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Development of Design Space in Twin-screw Type Granulation (Second Report)

Hidemasa NAGALI, 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 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, a design
space was created using the Critical Material Attribute (CMA), and by conducting validation
experiments, a design space was constructed in which acetaminophen tablets meeting the target
values could be designed. By using the design space created in this study, the possibility of
continuous production of tablets with the target quality was demonstrated by monitoring the
CMA with the PAT tool.

F—D— RNk 28RS ) 2= TWA Y AN EEYERE

Key words : Continuous manufacturing ; Twin-screw ; Design Space ; Critical Material Attribute
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345 mg/tab ( 99%)
35mg/tab ( 1%)
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Table 1. EfuERIEFICEH 1T ZRERETE (P OESEHE)
EAET—4
SR T Ko FEHIRE Jizked |
(um) (%) (N) (sec)
200 1.75 4355 48.33
150 1.75 34.05 39.50
200 1.00 39.60 54.00
250 1.00 52.40 62.50
200 2.50 7270 50.50
150 2.50 45.00 45.33
150 1.00 34.30 4450
250 2.50 72.25 52.33
200 1.75 4250 4550
200 1.75 57.40 52.17
200 1.75 41.85 43.17
250 1.75 64.00 50.67

& @

3485 mg/tab (100%)
@FT8E
TR 2 FT ST O D 100 g =L, K'Y
LT3 FHEA L, I, u—%Y) —xX$T18
BE AT TORETIT 21T 7.

2. [SEHERIOLLE
SEHIBESE & BRI OIS X (3L 7 e v
) ZIMPIZX W IE L7z (Fig. 1). ZO#EE, &
FITRE L3 PR 28 & K B O R H5ES 20
WL, BEERERIC IR FREOADPEET S 2



EDWISpE ol 72, FERIRIEE B X OFH BRI )
ELIPIRM DR D MR ETOIRTFTHE L

SHSMER ST BB, MEBRERIZO W TIZIO Sl
X O KERSF O T HEMH 272 LTz,

IERITEE

BR 1RBSTE]

)
H

e T (e

ats”r i ity 2"*&\?‘&
- T *ﬁﬁ
LFHERFE p=10.006 L FERFE p=0.002
2.kGE p=10.013
Fig. 1 SERIRERE & HRRAFMRE DS E X
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SRS & BRI O W, SEXR TR L K=
WEBFHAL v AR=ZAZIMPIZ X WER L7 (Fig.
2). I 7HIZBVWTEWS L — Tk L7724
W3 e U7 HASAE (S0 58 BE4ON, Y 332 1 R 60FD LA
T) %72 TFHFAL Y AR=ZAZRLTNDS.

160 180 00 0 240

SFEF TR (um)
Fig. 2 EfEHEEDOT A4 VA=

Table 2. THA 2 AX—ADIRFHER

SERIE (N) RAEEIERT (sec)
H EH 40N | 60 secBL T
a 484 40.7
b 59.1 54.1
C 40.3 34.1
d 49.3 52.8

4. BELUETTA D AXR—-ADIEEE

RITKEE L 72 TFHA v AR—ZADZ4M 2 WEES 5
72®, Fig. 31 TRL7Z 4 2o, HEHE % i
7o L RMART AMGEER A EBL. a, b, c
dITRT 4 LRI WTHEBRFIEICHE ST, REL
KorEB L OFR T RO R 2 5k L, Bonh:HE
WEHCTHSEL 2%, SEFPEZEHGEL 7. 2o
R, A RETIZOWTHEMEZ W72 38R0 IETE
TWAHZEPMRIN, THA ¥ AR=ZADFELB D
RENT: (Table 2).

TR GF R (%)

160 160 200 220 240
PR ()

Fig. 3 FTYA2AX—ADIRSE
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JiL T 535,

rlnl, AR PE O BRERIE ORESEIC WA L 72 B T
AV AR=AZDOWT, WEEEER L7 TR T X —
FIT A, MWEERRICE=5 ) v Z U R K &
SR AR W T A Y AR— 2B L. &
MIC X o TEBOREE TR, FEEWEENE (CMA)
ZPATY —VIZXNDE=ZFY VY TL, 74 —FKNy
ZHSEEZITH) 2 LIk, HEET2mEOHA %
ERICRETREE 2 5.

FERFTW BT EF— 7 2 G LN 21T - 72
KR, BEAIMIEE B X OVHIERER] & bR T E
OB ETLIENWL LY, KT
BCMATHAZENHLENE o7, EHITTHA
YANR—ADKGER R 25, HEAEZ 72385k &
155 720 OFIGR O #PHIZ200 4 mbl 1250 um
DT EHEM Xz, ZhICX Yy, EBEoOELERICI
PATHZR E LCTA ¥ 54 VR TR EEEZH W
CMATH ALY 27 ) v 73T5H5ZLIZL
D, HELL T ZmEOFH] % Mk L T X 2 HEMEA
NENT.
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EYNHERORADPELDHE LRMRZRVEYOESEH LR
BRG %5, Mk J5, M A, EE MR, NS BET, HUI SR, IR R E

Comparison of drug-membrane permeability using intestinal epithelial cells with

different expressions of drug-metabolizing enzymes

Tsutomu YANAGIBASHI, Kaori YUNOKI, Takeharu MINAMITANI,
Yasuharu WATANABE, Rieko KOJIMA, Yukihiko AIKAWA
and the Biological Analysis Group in Toyama Pharmaceutical Research Association

L3 #

R ORLE BN IE, b MRFEEREIW 2 H v 7zin vivoidlik, B X O LRI %2 Fv 7z
in vitroi®kBE23% 4. In vitroi BRI B W TIE, k2 SIE A I TWwACaco- 2 MBI Z, &
MEE EEAIC X D EWEE 24 3 & MPSHURH RIGE LEMERe, NA Av—"7"v b %5
ZTHAHANTIRERZ HW72PAMPAL I SR TWwW5b., KEFZETIX, Caco-2 Ml & v MPSHAN
HRIGE F o EE T3 7a 7 7 A Vv ELEL, Caco-2MIIETIECYP3A4NPEHL Tw
HWZ R L. F72, Caco-2 MM, v NPSHINGH RIS ML, B X UPAMPAZ W
T, Propranolol Hydrochloride, Furosemide, Hydrochlorothiazide, Atenolol® [ & % 4 % 3T il
L. Biopharmaceutics Classification System®&# 5 E —~% 35 2 L 2R L. 512, L
FESEY O 5l W TR O A5 FAZCYP 3 A 4 \TACH S 5 3 T & 5 Midazolam O 5% 8 P 3B D k5
BEIMAZ, b bREOEMEE MM EZ B L2 25, PAMPARCaco- 2B X 0 3 & MPSHI
B Sl 4s F R A E W2 R L7, SoOMRICEY, HE0FEYIZO>WTIZPAMPA
R Caco- 2 M T IEMICEMECE R WIENH 5 2 E PRI N, RIFFROREL S, EYolE
EE VRIS B % ) 7 R ER OEIRO EEMEAIR Sz,

