO TF FET TR, kbt
KSR B EWHEE T T2 E LIRS oA BH
TEHERTHAHZ b, WEMEIENDAE L 5T EENE:
WHHIEIEEPLETHLEEZOLNS.

FEH

PURERSESE, & Y32 - TH D DU EARNICE
WTIEHC E LTHMEINR T oz, 72, i
HO: LTHRESN, I o725, C
D ENS, BB LR EICBWTHNY - et
DOFHi 2479 7212, MhREZ IEfMICER L, Ak
WTOBREZITRT S Z L IZIEFHICEETH L. FH
4 SEBEOEYHEATIE, MAPREEIZICOWTOM
IRERER RO DFNTE. S8, AfRohTh
B N7 AR AR T A R SIS L, DUk
72T, ¥ ORI HRARRTF FERIE O
FEHE B A MERICIE L, & IR N SESE O S3R
BT nweEZ TS,

BEXHR

1) FEIFR0EE, MSmeHEs, RS, ik 2, 6/
W, BREEHET, W, W ux NI T7 10—
B REGNT R FUH L 72 PUARIEE S8 i o) It Fp 5 W i
Bl . CHROMATOGRAPHY. 7 ua=<x 279
7 4 — R4 2018 Feb 20:39(1): 7 -19.

2) Hashii N, Tousaka Y, Arai K, Goda R, Inoue
N, Murata K, et al. Generic MS-based method
for the bioanalysis of therapeutic monoclonal
antibodies in nonclinical studies. Bioanalysis;
2020 Feb;12(4 ):231-43.

3) Hashii N, Tousaka Y, Arai K, Enoki Y,
Fukuda S, Goda R, et al. Bioanalysis of

therapeutic monoclonal antibody by peptide
adsorption-controlled LC-MS. Bioanalysis; 2021
Feb;13(4 ):265-76.
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An LC-MS/MS Method for Quantitative Determination of ten nitrosoamines
in pharmaceutical compounds.

Tetsuya YONEDA, Nobuyuki TAKAYAMA, Masaru OGASAWARA,
The Chemical Analysis Study Group in Toyama Pharmaceutical Research Association

=

Z YT IR BWEPANEETLEEZLNTVS.

PTAR, PR REA IR B

BUEO= by 7 I VEPBRINESN S EBISMKRE, B TEEGOBERN bz B
o= bav 7 I VHOERSITTELZHELT 52 L1, BEEGOLEEZHRT 2720123k

HWIZEETH .

AWfFETlE, LCMS/MSZ HWTI0ME o= tay 7 I VHO—FoMikokE s Hig LR %

1To7-.
DTN,

ZOFER, 05 ~ 10 ng / mLOMEEHPHIZB W T,

PERE (R?) > 09980 FLAF 70 1 ik

72, 2RO BEESBEAGWIZOVWT, = ey 7 I VRSB S whoir &

fTofz. RoHiZBwTid, Bl Ro= oy 7 I VIR S aho 7.

Summary

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

detection of nitrosoamines.

In this study, an LC-MS/MS method was validated for the quantitative detection of ten
nitrosoamines. Good linearity with a correlation coefficient (R?) > 0.998 was achieved at the

concentration range of 0.5-10 ng/mL.

By this method, we analyzed twelve kinds of commercially available chemical reagents, which
are also used for pharmaceutical compounds, but nitrosamines were not detected.

F—J—R:EEY —btavrIv, wikra< brS 7EEGNE
Key words : drug, Nitrosoamine, Liquid Chromatograph - Mass Spectrometry

L]

il

—hayTIvHEETI VI havER oS
MORHTH Y, W POEPAMEEL TSI L
AHSN TS Y BRI 2 B PEAHY O FFA
O EZEOICHMT7 Tk, 79421 (BEAIOZE
RFEHRPAWE) [THEHENTVWS Y,

20184E 6 HIZNVH V& VEFIZBWT, = hay
TIVHOLIMTHAN-Z IO I XAF LT I (U
TFTNDMA) a2 2k, 5=
YRANMKVI VR ERRARBHNS L= R YT 3
VHEMPBE N, RIEIE SO BT b
SIWoOPE, = bhua Y7 I VEIFEAISREALZ2W
IO LR EHASRO SN TEBY, FOFAEIE
X, 41 34E10H 8 HIFDESHA L 0@ TEL O
EBORENTNSY,

WEAEFE 1L, %+ ¥ ¥ —DLC-MS/MS%E W, 6
o= ey 7 I8 (NDMA, NDEA, NMBA,

NDBA, NEIPA, NDIPA) ®—F5H D5 50
WS HAT - 7219, SRR, WRAEEERESE L2 4
o= ray 73 (NMPA, MeNP, NMOR,
NDPA) %ML, 10 O=T+ua v 7 I YHO—FF
SHTEORE 24T o 72, S 512, 12FE%H o P35 BE
ILEWIZONWT, = bay 7 VEIGENL TV RW
PoMEAT 72D T, DTFIZEONEZHIET 5.

*F1. ZhOVF7IVEO—HYEYOHFRERE

=tV TIVH AP IR (ng H)
NDMA 96.0
NDEA 265
NMBA 96.0
NMPA 34.3
NEIPA 26.5
NDIPA 265
MeNP 265
NDBA 265
NMOR 127




HEHERVOER LC-MS/MSH#i &tk

LC&M
© =rvav7 I YEHOGHRNORELL (MRMS $ : ACQUITY UPLC H-Class PLUS ¥ A 7 A
D EAL) 75 2 5 ACQUITY UPLC HSS T 3, 1.8 um, 3.0
—tuvy 7 IVHEOSH AT ) L CRE % x 100 mm
MRM&: 1 O ¥l (% a# 7Z& [conel K T [collision AT A 40 T
energy ] OPIE) w47 -72. [conel KO [collision FAE 10l
energy] DEZZHL, XD IKENEL OGN TE i 05 mL/min
HEOMAE DR ZPE LT BEHIA - 0.1 % T EEKER
MAasbEoguE ki, mlshiz=ruvy 7y BEHB : 01 %¥MHBA Y/ —)
IVHOE - BENRDBRKEVD OPKEN L VAV (o
WeEZ, U= EENRDEL %5 [conel K 0~05% (A) 95 % (B) 5%
N [collision energy | OfAGHLEE L7z, T/, 05~10% (A) %5 % —=5% (B) 5% — 95 %

Sl —F oo RET A= bay T I VHHIE H
APLEMADSHLH L Tw s 9fiE ICNDPAZ BN L MS&A:

TRHOME & L7z, B Xevo TQ-XS% » 7 4 WU H A AV & 7541 51
A4 4tE— F : APCI
—ha V7 I OB Voltages
0= bto7 I VEESEE®R (2 ug/mL mode : current
Methanol Solution) [&4:7 4 v AFDLGHESE] corona : 1.0 [uA]
cone : 25 [V]
o HE VA O i S Gas Flow
10fi= o7 I VHEAEE®R (2 ug/mL) % desolvation : 800 [L/hr]
1 mLEFHEK]T mLeRE LEEREZER (1 cone : 150 [L/hr]
wg/mL) . OFEHEEE &2 KK CTAML, R nebulizer : 4.0 [Bar]
Wa AL 7. APCI probe temp : 450C

SRS L 22 TRt e B, K1 ok
IO = ba Y7 I VEHTRTOS T 5 2
LR L 7.