Summary

Membrane permeability evaluation of oral drugs includes in vivo studies in humans and
laboratory animals and in vitro studies in intestinal epithelial cells. In addition to Caco-2 cells,
human iPS cell-derived intestinal epithelial cells, which more closely resemble human intestinal
epithelial cells, and PAMPA, a high-throughput artificial lipid membrane assay system, were
used for membrane permeability studies. In this study, we compared the gene expression profiles
of Caco-2 cells and human iPS cell-derived intestinal epithelial cells and confirmed that Caco-
2 cells do not express CYP 3 A4. The permeability of propranolol hydrochloride, furosemide,
hydrochlorothiazide, and atenolol was also evaluated using Caco-2 cells, human iPS cell-derived
intestinal epithelial cells, and PAMPA. The permeability results of these drags were consistent
with the Biopharmaceutics Classification System guidelines. Furthermore, a comparison with
previously reported human permeability data showed that the results of permeability studies
using human iPS cell-derived intestinal epithelial cells had a higher correlation than those using
Caco-2 cells or PAMPA. This study clarified the characteristics of each evaluation system
and confirmed that certain drugs may not be accurately evaluated in PAMPA or Caco-2 cells.
This demonstrates the importance of selecting an appropriate test system when evaluating the
membrane permeability of drugs.

]

[}

WO E BV, & bR B)RE e 2Bk
Byt 2 A L 7zin vivoikBRIZIN 2, AL Rzl ik
& Fzin vitoRBRIZ X BT R TH B, b
I % B i 0 e E Sk B B Caco- 2 Ml B 1 38 o st % 588
PRI IL K FIH SN AR TH 505, —FHOIEYW
RBMBFERBIMET L TWA 720, b NREREY %
7258k & WO RH R Y, FEWIZX > TIEIE
MICFHECE R W e H D, —F, TEREIED

LN TWwab e MPSHIREH RIGE LR Mg IE, Caco-2
W TIERBAMET LTV A EWARBEEIZONT
b MEEMEEFAREZEORENEDSND 20,
Caco- 2 flifaTid e b7 — % L MHBTE DR V3 o i
HEPEF I~ OFHESHFES T b. 72, IRE
fi A& I 72 N & S SR (PAMPA) N1 A
W=7 FNREHERE LTILLS A S NS, 4H15 4
DAY S T, Caco-2 Mg, t MNPSHIKH K
BRI, B X OPAMPAZ W72 5% & M 5E A %
WU, BEYOEEEOREICOWTHFLED S



EEHME L.

HERUHER

1. Caco-2#ifa®s XUk MPSHilfadkizE LR

FRDERBEANDFMLHFEHEDRE

(1)Caco- 2 Ml DK 2

ARMFZEAE ] § A Caco- 2 Ml fd 1X, HALZ-WF
RFNAFT VY =2y sy —X ) AFL (M
fo % 5 RBC0988), HHB AW LM% & ~
Z — 2T A RAE L 7458618 H o M i % £
L 7z. Caco-2#0 B2 1%, 20% Fetal Calf Serum
(FCS, NICHIREI), 0.1 mmol/L Non-Essential
Amino Acids Solution (Gibco) % & &rMinimum
Essential Medium Eagle With Earle’s salts
(Merck) ZMWT7 52 TH#EL, 2 RIHML
L7212, 375008108/ 7 = Witk B L) T v
A% )V 65 mm Transwell® with 04 um Pore
Polycarbonate Membrane Insert (Corning)
WL, P VAT 2 VTORIEL, 10%
FCS, 100 units/mLX=31Y ¥ -001% A LT
<A ¥~ (Nacalai Tesque) % & ¥rDulbecco's
Modified Eagle Medium#5#b (high glucose,
GlutaMAX Supplement, HEPES) (Gibco) % H
W, A P —1MIE300 uL, 727t 7% —131 mL
DHFERTHREELE THEZIZA ¥ =1 200
uL, 727 7% —1 mLOX# %55 L 7=,

(2) M PSHIMGH RS T il o B 22

v MPSHIRE R M, L7 A
VA EE R R &4 XD A L 72F-hiSIEC
% fli H L 7. Matrigel Matrix Growth Factor
Reduced (Corning) # a2 —5 4 Y27 L7235
YA V2100000 /7 = v CTHER L 72 (B
#OHH). ¥#0HH»51H HIZF-hiSIEC
Seeding Medium (&1 7 A4 v AHfGHSE), Bk
1 H H PABEIEF-hiSIEC Culture Medium (&7
ANV AFDEHREEE) &, A % — FiE150 uL,
777y —13600 LOFETHELS. 17
X2 HiE S ISR msci L, 5489 HH LR
BRI L 72

(3¢ P EAHKPUE (TEER) WIS & % HELAHIG

3% W M % 3P 5 7200213, MR ASHUE IS
WEISh, MBI by ryrvarrl
L, MR 2 ML SR L e nwa &
RHERRT A LEND S, MO HIEIL % 5EM 3

b7, WPHEWE Y AT A Y & IIVERS-2
(Millipore) ZHw, FF YA VDA ¥ H—
NeT7 7Ty —oBEMAEEZWE L TCTEERZ T
RO B L7z,

TEER (Q *cnf) = (Rm - Rb) x A

Rm: M HE R 2 0 L 724 > 9 — b~ o Pifi
(Q), Rb: Mg A ¥ — + OHUE (Q),
A A Y=+ AT L rolE (033 ci).