| NDPA
MEIPA o
i NDBA

NDEA

F1. —dOvF7IVE (1088 oTIcCyav hiS A



®2. MRM&fH4 x4 AETOEERREECSYH -8

RT Cone | Collision a4 ()
SPE | (min) e V) | (eV) No.l ARy (590
MeNP | 10 1301 | 577 10 15 o Rt el
NDMA | 22 751 | 580 30 10 No2 ANNFN S > (>980%)
NMOR | 31 1171 | 863 30 10 No.3 JULAF LDy T (>96.0%)
NMBA 3.6 147.1 1171 10 5 No4 INZF Y (>980%)
NDEA | 5.1 1032 | 749 30 10 P o
NEIPA | 63 | 1172 | 749 | 20 10 No VREFY T (>980%)
NDIPA 73 1312 891 20 20 NO.6 7Tz :\" VAV ﬂ' v \/fﬂﬁgfﬁ (>980%)
NMPA 75 137.1 66.1 30 10 No.7 ANE ) FHFI L (>980%)
NDPA 78 131.1 89.2 30 10 Nod |Zul7==53Irv<lLAyEE (>99.0%)
NDBA | 95 | 1992 | o7l | 30 | 10 NoJ NUATF UL R (>980%)
" ., No.10 FEEFTER (>980%)
@ EHEORERD ‘ o No.l1 L FOFy 7ot a—2
10M= ko7 3 MRBEHERES S 05 1. [y s
25, 5,10 ng/mL) FREL L, W S O 1E M % 1
L7 e ] s
L SRR 2D

R A2 300 mgED, 2¥ /7 —N1 mL, KK
K9 mLz AN, @EKUEEZ3051T9. D%,
Iy RYF2—=TIZANT, 12000 rpm Tra-[55 i

*3. —hOVF7ZIVE (101858 OEHKE
(0.5 ng/mL ~ 10 ng/mL)

sample o £475. SOLMET AV E —HHBL, REHEILE
MeNP R* = 10000 L7 (30 mg/mL) .

NDMA R2 = 09986

NMOR R* = 09995 Noll (b FEy7a¥rtno—2) RO
NMBA R* = 09985 Nol2 (b FEFYIFltla—2) I2onTid,
NDEA | R = 100K WK R M A 2 & 7V IRICIH £ 2 MR A5 S L7z,
NEIPA | RF = 09999 foT, WEAL=FEY T I VEEMBT 2 S
NDIPA | R* = L0000 EARBETH o 72720, FROFEFEDILEL
NMPA R? = 09999 -

NDPA R2 = 09998

NDBA R2Z = 09999 SR B2

REAH 15g ZEY, A% —)L10 mL%& AR,

=i

i e
05~10 ng/mLOEEOIMEO =tV 7 I~
BEEREIZ BT, TXRTORG THRERT R? =
0998 UL o BRiFZREMENE LN (K3) .
- T, 05~10 ng/mLOIEEIZB W TI0FEE O =
FavT IV, ALY ERDPAETD
5.

@ EESBEALEWIZOWTOHHT
IR DB IMENEBIRESE L 72 i o 50 &1
ZHWT, W eRE L vERGEELE o7
V= EfTot. TOfREED LI, RFEEL
THEADSTIRECTd 5 R M B a1 2504 & = O
(F£4), = bav7IVEIPGINTO RV HK
HEATo 7.

A LB %2 3050479 . DA 4,000 rpm T
SEEERAT). SOl 1 mLEIEMEICED, REK
9 mLEANTHR Colz74V5—2HL
AW E L7z (15 mg/mL) .

AKoHr i, WoE 4 o RO EE (1502 U730
mg/mL) LB EEFNLWEErS L=y
7 I VHOBEE (HBng/mL) PRKELSRLDLHST
W5 ZERD, FHETICHPLCZ v Ca R i o fift
REFTo Tz, TOEREZ D LI, REHERF O EK
= by 7 I VEHOBREHES T VD DIZDWn
T, BEEAOMEIOEREIREL 52528950,
SFTdtTb ol (35, #6) .



x5, —bhOVT7IVEEEESEECSMOB LR
[MenP] |NDMA] |NMOR] |NmBA| |NDEA] |NIPEA] |NDIPA] |NMPA| [NDPA] [NDBA
1| AbaRILE, 106 | 22 3.0 3.6 5.1 6.3 73 15 7.8 9.5
2 | A LS 0.95 22 3.0 3.6 5.1 6.3 1.3 1.5 7.8 [9.2
3 [ randissy 0.95 22 30 36 5.1 6.3 (7.0 9.5
1 (TRARF 0.95 22 3.0 3.6 5.1 6.3 73 1.5 7.8 9.6
5 |LReFys 0.95 22 3.0 36 5.1 6.3 73 15 78 |a7
6 | FoFVit i 0.95 22 3.0 3.6 5.1 63 [7.3 9.5
7 |AES YRS 0.95 2.2 3.0 3.6 5.4 7.3 1.5 7.8 9.5
8 |ONTI=73 0.95 2.2 3.0 36 54 73 15 7.8 9.5
9 (PUATF 0.95 2.2 3.0 3.6 5.1 6.3 6.8 9.5
10| FOFAR 0.95 22 30 36 (44 6.3 Jpd 15 18 95
EFAFLIOE L
L it 0.95 22 30 36 5.1 6.3 73 15 18 95
(= =EF & TR
12| nez 0.95 2.2 3.0 3.6 5.1 6.3 73 15 7.8 9.5
*6. AthzfTo>2=bOVT7IVE—E (O AFEN, X :AESRH)
MeNP [ NDMA |NMOR [NMBA | NDEA |NEIPA | NDIPA| NMPA | NDPA | NDBA E . -
1 | AbfRALE X 0] O 0 o} 0 8] (o] 0] O 9
2 (fARYLT 0 8] O 0 o} 0 8] (o] 0] X 9
3 (yanaxiy | O 0] O 0] O 0 X X x 0 7
4 |TARRFS 0 0 0 o] o] 0 o] o] o] X 9
5 | LAEFUS, 0 0] O 0] O 0 0] O o] X 9
6 | 7z¥vIxton| O 0 ¢] 0 o] 0 X X X 0 7
7T(HAREIEYS | O 0 0 0 b X 0 (0] 0 o] 8
8 |yaLIz=3z»| O 0] O 0] x x 0] O 0] 0 8
9 [MIATF 0 0] O 0] O 0 X X X 0 7
10| FOFLEF 0 ®] (o] 0 b 0 #] O 0] 0 9
[SN=ESF [T
1 EMO—Z 0 8] O 0 o} 0 8] (o] 0 O 10
eFOXSITFN
12 EAO—Z 0 (o] O O O 0 @] O 0] O 10
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10O =ba V7 I vHE2 AN TED
X, Noll, Nol2THh o7z LHLAiAS, il
L THEO=  a YT I VEIZOWT, —HON
MU FETH o 7z, DHORER, S WflE %17 - 7212
FEF O S BEELE A 5 1%, BElxRo= o
VT I VEIImEE N R o 7

i)

Lt v ¥ —DOLC-MS/MS%E VT, 10O = o
VT I VHO—F O EOME 21T o 72 ZORE,
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Fa vy T I VEO—FONBWEEE o7z, BB
WEREZDBMEH» ST ¥ 75— F &7, 12FF O KK

an B LA 2 e L, SRS L 7200 St
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The tests of elemental impurities for cutaneous drugs using inductivity
coupled plasma mass spectrometry