REBRTHR T % %Mo B IEPUH L,
Caco- 2 Mlf2 13 5% kO fii & F£ 12280 -500 Q -
cf (1), & MPSHIBLICOWTIEF—% ¥ — b
SN2 2300 Q - cf L EICREE L
7>. Caco- 2 {12 oW Ti3EE#21H H D TEER,
v MPSHINE SR B R R D Cid R &1
HHOTEEROEZ/RT (F1).

77 —A4xu—jEHEEONEIC X 5 HIEL

A

Caco-2 filad X O NPSHINE kB4 b Rz
fao g b % 5§ % 72%, TEER (Q - cif) &
FHICmZ, #tRELV Y 77— =0T ¥
7y =1 LawZ & 2R L7, Caco-2
M ZRZELTCVWA NI VAT 2 VDA VY —
F12300 ymol/LV Y 7 7 —f zua— (BEL74
IV ARIEHEEE) %300 uLimm L7z, & MPSHIE
AR A F R f TIE110 pmol/L V3 7 7 — A
T —%100 uLimim L7z, 1 Fn37C T605
W#EBET 7Ty —DONVY 77— T 0 —i
JefE (Bh P& 450 nm, H#GI% K538 nm) %
Synergy HT 7L — U — % — (BioTek) Tillg
L, 777 —=CRibL7zVy 77— 20—
D4 (LY Flux) #8&H L7,

LY Flux (%) ——eXa X Vol -0
(LYp x Volp)

LYxs 72T 5 =DV 77— 10—l

(umol/L), Vola: 727 7% — D% & (ci),
LYy FF—DNV Y77 —4 120 —iEE (umol/
L), Volp: FF—D%= (c).

LY Flux4%0.3% — 2% D E#EMEN & e o727 = )V
FERHWEZ YV E LTHEI LA (2). Caco-2
Moy 8y )b (£2), b MPSHI
B R4 BRIl TR L7247 = v & T
THMEEZ )T — L7z (£3), Vi77r—AxT
O —3B X OTEEROAEERD S, REBRTHT TS
Caco- 2 i3 X O° v MPSHIND H ke b4 bz il
DOFEEFFFFIT LY, B BRI v] 5E Ze ik
REICHLBETRETH H Z EAURE N,




®1

Caco-2fifa& b MiPSHXIZE LERMEROTEER

EMPSH
—2#M e b 7
Caco-2ld i senme |- py
TEER (Q +cm2) 355.85+87.66 1213.28+512.40
HHER TV T — L T=T =)V 21/23 9/10
Mean=*=SD

%2 Caco-2#ilaDIL> 77— TO—REEE
Well No LYp LY, Volp Voly LYy x Voly LYp x Volp % LY Flux
" (umol/L) (umol/L)  (cm®) (cm®) A B 100 x A/B
Blank 1 300 22.749 0.3 1 22.749 90 25.28
Blank 2 300 26.223 0.3 1 26.223 90 29.14
Blank 3 300 25.511 0.3 1 25.511 90 28.35
1 300 0 0.3 1 0 90 0.00
2 300 0 0.3 1 0 90 0.00
3 300 3.442 0.3 1 3.442 90 3.82 %
4 300 0 0.3 1 0 90 0.00
5 300 0 0.3 1 0 90 0.00
6 300 0 0.3 1 0 90 0.00
7 300 0 0.3 1 0 90 0.00
8 300 1.438 0.3 1 1.438 90 1.60
9 300 0 0.3 1 0 90 0.00
RV T —LIphr ol =)L
3 b NPSHXRBEERMEROILST7—4 IO—RHEE
Well No LYp LY, Vol? Volg LYy x Voly LYp x Volp % LY Flux
* (umol/L) (umol/L) (cm) (cm’) A B 100 x A/B
Blank 1 110 6.659 0.10 0.6 4.00 11 36.32
Blank 2 110 8.279 0.10 0.6 4.97 11 45.16
1 110 0.000 0.10 0.6 0.00 11 0.00
2 110 0.000 0.10 0.6 0.00 11 0.00
3 110 0.000 0.10 0.6 0.00 11 0.00
4 110 0.000 0.10 0.6 0.00 11 0.00

2. Caco-2#R8, b NPSH¥BEELRME, H&
Uk FERAEE/MNZ ERMROENKBERS K
UBE LR~ —H—ORR LS

(RNA A #

W) OFLE B OFE R A2 IE L S BFT 5 L
T, MHT MoK HEER R L R 5
CELIIMERTRTH L. T, BRI
BHEEOMBENGAET L2 5, BEMMRE
MV 3 A &0 X 9 R Bes b i s
HENDODNDRERIEET LRI S, €
=T, Caco-2filliaB X Ok NPSHINEH kG -

PN FEBL 9 2 AR, i B M
X — 71— OB FHEBLE % € mPCRTHHIG L 72.
Caco- 2 MiBIZ21 H [, & NPSHINGH R R
AMIIZ9OHE, TENFT VAT 2 )V THE
L7-fig2 i L7z, ZhZhofiigicQlAzol
Lysis Reagent (QIAGEN) %200 uLismn L <l
e R % A%, QIAZol'EE i IC 7 1 1 k)b
5 40 pLZ RN L 728 2SI T 3 4 A L 7z,
4C, 12,000 xg, 1055 i 55 /0~ 55~ Bl 7% V2 7K AH ] 45+
Z L, RNeasy Mini Kit (QIAGEN) % fHw
Th—=% VRNAZHH L7, & PEAIE® /MG



A B CYP3A4 CYP2C9
1000 1000
Gene Symbol Assay ID ? 2
18S Hs03003631_gl .5 A é 100
CYP3A4 Hs00604506_m1 2 @
CYP2C9 Hs02383631 sl % S
vill Hs01031739 ml s 10 g 10
MUC2 Hs03005103 gl B %
DCLK1 Hs00178027_m1 £ o :
1
& % F &5
‘5’%‘ & ?@’ “9 ’s._,o @y
& & < &
¥ & D o
A & &4 &
& & & &
<5 & OF <
Vil MuUC2 DCLK1
1000 1000 1000
5 5 =)
< < <
c c | =
% 100 % 100 % 100
<4 <4 IS
°3 S g
[] (] (3]
2 10 g 10 g 10
= © kS|
@ & 4
1 1 1
& & & & & &L
& & F et &5 E
@'5/ dbo @‘9 @’9 G,be 49 ggy ,00 @‘5’
D a N & D &
%@ o %@ 5 % <
Ba < & & g
&S & LA
* v o hd * b