Nobuyuki TAKAYAMA, Tetsuya YONEDA, Masaru OGASAWARA,
The Chemical Analysis Study Group in Toyama Pharmaceutical Research Association

L3 )

B N IE H ARG H121E, JTeEAMRERE <2.66> 1242 5 BAE IS HE - THE 8K % &4
5 BEORBAEINCE D AT N TS, 20224 4 H26H, EIHEGHEHBAER S (ICH) 2BV T
FRRE W AN BT 2 TCEAMY O REEMES 25508 Sz, bASETIE, 20244E 2 H 1 HELREICH
iH SN DIEIESIIH LT, IR RBREAEH SN D 2 & ol AMETIE, BRI
AL U CHREA M OIEAA 2 v, SCRARYREREICH - 2250 B ETE 5 & 5 RBRENo
RS2 AT o 72, WEANL, BITEHONWHNZ XY v FRAOTETHNT S ERTRETH - 72.
WAL, AREATEOLFRRICEA 2 BA T2 HETHREINTEY, ZFHERICIEE  OERYE
PEENTWE0, 7 v bKEBRE V0B TEICOVTOME 2T 72 IM#ENCBIT 5%
IENGRER TUE, BN 295~107% & 72 0, #AEEHETH 570~150%% + 5120723 2 & 3R
T&72 7 oAbKRERE VL EBRTIE, 17 v ALREBREICICP-MS®D /S = % g % MLE)S
HY, 7K EBREARTIE, BEREURTUEEREMET T2 EPMONT VWS, ZD7:
B, WHRBIOT7 vALKEREARICBUT B RELZLDOERIZOTHIET 5.

Summary

The Japanese Pharmacopoeia 18th edition has contained the general rules that drugs should be
appropriately controlled within the acceptable limits in accordance with the elemental impurity
test method<<2.66>. At the International Council for Harmonization for Pharmaceuticals (ICH),
the elemental impurity limits for cutaneous drugs were established. In Japan, new drugs which
are applied for sell after February 1, 2024, are required to pass the elemental impurity tests.
In this study, the ointments and patches were used as cutaneous drugs, and test methods were
constructed so that the analysis can be performed in accordance with the elemental impurity
test methods. The ointments could be analyzed by general methods such as oral preparations.
Since the patch is manufactured by applying formulation to supports such as a nonwoven fabric,
and the supports contain many inorganic substances, a decomposition method using hydrofluoric
acid was also investigated. In the spike recovery tests of the patch, the recovery rate was
95~107%, it met the criteria of 70~150%. In the experimental systems using hydrofluoric acid, it
is necessary to replace the ICP-MS parts for hydrofluoric acid resistance, and it is known that the
measurement sensitivity of the hydrofluoric acid introduction system is lower than that of the
normal system. Therefore, we also report the difference in the sensitivity change in the normal
system and the hydrofluoric acid introduction system.

F—T— I AL, TERAH, ST T X TR,

Key words : Cutaneous drugs , impurity elements, inductivity coupled plasma mass spectrometry,
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SRR DTN A L,

&, BEENTETIEIOHETE T,

RN D 7 v bk
LTI D I EDh o TWAD. AKfge
T, 7 v bKREREZ 7] 0 7581 )5 1 % W ST

V‘if;,

7 ALKFEER O T IO D E LT
ThY, FHEBEBO—HZM 7 v ALKEREOEMLIC
T B 7L, 7/wmfmaﬂmbtﬁw&‘ﬁx

L7, vy FOMENLETH L. AR TR
72, WHHORE SF, 7 oAbk E A0 BRI 2 B 2 4T oV T b BT
PO, BEERICBI 5 LERLE 5.
®1. BWHIORSEBOHI BTETHUHTRRE B (ug/day)
7oA | ik ST B VESTH] WA A

Cd 5 2 3 20

] Pb 5 5 5 50

As 15 15 2 30

Hg 30 1 30

Co 50 3 50

2A A% 100 10 1 100

Ni 200 20 6 200
BITE YUz 7, WAL S A5 O % W L C

S OBEHEH L 723D W T REICR T (&
2). b, WiHENE, SRR EAERIRSEEHT S
BHITHR ENED, Z0b, REICHEL, AMEKIC
WX E N5 DIFHAER G DA TH S, Z D72, AWK
FHZBWVTIE, WA OICEAT IR E % i 5 2

& 7

WET 52 LIIHETH 2720, WifdH] Gk + 3
A &SRO R DEZ ) A4 IHE L, M H ok
FE7 O SRR DIRIE 2 A L TR 2 L2 - 72
(X1).

x2. AERH
7 T
R R IN
R T HRE D (BREEN /)
L/ THRE @ (MR B 8 9 B EE)
L/ T HRE R (BREEN 7))
Wit | SCRHE
WiAEA) | SRR + 5
BAEAD | SERRAR R R I GERER

WH| + ZHE

X1.

B
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2. BEBARDAH

FE R WU OPDEAE L 30 TRl S 72 A 5
(. 3) ZHWT, FEEZWINBA T o FF4 i
SIS JMAEEE L, 0] (LL1) ,05] (L

N2), 1] (LXRW3) ,15] (LRV4) #&
AHOREL B L IRREL (R 4), HiRElT-
72, BEOIRMIREE L, N84 %, HER1A4 %L b X
IR 72

&3 RERBROEREHEMR
AR S (SPEX ) #fit# (ug/mL = ppm)
As 30
_ Cd 20
77 A1

XSTC-4210 = >

(MATRIX: 5% HNO3) Pb 20

N 100

77 A2A Co 50

Ni 200

®4. FEBRRODERRE
_ . B L~V B (ng/mL = ppb)
e TH
0J(L L) 05](L L 2) LOJ(L~L3) L5](L)v4)

As 0 3 6 9
. Cd 0 2 4 6
Hg 0 3 6 9
Pb 0 5 10 15
\ 0 10 20 30
2A Co 0 5 10 15
Ni 0 20 40 60

3. AIERHORNIE (¥4 7 OKRREE)
3-1. &EHI

A 7 PRI 501 gm D & ), B
7K12.0 mL, 35 %3EE2.0 mL, 70 %A5EE6.0 mL%& Il 2.,
TROFHT~A 7 alnhzd Lz, Witk Bk
THML, 50 mLE L7z,

O~ A 7 a o4t
1. 350 W15~ A 7 v kgt
2. 1557HIT700 WE T~ A 7 ol E5
3. 700 W05~ 4 7 v i G
4. 50 CETHH (K3055H)

3-2. BhfH

~ A 7 u P RAER IS AI0L g HHRAR007 g
AR MICEDY &0, EHK120 mL, 35 %¥E 2.0
mL, 70 %M5EE6.0 mL, 50 %7 v {L/K#FE05 mL% i

A, WEAEFE—FHT~A 7 adinfiz Lz, wH
%, HHAKTHRL, 50 mLE L7z 72, @hnmEix
RERE LT, WTHI0.] gl miiEED»10JE % B XD
WC10f5 AR L 7B 5 2100 Lz, [ARICHRE %
117z,

4. NIZEBRDFAR

WELHEJEG (3R5) 2 EHMAKTI0RAML, Mo
AR EES 4 %, HHER1A4 %E 725 X HIZHREL
7z.

&®5. MIRERBROEREMEM

SRITHE = (ppb)
Te 25,000
Sc 10,000
Ge, In, Lu, Bi 5,000




5. BREER

SR OGREMEICB T, REH, MHE I,
B R RE D 2 ENTE, BLIREE2HHT
&7z WREA] BSAENCE EN L ICEASMMILEE6. 7
WRL7ZE) THD.

AN BT, Ao 0, IEAH OB E 2
LXFHROREZZELGI 2T, WANIBIT HHE
ZEHIE LT A, S EEE I H w2 RNE, Ak,
147201147 gTH Y, 209 HL#EANLX10.07 g (5
FFNCxT L T88%), XHpkixld g (EFF#IICH LT
12%) THhbH. K¥Ercid, TFNHL1 gbzh o
GEICHE AR D, LFR012 ¢ BEFHAI 1 gloxd
LTl12%) $H7-0 O&micERELZHE L. O
1, BH088 g (HEAFHI 1 gloxh L T88%) H7zh »

SEITHEREEZRT -0, KT, BH1 gb-h o
GIRTCHTIRIE L 72 B L ) BB %47 5 72,
CORER, BEAFH] B VSRR TR Cont S K R &
N7zhs, BAFORBEIIBD TV EARIE I
7z. Cold, CFHMRIZH W &N A LS & ki 2 3 5%
FTHBEOMEEE LTIRKHAHEINLEBILETH D,
% L OEERTHITEEDOCon M SN B WD D 5.
ABEHS THOW 2B T, 20 k9 S ke
DOEFBICEPM SN HES, BAVOERICRE
BE & AT & B HICBWT, B H o TeFEAR 55 Hr
WKEHTH 5.
F72MEIIGRERO# R (& 8) 122w Th, %
SI/ICFE O ILHIZI00 %I HETH D, AT X
D, KB, MNFNE L 20N TR T A 7.

®6. WEHOAERR HA (ppb =ng/s)

TLH % Co Ni As Cd Hg Pb
SEDE 47 0 7 6 0 2 5
B D 97 0 60 16 0 15 16
) 50 0 31 18 0 8 10
R I3 93 0 91 22 1 2 18
R 100000 | 5000 | 20000 | 3000 2,000 3,000 5,000
®1. MMARIOAERER I (opb =ng/g)
ILHR \Y Co Ni As Cd Hg Pb
LK 24 275384 05 705 20 15 1446
B 0 3005.7 114 168 14 00 296
ﬂﬁggggﬁgﬁﬁ 03 3556 114 82 12 02 119
(1g%f§2§§) 03 4050 130 94 13 02 136
HE R 100000 | 5000 | 20000 | 3000 2,000 3,000 5,000
8. ANINEIYNEGERAER

iR v Co Ni As cd Hg Pb
A 195 105 379 64 11 6.1 104
Rl 2. 100 100 60 10 60 100
L (%) 97 105 % 107 102 101 104

6. 7 vLKREBEARDMRE

REEHIBWT, WEFNZIUVEN 26 - 53R,
HEAFANEAE IR - ERRIC 7 v ALKERZINZ 727 v LK
FEA RO TR E AT - 72, WEMIZT
HONDHEROEZ KT 5720, BEER (L

3 :10]) OMERBEEZILK L2 S, il - R
FREHBLT, 7 vAbKERE AR TICP-MSO il &
EEOKTAR SN (K2).

ICP-MSIx, #BfBERE A7 74— T a v
EL, CHEGHEBENLEATIREE o TH



0, MK BEEICRE CEBEIND Z LA
LNTWa. 7 v LKRKRREAZRD G EFICHBNT
&, 7 ALKREERDS T T AR EEIBET S 720, ICP-
MSOFRFHE AT 2 B D L D9 St 7 v AbKERE
W OEEY OLOIEETLZLERHL. LirLe
5, W7 vALKEBREOA T T4 F—1TaEHE LI
WL CHEBENEL, SIS ) EREIMET L
bnLEZOND.

800,000

B, I - WERR & R L TSR L2
bOD, 7 vALKFEBEARTHE LG 0 KIT
FoMFE R LT, s RcE ¢15,000
~360,000 cps, WIE# L L CTHW 5 IL#E T6,800~
270,000 cps& T EMHETETVE. T D728, KK
FcBWTIE, MNHIZ 7 v IbKERRE AR THE L
7275, WEEE O TIC X 2SR RANDEE L W»
EEZOLNS.
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mEER
O7vib/kKEESR
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2. LANLIOINRERRICE T DRBERE TV VILKFREARDAERKE

N i)

AR, RRR WIPUEH O #k B # & B HNC D
T, GW R L. Ao (=4 7 ajk
SR) ICB VT, REANIAEE - EEER O SR
W, BEAPANAEEE - YIRS 7 v ALKERR % N 2 72 00 R
BWAERVEZ LT, BB EREIIHHT 5 I EMNT
&7z WEARIERER LR OWTND BRIFCH
D, BTN L 72 AEF O @ EGRER T b 95% ~
107%E HEIXHETRIFAFRTH o722 06, Ko
WMHEZEY THho72 e EZ 5N

SN 2 OB D 5, R & 85 % 524212
HET A Z LI Lz, BENHI OB ER B S X
FRDADOWERRZ WA TS 2 & T, BAlFOERE
THEREAERTAT Tu—F i o7 ZOTHEIC
X0, RIS S5 MHEE GRS 2 B oo fil iS5
O, XFRHROEEITEZEIL T, BEThOE)E
TLERRELARANT LI ENTEL.

7 ALK ERE A RICB WL, PN - 5
BRI LT, MEREMME TR SN Zhid

ICP-MSO il E A F 2 it 7 v ALK EBE O% HI2%E
RI:TEDHBL TV LI RENEZ BN &b,
MHBEEOLTIZR S Ay, mlEE LT +oE
THY, WWHHOWERRICHETILZVW DOEEZDL
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Optimization of cultivation method for Angelica acutiloba Kitagawa
in Toyama Prefecture

Takayuki TAMURA, Kazuhiko AZUMA, Isamu OE, Sachiko TERASAKI, Masato KAWABE,

Hiroyuki SUGIYAMA, Mami NISHIMURA, Hajime YAEGASHI, Hiroyuki KOHMURA,
Motoko IGARASHI, Atsuyuki HISHIDA, Hiroyuki FUCHINO, Naoki OGATA,
Hiroki KAWASHIMA

ARBIZBIT D b FHEE, AEERPEEEROBEVCI ) BEINSARETH), TOHEKE L
THAEFHEEEROAR BT oD, 22T, REIZBWT3 74 (H28~ H30) O#F:kric &
LAEFHEZRAE LR HoOEHBNE 208052 BKRESEIROKE S L ERICHEET
LT EMRBENS Tz, ARBICHE L7271 o @RI B ORI 2 fE R 3 5 72 0 ek ik
374 (H30~R2) %l L7-5E, WMol H, DHERIIZEFEOIH TR d LI
HThol, ZOMPELZERLFEZ 27 VIZED, BNO by FEESEIFERNICZIUE %
BoENE L) HET 5.