B 1 Caco-2#ffa, k& MPSH®ERELERMRE, &0t MRAER/MNZ ERMRO
EYNBERS SOBE LRMERY—H— ORI

ER AL b — % VRNAIZ 1 Total RNA-Human WEBAL#E & LT, 18S RNAZ v, % i#ifx
Adult Normal Tissue 5 (BioChain) #%fEf L 7-. TOFRBIIISSOFHE THIE L 722 & L7,
CYP3A4idv MPSHNEHI RS LR M, B
(2)) 7% 4 LPCR X0 PEAIEE /R B AEmRNA TR B2
Caco-2 M g 3 & O° & MPSHI B H 3k B 4 - B L TzA, Caco-2 Ml THRIAIED Ll
BeAfE 2 538 L7z b — % VRNA, k& MEA otz 72, CYP2COZETHOH Y I VTHE
/NG LML b — % VRNAZ 5, Prime 5o b7z, Caco- 2 MIlE TIE, /M B2
Script RT Master Mix (TaKaRa) % H\>cDNA fa~—A—Vill OB ZE D708 i~ —
*HEW L7 TODNAZT 7L —DbhLEL, 1—MUC2, %7 Mififla~—7— DCLK 1 D%
FastStart Universal Probe Master (ROX) WERDO o722 &5, Caco-2 MlEIXH—
(Roche) 3 X U'TagMan Probe (Thermo MfafECH AL WMREENEVW & 2R L. —
Scientific) (K1A) % M v, CYP3A4, Ji. b MPSHIR HIk B LM TR, e b
CYP2C9, Vill, MUC2, DCLK 1 ®»mRNA BN N b M & W ARLS, Vill, MUC2,
%3 %CFX Opus 96 V) 7 )V % £ LAPCRY A 7 A DCLK 1 &TA %3 L Tw/: (M1B).

(Bio-Rad) # H\72%E #PCRIZ X U fi##T L 7-.



3. BEFE@M T
(1M o7 st P Ul
Caco-2 M id, v NiPSHH NG 1 3k B & & Bz M
fa, B X U'PAMPA (BD Gentest Pre-coated
PAMPA Plate System, BD Biosciences) % M
WO SRR 2 i L 72, A LA I,
Biopharmaceutics Classification System (BCS)
DN F T 2= N=H AL FF54 LIZBW

T H AR IR B PR L2 43 S LT v B Furosemide
(Merck), Atenolol (&7 4 v ARIGHiSE),
Hydrochlorothiazide (Merck) ¥ X OF /& 5 & i
P2 4330 & LT\ % Propranolol Hydrochloride
(Merck), & 5ICCYP3A4IKAFHEREDTH %
Midazolam (&t 7 4 )V AHDEHEE) 2 Hwiz

(F4).

x4 REAEFHRICHLLAEY

Human

B4 YR EB Poomy PRI (umollL)
Propranolol Hydrochloride 295.80 = 0.0002900 (3) 100
Furosemide 330.74 A 0.0000050 (3) 100
Hydrochlorothiazide 297.74 A 0.0000040 (3) 100
Atenolol 266.34 g 0.0000200 (3) 100
Midazolam 325.77 & 0.00007901 (4) 100

Caco- 2 MiBIZ21 H M, v MPSHINGH -85 b Rz
FX1IHM S VA 2 VTE#E L, ZNFNTEER
WEHEEN 2 L o VR L, A =B &
N7 77y =DK% 1% DMSO-Hank's Balanced
Salt Solution (HBSS) (Gibco) (2t L37C T 1
M #E L7z 1% DMSO-HBSS# B2 L 72, 100
umol/L/ 1% DMSO-HBSS& 72 % & 9 fR# L 7- % 1L
AW 0B 24 vy —bMSmmLi. 7227
% — 1213 1% DMSO-HBSS% &l L 72, Caco- 2 Al
o, & NPSHINE R F R RiE 34 1237°C TR L,
LREZRICT 72 77 — OB 2 B L 72 (t60%
). PAMPATIX, L¥—N—=7L—hIIFF—¢&
L T 1% DMSO-HBSST100 pmol/LIZ##L L 72 &1k

W (0 #300 uL, 74NV —TFL— T2
t 7% —% 1L T1%DMSO-HBSS %200 uLihn L 7-.
37°C T 5 WEHE L7107 7 77— 5y & Il
XL 72 (30074 ).

(2)LC-MS/MSHIE Y > 7 v D

& AR %L (Papp) B X WA RIE MRS (Pe)
#EMT A7z, 0, 607 B X Ot300E T R
LA E #LC-MS/MS (Xevo TQ-XS, ACQUITY
UHPLC H-Class Waters) Tilllig L72. ZNEFNDH
WIEER 5 IR TARAEERIZHE 1% DMSO-HBSST
L7z

x5 REGMHERYTIOFBREE

Lo Caco-21fifla EHPSjiHE;%E;EH%% PAMPA
t0 60 t0 t60 t0 t300
Propranolol Hydrochloride 1000 100 1000 100 1000 100
Furosemide 1000 10 1000 100 1000 10
Hydrochlorothiazide 1000 10 1000 10 1000 10
Atenolol 1000 10 1000 10 1000 10
Midazolam 1000 100 1000 100 1000 100




LCEM: 752D VeSO
Eo i b, IRF [ i B
o Waters ACQUITY UPLC H-Class B — L
HEAR 1uL 0.2 10 0.2 2
VIAEN ACQUITY UPLC BEH C18 1.7 um, 2.1 x 50mm 1.3 99 1.3 20
HZ7LME 50°C 2 99 2 99
BEPE A 0.1% ¥R ———— T
B: 0.1% FERAX /—IVIATR 3 2
100 100
80 80
Ms%ﬁ: o 60 - 60
HEE Waters Xevo TQ-XS - 22 = 22
AF AT —F ESIRY T 47 o .
Fyr IV —EE 0.5 kV 04 0.6 1.6 2.6 0 1 2 3
YA AT A 1200 L/hr, 500°C IR fif (min) W] (min)
=X VAZava=sg HEAA
Propranolol @ 260.2 > 116.1
Furosemide @ 329.0 > 205.0
Hydrochlorothiazide ®@ 296.0 > 269.0
Atenolol ®@ 267.1 > 144.8
Midazolam ©) 325.8 > 290.9

B 2 LC-MS/MSHIESM4

AL 721 & 30 nmol/L Diclofenac-Methanoli&
1 : 2CTRML, 20C, 20400 xg, 54, #.O
SEEL 7. m O RO EEE01% XA 1 0 2T
RBAL, ZHZLCMS/MSHlEY >~ 7 v e L7 LC-
MS/MSOME S % X 2 A-CITRT.

(3)Papp, PO
TRiatERX % 21, LCMS/MSE W5 n 7
Response D it 2> & A R % AR KPP B & O &
WARELP,,, 2 H L 72,

Py (cm/sec) = (dQ/dt) / (Cy XS)

dQ: 77277 —DILEWIRE, dr FERH
#), Co: FH— &M (umol/L), S:
AL =AY T L Ok (033 cf)

P, (cm/sec) =[1-Ca (1) /Ced/[AX (1/Vp
+ 1/Va) X t]

A A V=P ATV YO (03 cif), VD:
Fr—%w (03mL), Vo 727t 7% =% (02
mL), t JFERHE (B), Ch () = 72717 % —
DALEWIREE, Co (1) = FF—ILEWRE,
Ceq =[Cp (1) X Vp+ Ca (1) X Val/ (Vp + Vi)

L RPIZOWTRBE LM Z M L7z (&
4) (3, 4). PAMPA, Caco-2#fi 1, & FPS

MRS Lo wIThicBnwTd, h
S RE & 58 M b & W Furosemide, Atenolol,
HydrochlorothiazidelZ X, & & & AL &%
Propranolol Hydrochloride(d & \» i i i 1: % 7~
L, BCSIZEE DN ATz ==L FF L~
RS NI a8 67z (K
3A). 251 EEMMbA Y ICMidazolam% Il 2 72
5/t AW IZ2wT, PAMPA, Caco-2#if,
MPSHNE kI L file e 2 oP % 721
Pk, & MRERD S35 N 7-Ped SCHkE & DA
BPEZ g L7z (3, 4) (K3B). Caco-2#lE
DP,k e MREBROP, TIZR? = 0.7155 & IEOHM
a7z, b MPSHINHI RS BT P,,, &
v MREEDOPe TIZR? = 07724 72 1), Caco- 2 il
Xy bEVIEOMBEMEZR L. PAMPAL E
b ERBR ORI IZR? = 0.2624 & Caco- 2 Mg v
MPSHITEH RS LM & D SRV E 72 5
7z.

Z ¥

AW TN L 72Caco- 2 Mg, & NPSH RIGE
LR MIRE, B XU M AR /NG LR o #E s
FRIILE T, BE LR~ — 7 — WA H
ERIZOWT, b MPSHIREH RS Lzl v b
B NIEH /N Bl T L7288 7u 7 7 4 v



Caco-2{fig

Log P, (cm/s)

PAMPA vs b B Caco-2 vs & MERER ®
0 4 w A
g . [ € %
L o

. T, = 2 0504 -

Qg 8 {im
e Lo Re=07155
o 124 e

1 g e gl &
£ o] ® Re-ozes o oz o

9 L
o § 3 \

-6 -5 -4 -3 -6 -5 -4
£ M8 Log P, (cmis) £ i8R Log P, (cmis)

Log Papp (cm/s)

b NPSHREEE LR

b MiPSHERISE bRzl
vs k& MERBR

2.2 ° 5 .

Lad 1. Furosemide
24 1 2. Atenolol
g L] o

3. Hydrochlorothiazide

ol © 3 R2=07704 4. Propranolol Hydrochloride
- 5. Midazolam

) 5 4
& b5 Log P, (cmis)

-3

K3 PAMPA, Caco-2i#fifd, & MPSHXRZE LR
DPFE F=lEPapp & b NRERP & NIRRT

272 (M1B). —H, MEIRINZWMLOED,
Caco- 2 g ClaVill BT D N5 H DD
i E R D5y F-~ — A1 — R CYP 3 A 4 D3sBLAHE
OOoNLEDo72Z &5, Caco 2 M IZIGE F M
Ja i C & —EBORINLIC D W T DB % B L 72 274 %
ThbI PRSI (K1B) (5). & MPSHI
He H SR B 45 b R M 12 lE X, Caco-2fifa Tk FP.&
DHBAEPEWERIZR 72 2 &%, Caco-2 fillia
TIZCYP3 A4 ZHBL T/, CYP3A4K
VDY) T H A Midazolam D E#E DS FPek D B
EWEE LTI &SNS EICRRT S EHESNT
(FI3B). ft->T, EMAHMEERICLI DRI SN
ALEWOFGIZ B WTIiZ, & MPSHIN kIS Bk
M A3Caco- 2 M RLPAMPAIZ xF LB A H 5 &
Ez bhi:.

PAMPA®PZ & MPSHH R B ok s & & B2 M g %
Caco- 2 fif 12 lbxe bP, & DOMBEPEAMK A - 7225,
AR RE M X D D REEE O AT E
HarRL7zZ&nn (K3A), invitro®D % BVERE
iR A HTEETH B 2 & % HiER L7z, PAMPA
EINAANV=Ty FREBRRTH Y, BIEEROY
A7) == 7BV CHl N %Yy — Ve 1G5,
Caco- 2 Mgl v M iPSHINE R4 B R M IS T,
t FPek OMBTENL 57285, ThETICERSL

TTF— OBEIR, BHEON,FE—TFT 1 —L X
VCEEBDWEER Z &5, & MPSHIRLH kG B
A LT RN F—=UhdbbeEZbNL. £
NENOFHIRICAY v FET A Y MBH BT D
5, BIZIFPAMPA% —RA 2 ) —=v 7L LTHMH
L, Caco-2#ifig=e v MPSHINGH KB4 Lz e < —
WAZ ) ==V T RATH I ERE, B2 7- k
THEFMR 2N 5 2 &2 X Yinviro TR R
BRAZ) ==V IRERTETH L EEZ O (&
6).
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A basic study on the analysis of elemental impurities using inductivity coupled
plasma mass spectrometry (the Third report)

TAKAYAMA N, YUNOI K, YONEDA T, OGASAWARA M,
The Chemical Analysis Study Group in Toyama Pharmaceutical Research Association

3 )

A 346 RO ETINKIE H AR HICIE, —BRB: o T A6 3B <266 > 12485
HEIHE - THETICEA 2 EHT 2 BORBANEINICE Y AF iz 4%, EHNTHRIE SIS EHE
ME— o6 2 B &, TTEAMY R <266 > ZHEHL L 7SS L 20 5. BHPICIE, E
WA, A REFOMBERC S 2% EN S THEAMMITRAT 575 —ABEZLN, INHD
BTER TR OFFAMTEEL 2 RE L 2 5.