Summary

In Toyama Prefecture, the cultivation of Angelica acutiloba has been unstable in terms of
yield due to differences in growers and years of cultivation, which is attributed to the lack of
information on growth characteristics. Therefore, we investigated growth characteristics for three
years in this prefecture. The results suggest that the planting time of seedlings and sufficient
rainfall after planting affect root size and weight. In addition, comparative tests have been carried
out for three years to confirm the planting time of the seedlings and the harvesting time of
the roots that are suitable for this prefecture. The results showed that the highest yields were
obtained when the seedlings were planted in November and when the roots were harvested
in late November of the following year. By using the cultivation manual containing the results
of this study, we aim to help A. acutiloba farmers in this prefecture to achieve high yields on a
sustainable basis.

F—TJ—K: buF B ZNE

Key words : Angelica acutiloba Kitagawa, cultivation, high yield
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¥ (#26%) 2T ERWv (FAEEOFIGMH).

T DA EAY916 -~ 0 9 BIEE R IEH 238 b

BEONYOEH ARSI Y 1TBWT, A% [ H)F

(b= ¥)] & [ MY % Angelica acutiloba Kitagawa
XixHw v A A b7 F Angelica acutiloba Kitagawa
var. sugiyamae Hikino O %, @], #H@ElL L7zd
DTHAH] ERESI N, A, @ 2I5E% E D NFHE
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F ORI T 5T, EBEOER KRBT — 7 5
HOWEWICL Y HFHAEE T2 ) R T nwy=a7T
WHBLETH 5.

ZZC, ENIWZERASS NS - B ERR A
rgestE (DAY, [TRUIERE]) 29RERE & 2o TF
284 S IR S N7z BMOKER RFETu Y = 7 b
fFZe TS EY o EI N A LR 1A 72 Bl D B 3S
WCARES S L, RS [RMDHEIZBIT2 730
AR W ORI & FEBE R REER B OB %E | o TARIR
DN 8 U 7z e 70 42 FEHANT O #E A ) C 5 4R
R MLA 7S, ARBEETIX, EEOIE R ORI
Bk AT T A E AR e B b oo I T & R
L, &HISOBREEII U35l 2 i3 5 720,
AN LI O 10338 THE A Em S, TORRL
LTHESIZIY [ My FPUEENHEE 7T 7T A
MBS I N2,

AT CEME L 723 RO B IS D W Tl 3
H. B, Tudzs MeRTHEINZ N FXFOH
EHNE, 250 kg/10 aTdh 5.

eSS

1. EHURICHTS 3 rFEOFEHARICEHEERMHE
1-1  FHizEERi

SEHAMYIEEY > & — (bR LTI L)

BEE 1 62 m

B RS TR A O o~ i T

(BR7+)
1-2 i@

ESRVR G ARt NS 38 I3 i & S S
MR & FEMse ¥ — (LUF, [R50 )
L EM S THER SN W 2 iz FR284E
S OR294F B X My A pE v (IEATH, MREEE A 5
mm), FW3EEIZ ==Ky M (PPH, R
JHEE © 49 3 mm).

1-3 RIBAE
(7)  HEAE
e LT, IBIEES1 %5 (10-10-10) 100 kg/
10 a, WA 100 kg/10 a % & EUG L 7-.
() AR B

FEII30 cm, 45170 cm, 1 5ehiz
(%) B D ERE I O

AR HoERH IR

H28 6/12 10/28

H29 5/9 10/31

H30 4/27 10/26

1-4 HE

FAEE S H NI, AfFRB R O R o EE
GEWI % G Ei KRR, 35 ALz Lo
IHE H U210~ 128k 2 UHERR, K ToEfR L, HBdfE
WTHEZE Y 50F, BRE, MRERE (BELROEE
OF (mm)) ZWEL, WFHER OW) RO
W EEER (FW) ZFHE L7 #HE% 2hzh
80C CT2MF B SLIZ IR IS ET 2 £ TR L, T
RO o iR (DW) %Ro7.

2. BILRICHT B EHERFEE R OUFEREA D% 5
2-1  FHigERit
i [ 1-1 R | & Rk
2-2 1EMMBRROBIZEE
BEAEEZEOMEIZRDOEBY . JEEIZOWT
&, [1-3  #EHd] Rk

AERE i} ERE | U |~V
Eﬁfﬁfiéﬁﬁﬁ 4/27 1 10/26
HE 4% -
;ﬁf‘;rh 4/27 | 12/11 14,
H30 Z L | BE : 30 cm,
§§%7“ 4/20 | 10/26 %I : 70 cm
HE 4% -
iﬁf‘;rh 4/20 | 12/11
H30 | 11/1
%ﬁffii57‘_ 11720 | 11/26
RL | 3oies 412 | 11/1 | i
%5 4/2
# 5 mm 3 11/9%
5/9
H
10/31 — 245 KV,
R1 FIA |k - 30 em,
11/18 | 5&H 140 cm,
s 12/ AR < 170 cm
R2 5;%%2%: Ly 11031
# 6 mm 12/2 | HE
10/31
4/21
12/2
5/8
2-3 HRE
[1-4 GRAA] L FEERICERBX 2 5120 2 L
L, FAL.

3. £EMVEF (YF) HAERORBEFM
3-1 EEBEAOHSINT
[2-2 FEWM R OB ] (S BI B e
H A ae304E11H20H <, UHE H 234 fl G 4E11 H



260H OFRERIX (HE~LVF) otk ([2-3 F#H#k)
THHE L7tk & i3 ofk) 2R, Bz dkised
W72 FHGE L ORWHBETHENTEE L
7. AHI24E3H2H, EROERELLZREL,
T0C O30 RIE L, % d A% FEh L 7274,

HREZIR L 72,
3-2 BAERAFICEDL REFHE
BONTEFIZOWT, B HAE I i E BF 72

BT, BHEIUEAAER LY (LT THR
170) 1Z9ev, KRG, BRAEMEIKT, TR AEER K
OMHEIR I D 45 kR T L 7.
3-3 HEIKEHE
2452 H14H, BRIEMERAAFME L2 [ 4%
O EICET 5 BRRHE ] 128V T, BEBOASE
BERSEDHMK S 4N oI, 1, & FOMIKIC
DWWl Z =21 72, &RHlE ORMIERS R 2, #
3, B2, w1, A 0&LTrBALL, 8
ZOPIgEZ i & L7z,

BRRUER

1. BURICHTZ 3 rEOBIEHBRICKDETHE
FEEORREEZRLITRT.

(1) FR28ERE

SHAEMA (8/29) I2BWT, HAFHEIDBT% (30
WD) A7) L, EfF LK THAET
B O(EREOE 32 %h o7z 10H RO
A B VT HAEFIEC, HIUI20 kg/10 ak 72
D, HEEHI (250 kg/10 a) D8 % THo72. %
DK E LT, 7y s MEBREHORMEIZXD
HOEMA 6 AI2HE 20, BWINRTHEL TV
ek DEREY (4 H) 5827 AEN727290,
EFIEE L h o2 & LRI HEB D o7z
ZENEZLNT.