TLHEAMP M TIIRA 2 <A 7 O RIc k), BRhICESesMssZEREETHY,
- B AR e R L L7, F 72, ERWE L ELEANICOVWTIE, Ty
LRFEREZRINT A ETHMRTELIEEZRB L. L2 LAEDYS, wd O WA 0B
&, W LRI T 2 BALKEZRNT L &, SHREHZ EDICRET 5 % & OFER% 5 F A
Vv FPREE LS. FEATOL FHHEE - ERETHL L I F T TEITEEN LAY v PR,
T IALKREBREH VAV Yy FTHNRTER ., FO0, HHEOGMAY Y FEEE L. %
72, SNFECTRMFATHoATENROr v F 720 h TV EHWTIEENMY R ORRE
REEZFEHL-OT, THIZOWTHET 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>. After this announcement, except for a few cases, the drugs in the market
will be required to be managed under the Elemental Impurity Test Method <2.66>. Elemental
impurities may be contaminated in drug substances, additives, catalysts during synthesis, reaction
vessels, etc., and the evaluation of these potential elemental impurities is an important issue.

In the elemental impurity test, it is important to completely decompose the drugs into a solution
by microwave decomposition method. We have established the standard decomposition method
using nitric acid and hydrochloric acid in the previous studies. We also found that hydrofluoric
acid was useful to decompose the drugs that contained a large amount of inorganic substances.

However, in the most difficult situation to decompose the drugs, it is necessary to establish
the special decomposition method such as adding hydrogen peroxide, which is an auxiliary
oxidizing agent, or setting a long decomposition time. The celecoxib tablets, that are nonsteroidal
anti-inflammatory and analgesic drugs, cannot be decomposed by standard methods or using
hydrofluoric acid method. Therefore, a new decomposition method was established. In addition,
we report the elemental impurity test method using ketotifen capsule tablets, that have not been
studied so far.

F—TJ— KRN, TTENH, FBEET T A EREGNEL ~ A 7 aiiiiR
Key words : drug, impurity element, inductivity coupled plasma mass spectrometry, microwave
decomposition
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By Vo e EOMBEMELE L ST AR LTI,
INFETITo CEEHEN 2 FETEIMATE 20
72, T ALKFERZ RN 2LENDH L. E5I157
SR e 720 WA OB 1%, RO BERLAITH 5 MR
ILAKRFEZIMZ 5 7% EDRFER R GRA Y v FOREEEDY
BE A0, AZETIE, vl aFxy TRV, JF
BRI Ay ROWEEIT-72. F72, ThETHR
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1. 1 LaAFITEOTA IV OEFEDRTE
ARECTHHA LV aF Y 7THOKE, &0
FELUIORYT. L aF Y 72l - W2 H W2

®1. ELOFOTROEE, SHAS

EaE 0.36 g
Ll a¥ 7 200 mg
FURERAN Y
KiEHE e Fass 7o ro—2
SHEIBT | T VERIRT BT A

tradFyraertilo—A

ATT) VBT AT A

B 20 Pk & 7 v ALKEBREZ H W2 Fih L oMl T
A TR RM L 2B, SR OB R
IRBFER I N (K1), RO % k8T
WomL, =&/ —VEMAAIETHMLIzZ E»
5, HEALEWARE L Twa LEZ 5Nz HIL
EWDGELN R L T Do T2 A OXPILEE & LTI,
RREZFE L L, SN E RS T2 ENETS
N5a. T/, WHEROBBILATD 2 EERLKEZ M
THIELREMTHBLD. kil MiTid, ~f 270
W fRRE 2 B 22 A Y v Fh 5, SRR AR W
AV RIZEBL. <A 7 aikaRicBirs5t%
M 212K Y. ARETCIE, K2 (F) O&FTEL
72, <A 7 ORI BIT B IR ORE L FMT 5
720, mEEZ180TC 240CICRREL, FhZFh~
A 7o iz gL 7z S, BHiK30 mL,
35 %310 mL, 70 %A4#3.0 mL, 30%@MEbk# 2.0
mL& L7-.

1
|

=

L e

B1. ELAFITEOYA U ORDE

ot TukRBAEL (), 7vKkERSY (5)
800 800
s £
Ei 600 /// 600 J///f
R 400 . 400 -
H 200 200
0 0
0 20 40 60 2040 60 - BD 100 170140
FF i [min] B8 [min)
/oW 15 F—7 350w 300 F—7
700W 159 AMTTHEM 700W 304 AMT TSN
700W 209 %F—7 700W 609 F—7
S>50°CE TAH($1304#) S50°CETHEN(HKI3077 )
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1. 2 ELIAFITEOTA VOEFERDER

FHO< AL 7 alnmAYy FTeLaxy 78D
SR AT kR 2R 3R T. R3AmRT LIS,
IRRE DR EIRENINC FTL2 EA LA WikET
&, IR RICRS R STHERR S N, L, &
EIREEZ240CICERE LB a1, RO MW AR
NFEILRUE L 2> THBY, kL axy Tixsn
RS HIENTE., TOWZE0 mMLAAT7 S AT
ERL, RPERE L, T2, WEBEOFEiE L
THMELIGAER 2 i3 5 720, #MEGEERH o#
BHATD FIRRICHRB L 72, mEle, 3, ML KkED
RACRE I ENEN42 %, 07 %, 12%& L7-.

1. 3 ELaAFITHROTEFHMABRDIRTE

1. 3. 1 EEFBROFAN

AMETCIE, HBIBDILHEAMP BRI ST
WA O — HiE#E = (PDE) %Z2E12, R
FfhxiE L7z, 1 HEGEZL0 gBIT, MEBRICHW
LRBEE036 g <A 7 TSR ORI O %
ARFEAZ50 mL& L2 B 0mRMELZZEL T, HE

K3. ELAFTTREOYA IV ORFEEER
SEERERE180C (£), 240C (H)

RREEME () 2B L7- BHEW (£2) 2&K50HK
DRALEEAT0] (L 1),05] (LXwv2), 1] (L
NNV 3),15] (LRV4) D4EERDE)ICHEL
BEREER L (& 3). XLaxy7E#O~A
0k i 5 O BRI & [FIIRE BE D PRAHL I [, O B & 72
B &) IChEME, MR, BB LKRFEEZRML 72, kR
EixEhZEn42 %, 07 %, 12%& L7,

x2. RERR

FHERREER (7Y L MY

HHILHR

ICH/USP Oral Target Elements Standard A

Cd, Pb: 5 ppm, As: 15 ppm, Hg: 30 ppm

ICH/USP Oral Target Elements Standard B

TIL: 8 ppm, Co: 50 ppm, V: 100 ppm,
Ag, Se: 150 ppm, Ni: 200 ppm

®3. RERRDORE

~ B B L~V BT (ng/mL = ppb)

75 A TR : : = :
0] (L)1) 05] (L~X)2) 1.0] (LX)L3) 15] (L~X)L4)

As 0 54 10.8 16.2
| Cd 0 1.8 3.6 54
Hg 0 10.8 21.6 324
Pb 0 1.8 36 54
\% 0 36.0 720 108.0
2A Co 0 18.0 36.0 54.0
Ni 0 72.0 144.0 216.0

1. 3. 2 MIREFRORAH

WERHERE (F64) Z@HMK TI00RAML, fifik
W, HBRILOKZZRML 72, &RREEZhEN
42 %, 07%, 12%& L7-.

x4. NRERBROEREK

SR/ H #=EE (ppb)
Te 25,000
Sc 10,000
Ge, In, Lu, Bi 5,000




®5. ELAF I THROTHETHMOIRER

\% Co Ni As Cd Hg Pb
L axy TSR OBERE (ng/mL) 0.00 0.01 0.35 0.01 0.01 0.12 0.05
tlLaF T 7EPOEFIEE (ng/g) 0.00 1.39 4861 1.39 1.39 16.67 6.94
FRIRE (ng/g) 10,000 5000 | 20,000 1,500 500 3,000 500
TIEDERERH BRI e A5 R (ng/mL) 80.20 3871 | 156.09 12.65 3.79 23.96 394
IMEIPGAER R EH (ng/mL) 72.00 36.00 | 144.00 10.80 3.60 21.60 3.60
R (%) 111 108 108 117 105 110 108

1. 4 HEREEE

LI XY TEOITEAMM ARG R E RS IR
T.OMERS R, L ax Yy TEOSMIRTT OEET
b7, FPUERES0 mL & O AHE0.36 g iz
W, L aF Y TP OSRIBEICERETTo2 &
Lady 7 o&miRER, FERELY Th - Tw
% 2 L DR S Nz, MEIGRERORE R TIE, X
TOILHE TEHAIEMETDH 570-150 %D AN THlE %
THIENTEL. HHO~A Z7adinfiArAy v FiC
0, vV aXTTEROSEINER SN, TLRAMY)
HRERECH - 7R 2 T 5 2 LS TE 7.

2 M FTIohTEIOTHRHIA T

BT RVENE, R, WE, JERLZ & ORI
AT EVICHEELTEEINTVWS, T2V ARE
ik, ¥ F e FadFrysui A F )bkl a—
A EPHVLENTWES., AT NVZED L OIRESE
HTh b0, BILF& oA a2 RmmL, NEH
2T AT EDVH L. H T IVAREKRIZELEOMmEEF EAS
RSN T a4, WHNGGH TN HTE
VIR H B, FTTARMGEITIE, F N F Ty
hTeNER, B TReNVEIOS A 7 aiEaliikr
WL, UEAMWRBEEEB L. 7V F 720
T VOER, GAHEGER6ITIRT. KHE T,
H B 18D It HZ AW FRERE 1R #k S T 5 BREE 3 ER
L7z RERBEOFMIL, [ ioR
BERZENFILL], 08]& 75 & H IR L Z2ushnar
WAL, @mEIGREEZ TS . MAHEER, R’
IERRHAR 1 (1 JTHB I NARRHAT) O DR
Ll 3 Mo FIfEns, FEEER oM & LlE TH
LN FIED £ 15% DN TH 5. F72, WINAFHA
W2 (08 JTHBENFRNAR) Oty ZLIED
SEIMEI, RO Y 7 FIVIRESLIME X ) NS
izmRd.] E7oTW5.

xK6. T NFT7IVHTERIDER, EBRS
H 017 g

FRFT72r 7V 138 mg
I rF7zrELTlmg) 2E5HT5.
BRI A R

fEshtra— 2

ATT) VBT AT T A
FwEO YT VS AN

(B 7R IVALK)

g5 ~

roF

F ) VEREES MY T A

feim

2. 1 SN FTI0HTEILOTA I OBEPRDERE
<A 7 UERELHA] L A TRV A, EHK
6.0 mL, 35 %¥EEE1.0 mL, 70 %A5EE3.0 mL, 7 v 1k
KFEWE 01 mLEMZ, HENZAY Y F (M2 i)
TYA 7 iRz gz L7z, GE%, BRKTHR
L, 50 mL& L7z, fiig, &R, 7 v bKEBOHRA
L, ENEFEN42 %, 07 %, 01 %EHoTW5b.
F72, T ALKREBORREMERT L0, e L
T7 vAbRERZIMATIIVA 7 a0 b 17 - 72,
RELEE S5 ] 0 FBHATR © B 2 TR INEREHAT 1 & ik
BHAT 2 DEBOTIEICL Y, A4 70l iz o
7z.

2. 2 IEEBRROFAR

AIECTlE, HRIBDILEAMP BTSN T
WA REITEA O — Hg#E = (PDE) %2E12, R
FHERELZ. 1 HEGEEZI0 gBIT, RBRICHW
LRABEZ017 g ~ A 7 %O RIE O iRA%
ARAEZ50 mLE L7225 ao@mRahF 2 ER LT, HE
BREEAE() 2 B U7z, R R(3E 2) & 45 0 D Itk
BEMNO0] (LX), 05] (LXV2), 1] (LR
V3), 15] (LRV4) O4lERbXHICHEL
MEMEER L (£ 7). YV F 72007 EVD
~ A 7 TR O REHATR & [ EE O BRI K Ui
BEL D X ) ITHEEE, EME, 7 v ALKRFEEREZ L
7z, R ENEN42 %, 07 %, 01 %& L7-.