(2) FRR29EE

SH KA (8/29) I2BWT, HEHFZEH0% (40
KD 95 HEAFIE368kK, HidE+33%) T, AEHERE (3
RROER) RiED 258 Eho7z I0HEKD
PHERAIZ BV TIE, FRISHRBAPEA™3 mm THIAE D
275 2, WFEROEEIX46 g/FR THIED10RE
Plb&Zy, HIUE218 kg/10 a& %o 72, Hi4E X
DAEFRERSEM L ERZERIE, EMH1 7 H
B2y, WEWEPRIFCEFNMIHIETE -2 &
ThbrEz ol
(3) FREIEE

HAEL ) S SICEBROIEOMMEZMEL TE
MiH%, BifEXDI2HR WA H27THE L7, L2
L, 8 HEMAE (8/31) I2BWT, AHFHIIT6%
(127Fk D 95 B AALEIZ960, HidE —14%) T, FEE
B OB S HEL VD L7z, 100 KOIHERA IS
BWTIE, MEIZ239 mmTeRmA L, ML
29 mmT, HED67% WA L7z, HIUX77 kg/10
al RELWMA L7 (HifED35%). TORKE LT
&, THOHOMEWHITUBEEE F572MAK1
HBES T, PAE L D) EWSIRD H e\ 72 2 L 25%
Zbhiz. 5 ~10H OMESI TIIHIE L )RR
WRETH 7225 [7~9 HoHFEHEM25T L
FoRERR] BHREL Y DRY)EIroZ RS
b, EMoEEIEFTHEORK E 2 % 2 & 5L
Az F72, WPHELYVNEhol R, E
Wite7 5 5 HRE MR X AIEEAR D E 2 SN
(ATAE X ER OB A R OH 2 HICKEREDH D ).
(4) BEFEEOFEEEHREWNEDORERICONT

3 AEDORBARERICBWTIO K2 IU#EHR & LT
e L7z, WO G HE) SIED
BARICOWTIE, HECHRHI L TIEDSHMT 5 2
EHRFPHEEND, F0X) GERIEOA o
7. TORMKNE LT, FRIVEFEDOEBEA BRI RE
Lz ez o577,

F1 FR28~NEED M TFORERVFRETR
- WEATA) WE(10A Fa) o108 | _1~9R®
#& mwe  pEAa Bw | EF OBX ey | pe opme 2T ®MF syee | mmmE | CVOREC
® ) o B e o g K02 | O ¢c)
H28 6/12 10/28 138 57 144 8.3 141 16 31 42 20 4134 123
H29 5/9 10/31 175 90 281 15.2 273 43 349 46 218 4005 118
H30 4/27 10/26 182 76 228 6.2 239 29 138 16 77 4137 207
KA (%) AR OEREEL X 100

SRHERIRIT. SETT AXAT—4 (ZIUiiak) %
SCRIMNEN T, 4762 8K/10a TR L 7-BiaE
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EHER

THITTEE
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IRFER :R1411/26

FLIRIRE (g/4F)
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EHER

RE (g/#)

B1g

TH2EE

m IRIRE (g/8) == ETFEE (%) n=

R1.11/18 R1.11/18 R2.4/7 R2.4/21 R2.5/8
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| m10/26IRF# ©12/114%7#
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p < 0.01

-

|

4/27
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H30411/20 R144/12
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3 UREEFHADEVICKBIREOEL (R1)

p<0.01 l‘ﬁ} | W10/314RFE  ©12/24nF# | n=12
l__lL 1
p<0.01
I_I_T_ p <0.05
1
R1£11/18 R1£11/18 R24E4/7 R24E4/21
7T BHEFATILIILF

K4 URERHAIDEWVICKZREOEL (R2)



2.

M5 RLGHEHAICIELENYFOEFE

“12/11 0N FE

(H30)

MEDTENER : H304E 4 /28

EERICH T B EMEEFE R OUFE R D% 5T
BHOTEHEFHOEZWVCEZRERVEFEROE
[

ARITCAEEE R O 2 AR BRI FE N L 72 LR ER O 5 R

21 IRT. FATCEE, EAiH 2 i4E11H20
H, 444 H12H, 4 A23H, 5 H9 H &b+,

INEH Z11H26HICEZE Lz L 25, EhiHDE<

7 BT EHE AR E L VAR A Lz — T, 4

M2 4EEE, EHHAYEL & DICON TR EDS

WA B &) FRIIHERE L L CTH o 7248, T

AEFE IR DIR L7 5 H @i T b A FERIIE
AL L o7, oMM, 5 HoERE

DEKRRLTHOWRE L o722 LIZX D EHL

FOBDEFTVNRIFE o720 ThrEEZON

7z.

(2)

(1)

INFERFHADEWC KB IREDE(L
30~ 2 EE T TO 3 1 EOREREZK 2 ~

SMTERE
600 ,
HKETERITLILF
500
o
:iaﬂﬂ
2
E 300 BiREIR
i - e
§200
i
100 I
0
11/20 4/12 111/20  4/12  4/23 5/9
ﬁmi’h‘amoﬁ RI1Z |H304E R14#  RI14 R14
RIZE11/14R 5 R14E11/26)R 3
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400

300

. 250kg/10a _ _ _ _
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0

4IRS, F72, FRB0EEICINEL: by o4k
BRROBEEZK5IZ/RT. 37 ELTITBVT,
EDORFHIIZ A L 723k IX T L WUHER I 2 2 < § %

WX DR E L 72, b R O
THIZAT ) BED B B, TE BB EWTTA N

HCTIXAMTH S, FETRI2H ERICHE TS S
ENL T, WSS ZIHERNIE [SFEFEE I
HTH] ZRWEEZ 572205 EHRORMIZE Y
LT LUEND 5.
(3) By (FERiE) ICE DL RELTHEROUFER
HA
AFITCAEEE R O 2 AR EE D 3 ERIXAIC DO WT, Adf
REGERRED S KD 2R Eo B (kg/10 a)
ZH6TRT. 2 rFEOFRITVT G [E UM AH
Ron, HoERENIZIIH T, B4EDILH TS
NS L HERRDENEE o7, ZOHED
SREEX CTIRRHEIAI500 kg/10 a T, HEEHIL (250

SH2EE

i

1
11/18 11/18 4/7 4/21 =:I.:I..1’18 11/18  4/7  4/21  5/8
R1% R1%E R2% R2%E IR1E  R1%¥ R2F R2E R2HE

R14E10/31UR3# i R24E12/ 213

HEHSLIZRTILF
fizBaRF FIL2ILF

X6 EHFARVNERAZECSELEHBREORNE (R1,R2)



kg/10 a) D2 TH o7 4 HICEML, 11
H T ANCIES 5 )7 T b HIUE 400 kg/10 a&
o727, ERASENS T EHIUIEA L7z, 111
WCERTEZ2WIEAIEEL T 4 H B E@hliase
TTELIIHRIETLUENH DL LEZ LN
T2, TVFEMIZOWTIE, EROBIRIER
BERIZTEORMLH L2, FFHIIAHTH 5.
ABLCIIMEEIC X 2IEHEAL 5720, Efo
FIRBEERT RIS 25 AR VT OB L HERE L T
W5, L2LHBESLVFIZESLVFI)EHETH S
(B~nVF 1 HM/10a HARESVF HL6H
/10 a). B Z21LHICERM L7256, BAEROR]
EBEVRIFT, BB %501 HE ML HFEIZ
THIEEERT L0, B VFTh miibE)s 4
CLanZ ePPHFETE D, 22 THM2ERICIE,
1AM L, FEI2H 2 HIZIUH#EST 2 HEICBWT
HE~wLVFEEVFZRE L. 28R, B
VFTHEMORERTHET 22 %<, ARV
FELVZWETH - 7.

3. £E MUV (HF) HEROSBEFTME

(1) FAEMIUAEE
BONZERE Ny FRMEMER 7 IRT.

(2) BAZERFICEDL REFHE
ZRBOMPIIRDOEB Y TH Y, HRITOHK
WA L7 (HRI7TOERERSSE [y *] 1236

B EOBER L).