2. 3 PBEBROBE

PUBEIENE (#4) % RHUKCIO0MAR L, AL
SR 7 v KRR TRINL 7. BRI TR Th
42 %, 07 %, 01 %& L7.

2. 4 HBREEE

A7 TP R ORI DR 2 X 4128
7 ALKFERZ IR o 72560 TlE, IR
IR SHERR S TS, T v ALKERER 7 N 2 7250k 5
frCid, EWRAHEEIEON. XoT, 7 M

T A TeNOXA 7 aPafETix, 7 v AbKERE
EHVDEZEDRRNTH S L DD o7

FREESRBR DA 2 R QIR $. MW 1 Jo 3 [0
WoE O PIMEE, mMEEAER 1 (1JTHE Iz
AEHA) @ 3 e OFHHE & LT, W R
DFNDRILBLNE o T AB. F72, RINEAR
2 (08 JTHHM S N7-HURHATD) Ot D & LIIED
Wi, BEEREOMI D/ S REERLTBY, B
JERB OB AL W 2 L ATE

RT1. RERRDRE

_ . MEM LX)V BAZ (ng/mL = ppb)
7 A IV S : : : :
0] (L)L) 05] (L~NL2) 1.0] (LX)L3) 15] (L~X)L4)
As 0 2.55 51 7.65
| Cd 0 0.85 1.7 255
Hg 0 51 10.2 15.3
Pb 0 0.85 1.7 255
\Y% 0 17 34 51
2A Co 0 85 17 255
Ni 0 34 68 102
R4. FNFTIoATRIVOTA VOKESHE
TVbKFRERL (B), 7vbkFEHY (B)
£R8. FNFTIUHTRIDRERBERZER
\% Co Ni As Cd Hg Pb
et 1] (ng/mL) 34.00 17.00 68.00 5.10 1.70 10.20 1.70
AR 1]
3l O (ng/mL) 3240 16.20 65.26 5.15 1.67 10.28 1.69
IIEAEHAL 1]
3 [l O (ng/mL) 32.38 16.21 65.71 544 1.70 1045 1.71
A & D LLiREE (%) 100 100 101 106 101 102 101
EM 08 ] (ng/mL) 27.20 13.60 54.40 4.08 1.36 8.16 1.36
RIEEHARL 03]
3 [ 5E DM (ng/mL) 26.69 1350 54.10 4.29 1.35 8.59 1.36
mHEE & D ILEEIA (%) 82 83 83 83 81 84 81
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L ax Yy 7EOTTHERAMY BRI BV TIE, W
W< A 7l fEoxyy K, BXO7 v {bKER
EHWIGERA Yy FOWM G Tz kA0t &b
RS B ZEBRTELRD o AREITIT - Tz
<A 7 OWHROFRETITRKIEED L dmKRFED
60 barlliET AL, A 7o b, B
FOME TIRBKILEIET D EE R KITEL
TBY, RKEETITRESS o7, HEZEL
T 5720120, ENERSHZLZLEND S, 5
Th LWL, DHEIEL L — P WAEEE T A & %
D, HEHNOIETINEL BoTwL., £ T, @b
KRFEZRZMRA BT LT, HMHERT A ZMRICE ST Z L8
TE5.

H2032 + HNO32 gy — HNO3 + H20

WAL KREEZMA-Z212EY, ESO A H)
END20, REMEEZEHLTLILENTE, PO
WOMRE 2R ET A E TR L aF Y TENGET
EkBEbhs.

SIRERIC B AR ESIREORE LT 5720, %
EEA180C L 3w L8 a it B bAkFEA M
2. DREEEEEL LAYV Y FTORLIF T 75
BT HEIENTELR o XoT. ABILAY
ORI, EEAEL L, SMRERERELTLL
BB TH D Loz, <4 7 alnieiro7
L axy 7TEE T, JTEAMYRE L #&inmEx
R FERL, RFLHERE2MEL LD TE.

WhH TV THAETr VF T2 TV EH MR
AT, 7oIbkEBREH WL ET, A4 7 sy
R REE 22 o7z, ZOMOMES TR VHITH D7V
aAFV—=Vh TN (HE02g LT7rERFTA
LAATEN (ERE02g) ZHWT, ~4 7 ailinfEo
Wi 2 7572225, FEKICT7 vbKEBRZRNL %
WEMRTE P07, —H, AT ENVEITHLT
VI 7 hY R=VA 7l (Ex 018 g) X, 71t
KREBZ RIS TICHRT LI ENTE ., Wh7E
VHENZ, B TR VARRICERILT ¥ S E L
BEnizo, 7 ALKREBEZRML 2V EGHTE R
Mol i ihs.

H IR 18D Je AW #l BRI T FE i S LT B BREE R
BrAgEiL7-& 25, BB 1] 3 HHE DT
fili &, WMEREE 1 o 3 HlE DK & DFh
B, NEFEAE Lo Ens, RETOESIESHAS
EREICTE TV D Db orz T2, WINEEER
2 (08 JTHB S N7-GURNAT) DD & LJIEDF
WL, R L ] 3 g O T3 E O #180% &
ToTBY, BIFRBREREMGLZENTE .
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Toyama Peony Branding Promotion Project
— Research on the effects of cut flowers —

Michiyo WATARAIL Takayuki TAMURA, Kazuhiko AZUMA, Nobuyuki TAKAYAMA,
Tetsuya YONEDA, Masaru OGASAWARA, Sachiko TERASAKI, Isamu OE, Hideo OGISO,
Kenji TAKEBAY ASHI
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Summary

So far, we have selected the cultivar "Haru no Yosooi" to be branded as "Toyama Peony" and
have been promoting its cultivation, but in order to promote its production for cut flowers as well
as for shipping as a raw material for herbal medicine, we have conducted a study on the flower
harvesting conditions. As a result, we found that the root yield and active ingredient content
are not significantly affected if up to three flowers are harvested not only in the fourth year of

cultivation when the roots are harvested, but also in the previous third year.

F—O—K:Ixr7¥ 7, ®E SNE
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Peony root, Cut flower, High quality
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Progress and achievements of Mucosal Vaccine Adjuvant Project: part 2
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