[ S — #
:.,1,-}&_!‘& 123343878 4100 33444678 9%0))

VB3 4567 8930

M7 BWEMILERRIF
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HH R HB17 D8
Wy 57% | T0%BLTF
ALK 5 03% | 10%MF
A B
Gxy g | 541% | 350%bLE
HIRHR 125% —
(3) MEAKEFA

BRI (8 4 OFF-iAE R O fE) 1323TH D,
B ASETH 5 LAl S 7z, FHiiEoa X >~ b
ELT, [FEBRMPRC], [HE - BIRSER] o
75 A A% hr o T2, — KT [F/ ) e HwksAD
Lggw] Eoaxr bbby, REELOHTENT
LOMETRE BRM OB L ) B0 RMA D
HeEz Nz i, AEoMWIRIHT L ILF
BEOERBEPBR A SN, AR VF ML
TeARBRMEMIE S BIER R o 722 L0 5, SR
WZBWTH IV F M L 72 F0 2 s s dE < &
bEEZ LN

FEH

Sl SN AERE, BHKEARETa Y27 b
FZE TSR AIVEY) o Y A RE PRV I 72 He iy o B %
DOEFEL LT, =27V 25 © OIEKICTHE
HEhTWwa, AEELTIE, BRO (—F) gilg
AR ICEIZEAT L7z [l H s o0 45 o BV E W 3%
BEOFBET | I by FOBREELERLZ. 43
AERE, EHL UNEERT) 1ICBWTHI11H EiAGE A S
N7zAER, 4 AR 2 TS S NZRI4E 1200 kg/10
aTHh o - HILAY, BAEFEIIM 212X D244 kg/10 a
WHEIIL, BGRhEAEIE SN SRITE S I8 R
WEEIIE2 L, FrBlEES b BENEDILE L THDS
N5 &9 AEFERBLIE D20,

Ao

KWF7EIE, RMKEAZCT 0T =7 Mg [HH
Ve O 1IN A BEPERAZ 10T 72 Heafr o B FE | 12 & 0
L72bDTH Y, EHLET. YEAERoMER
IZOWTEHIi L TW72& £ L7z, satty 77 H
BEO PRI, M ERER SO L RS,
BRERRECIHERK, A&ty 4 7 ORERIE
KBRS, #RASHMAR ML OIS A, R
Hil A DRI FRAE DN AR T SRR U S A o il T 9 IR
W L BT EY (R - KEO+HHEH, i
AHMBEM L), M TrY2s FOSEEE LT, K
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External quality control for laboratories of pharmaceutical companies in 2022
AN B, ORH ¥, &l E¥
Masaru OGASAWARA, Tetsuya YONEDA, Nobuyuki TAKAYAMA

20214F, ARBEEH X —F — |2 X AGMPELAMKRNTHRE L, D, AKEEELEE~OEEIKE IR
BWVWTW5, [FAEEOARILESE WA FESFITEE 5 I HEBE L, AiE6.1%IKD 6 20411 & 72 - 72, [FHME)S
SHTHY, SHRENEERZHIT TS T TURICHEEBAR 2t T 5 L8N D 5.

ARWFFEIL, P214ERE X ) — A I N E (LRSS & 4 & L C, WNBSE A SE o VRS IR M & ) 52 ht
R 2 I L, R OEM I oMb L R NERGEEOE 2 2 L HIWE LTI ATV S
1 -10). BARMICIE, e —oR B2 EA L, H—0RBETONM2ElRL TWiRZE, ZoME
ZEDFEOTHENT S, ZOMBEERLICT 4 —F Ny 235 E L0012, BT 2ENEO LD 72580
A LTI R RRAE R ST E21T) . ShIC Xy, ENEER A3 o RER A S ) o h) B T2 ok
HOMIICHFEGTHDOTH L. FHAEEIL, BLEOLVRBRIEAE 2012, @& (HPLCHE), #iEE (HPLC
), MR GRAIMBINA X2 bVillEd:, KBrge#lik), i (BiiZeidk), @& (UVE) oW THL
KERAENT, FIRFE, ROUELEEZT-720T, ZOMEIIOVWTHET 5.

1. EReA=*E
(1) FRBRIE H & OB 2
REBEHIZ, 72V 2 o0EE (HPLCE), ¥4 27Uy roEs (HPLCH:), YZFuzufx¥ o
M (HPLCHE:), 7R M7 3/ 72O (IREE, KBre#ls:), vy FtFya—VvigoEs (B
WD), BETHRIuYvoEs (UVEE) & L7z (1), &b, #ME (HPLCHE), #Ei2 (IRiL KBr
SR, R (BEMEEDE), @& (UVEE) 1I2owTid, W28 mE & LTHW:. F7-, MR
(IR¥, KBr#eAlidE), w8 (BEMEE), €& (UVE) 1I22nTid, Sl RMmH 42058 7%
hofz wwm (UVEER) ZEEMRMPDBAEICHEL, EDIMIHARERHICHE U e L.

x1 HBREBRUSIERHFICONT

RERIEH X8R4 H F Al AR EJiIE 24
AEA g o
sht (HPLC) 1 HR7 = VEF s 57— AR A 15
55 (7 V¥ F 2 5—735 mg) LRI AR
AR #E B = T T N/ Al A
E&# (HPLC) 2 HIRYA 7D & C1ERESE | (D754 —7 1325CHREN 21
(7 27 b A%E15) WHEETHDHI L)
. B C =BT TN s el N N
MEE (HPLC) (yFa7axd V) pHE! 27
(AL A < 7 b RED 7 — 1) TRV R 38
| OVHlE o RAL A (7 73/ 72Y) S ) i 0
StEr | VT A g
7€ Hit AFE o e 2 S i ok T
B ) (9L FoF %5 T L) BALAT E G, TR 25
SE WBE el
V) (R ETEET T L) CCEERT. MR 38




(2) Arva—n

o a7 A )V 2 OGRS IO BUT D S 4B b FEREFHR IOV TN D kD 7225, SEH» 5
PHERE 2, HERERIT VI VIR THEBE L. ERFEOHPERSFICOVTIR, RBETIHHE
FHIE T A —MICE D, FRBEARHI SR X ) IS EAT L7z, B R N WEAE BE R BR L BI4E & 0
DI1IHEERIL (BM4EIOHIZHERE), FHBTELRE2TRRICSM LA 25 LH)%D. by
5 — OB R BRIZ A 4 F12H28H & L7z, SiENEZ L& D FLOTTERE (3) OFFEIC XD FFib
L, ZOMlifERIS U CTRRHA, Wk ROBRBERESE2 ML 72 #1543 H22
HIZFEM L, PR THMBREIGIC X 258 & (HADEM RO Yy Aax >y =71 ¥ 7 (#), TKBrig#liko
SEAMER D 2y L RE T — 7 O R 1) #FERL 72

(3) Al 52

fEbRE 1 % TGrubbs?® HEIZ L D MEZRIT\, EREMEHM I N7— & 2FEH L 721, ISO/IEC Guide
43(J1IS Q 0043)1ZfEvy, B N MEDOHE 1 WS EQL, HIMWAMEBQILTATT Y Q22HKRDLHIZZ
237 &RDTHEL -

Z= Xi-Q2) / 1(Q3-Q1) x0.7413}

|Z <2 i
2<|Z1=3 HEEbLW
[Z >3 Al ¥Xi A BINhERE O

7272L, R (HEMZEHESE) R PPE+1.0%DN] O, Z2a7oEICEb ST [l L4
ETAHILELT

(4) FRAMAREFICHED R
(AR ] RO [HEb L] ol L, KA (FMEI)RAS) ROWERrFERTL L L
DIZ, FRABRAMKIE L 72, S612, HRBReE L7z TAME] RO T8b L] ojtiikd & ik R ok
HEZ, WHRBEOQL, Q2R Q3 ZMWTZAa T 28 ML, FEMEL /2.

2. BERAOER
(1) HEZx2VEF 27 5—7 (72 VEF 2 5F—735mg) OERERE (HPLCHE)

IGIERED D B [FEb L] 23 20iikTh o7z, AL &g S Nziikid o7z SEbLwEHEShi:
2MER%1E, EEROMHEICHBR L T IR RRB|ETH-7 (M1 ~3). /2, KX TOn=3D/1 520X
WA/ N E o 72085, gk TOMIZR R /NI DX RO S,

[BEb L] LHE SNz 1 iRz TR 2 920 L 72858, BAHEEER Tt o WEEO ¥ — 7 iR E & 3K
BHA A OWNEED ¥ — 7 IR MIEIZIZIZRSE 7205, BEBET O 7 2 Ve 7 0¥ — 7 MfEHEIC T, WA
WHOT7 2V EF 7O =7 HBEPIRLR/NERoT. 2O S, EEHT 2 VY F 7 OUEEVERLFH

l [8£]IBRITIEFIT—TOEEHRHE: 90.0~110.0% Wﬂiiﬂﬂ‘a(%.w)
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(HPLC%) D#R&(E (HPLCi%®) ®ZA3a7



D[ 5 ER BB

O 2 (13165%) REBRE ‘ O 2 (14165%)
BEDLLRIER) | -dExE BEOLL(1HER)
B R (0FEER) AR B E T (0FESR)

KERBRREEOERENEHBROFEREL

K3 BR7INEFIT—T7OEEHE (HPLCE) OFHlifHR

FRIIABDPSDOT7 2V EF 7 OHIIMIZ S DOREDH L EFER N, Tho 2T 2 THABZEL
TWieZwizb s, 7z VvEF 7 OFBUSIZFEN WS EPMHER I N 22T, 25 oMl
et (RefH, ) ICHELCHAARMRZERINE IS, WMELHESNLHERIGEONL. B, o
1 faR I3 BR AR E T dH - 72,

(2) HREFZ) & UiEmgEsE (727 b A8815) ek (HPLCH:)
kDI B [HEb L] 1R CTH o7z, AN L E SN fiikiE o7, BEbLwEHE I
1 figgid, SROEICHE L TRREHTh o7z, F72, n=3DNIFOENRKEDo72 (M4~6).

[ (sz1aREA ISy ERERO BRI 950~1050% | F19{E(99.0%
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K4 BREAT)RIJVIERIEROESHRK 5 BRExAJV RV VEBREROEERR
(HPLC%) n#h&{E (HPLC®) OZRAa7
P EIFER BHRR

! 0

‘ 0 2 20E5%) EEEE 0 2 (21585%)
DELLLLIER) | mExiE B EHLL\OMEER)
RFHROED) | -BRB T R (0)

6 BEEFIT)EVVEBRIBEROEEHRER (HPLCE) OFHE#ER

RO, [8Eb L] LHE SN ik T, il SRR~ ) 25 b h /.
WS NERE (EF—yo¥— 2kl 25 L1cY by y —ICTHE2E/LZEZA, n=3D
NIOEPKEL, GRMEOTVHENSMMEHR SR L TRRBEE o 7. REARO RISV
T, ABOFH, FA—NERy MEE ARAT7 v 7%, ERBIECHEDN S - 2 WREsE Z bhi:. hb
FRENLERFENEZR T 2, SUHRICHRBEERL CwiaZnie s, MHel &HESNL RN
Bohi.



(3) yFuzuFHy roMERE (HPLCH:)

BAEBESIMEEZNRICERL TWDLT 7 — MRAEICBWT, MERE (HPLCHE:) 1xHd 5 Ehtid L%
Motz e, GAEE, RFEIIBVTHUO TYUERBEIY FiF7z. B o@EICB LT, HIBPGRS
ThbIE, EENGINEEOHPETON TR THL L, RO Z < b7 T AR R MWIEHR 2 &R
ENTwp I erdHEL Lz, BINML22TH#RD S B, 1 E#FEIRgIic L DM uisHesh/z. 2ol
sk Z By L2tk WO TR 2 2 L7282 A, 3HifkAs [Beb L] L 5E Sz,

Mt HEEBEOEE—HILUNDE—-DAEET X 100 ,
Y Ty e T (6339 (SO ERE)
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0 TR o REEE
SnfEEHE ShiEEHE
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S R [
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1B 60 o OU_V 00— O 0° o0 50 al-l ] ofl ﬂ =l
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40 ! - BRES
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w0 \vEEEHE 3
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@ ---2<|Z|S3:FEbLLY TERES
H7 >7070%92 0HERR (HPLCHE) M8 >7O7O0FYIrOHMERER (HPLCE)
DIRETE NDZAA7
FIEEAER BHR
1 0
O 2 (2318 E%) O R (275E5%)
O EHLLEHER) T EEHLL0MEER)
B TR (1EER) W i R (O ER)

XOANBEOHIEFFmRELTEHELE
K9 >7O070+%Y> > OMERER (HPLCE) OFHERER

AR & E SNz 1 RIS O W TR Z E_ L 72 25, 20< 75 20ORIRICHELRDH B Z &8
HI L2 BARICIE, 279 NI ARERSICEDE TS I N2720, MEm LOAGFEEL 2 WAHY ¢ —
7 OHMAENEETH 72 (70 b FRIETFIVINTF = TR ELHFER IR TH - 72720, FRTAT
Ehdolz). TOHRETELZ, AMMY— 7 2 HEICKRIBECTE 270~ b 7T ARG TR % it
LTWe7dnwizblh, Bbr = ZTHE Lz NSt L7 a< s 7S Boh, €51
AR E — 7 OFHifREED [hie] HE IR E L7

[BEb L] CHE SN 3MHRTIE, A Y — 7 OMBHESEER I ) DRRml (1ExR), RRHM
(20id%) THholzo FINFAEOKE, LR2@W MOt CILERER RO T BRI H - 7= etk B L
7. BARICIE, AR T IRAAEZTNIFANVTESTZDDOEHCTEIELZ720, EAPATH5TH-
T REVE R EMEVE DS E D o 12 B E 2 SNz, — BT, BB O 7 e T ANy ¥ —THS L
ZLDOLEHEULTBY, GHRMERHNIMICIEIMER RV EEZ SN, COZENLHRBIIELE L
7o, RRMBMEL o7z 2 MDD BO 1 MiExTIE, BRI S NAMY ¥ — 7 OB & 524 7%
ote (MM 5, BhERSkohIfi:15). T enb, ¥— 7 BBEGEBERER L > TV
CEDNERFEREZEZ LN, CONEETE AR ZERL TW22nwize 2h, i — 27 Bixl121c3
L, PR (e ] ZHEsN RR|EE Ro200 1 [ifk Tk, 70~ 27 J A0 mITHRIITE
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