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BRI OWTIRBELEL T AN, K 3ERY) VREE
PEHENEY IVRUTFVEERY, ThEhoRK
EFRELUEE, BRIRICIEEAEBT UV,
HDHNVFEEREF I BB ST X VERL, A
Bho3EEAEBEEINANWI EZHELEMZL TN
Y EHAFEEROEENREINTNEZE,H,
EHAFAEEZRAM UI2BEI0E, hOAERSOEE
&Y, HABRNOBEOBITENBEREITRIZHTHENE
BH 5.

ZZTHRE, EANFEBNOBEOBRTREZHL N
295k, INEFTIIBEOEE) VREEI BH
Xni-4FEeE (0, Zvvy? AP b
T Ny P ROV AYY) BEAL, MKKEEE,
HHPRESEROCLEEMNSG TR L, MRRVAHEE
FORELERE L.

KERTTE

1. # &
ERTAFELEUTO I8 S EH 2KREEEH L.
BESHA  F 2 No.1~3), =Y (No. D),
AV No.l), boF (KFEENo.1), Ny
(No.1) Rty 3~ (No.l, 2).

MEEERAE Ev 22y (No.1), ¥4 2 (No. 1),

Fo ¥ (KFI4KENo. 1, 2), ¥ +27¥2 (No.1), 77

Ya (No.1, 2), ¥y (No.1), A% VE (No. D),

A7 No.l, 2), YawvFxasy Nol) RNy A

(No. 1, 2).
WHRESER  A7¥ No. 1, 2), E+ 7Y 2y (No.

D, ZUYY (No.1~3), % (ARIEIE No. 1, 2),

FFE (No.1~4), ¥4V 7~7 (No.1), hvvJ~r (No
1,2), #4232 No.1, 2), ¥aw< No.1) Ry a
¥ a7 (No.l).
BEEAEH NS (No.l, 2), 72V 3% (No.
1,2, 2avK2 No.1), va7v No.1~3) RUv =
7% a7 (No. 1).

2. # B

Table 1 2R L7 9BEOFE Y »RBEIIRDCHME
THE@EOEEG TRV Ty, TR MWV
BUn-~FH Y (ANF9 V) BREMEBETEGUERZE
ERBRHAZ, Ay /- VIZFGHMETERS SERE Y
o b ST7RATRAWE BT UYL B, &
KRBT b v o GRERE - PCB R EBRA) ITFEME
TR E Bz, KRB A 4 VKEZ B W Sep-
Pak Vac tCs H— b 1) v ¥ (5g/20cc, C18 S =H T L),
Sep-Pak Plus Silica h— + 1V v ¥ (690mg, ¥ H7 W
I ZH 5 L) RU Sep-Pak Vac Diol #— b+ 1) v ¥ (1ce,
DA =WV ZH T L) 1E Waters 8= /-

3. EXRSEERH

BE8R® 125V, & 2ug/mL DRE & 725 X 51 Table
1 RO Table 2 W RUI-BEORGERRK (BESH
BARUHMEINGAERH) RS L.

Table 1 Pesticide Residues in Crude Drugs

n=3

~ Crude drug Pesticide Residue (ppm), Mean (CV¥)
Citrus Unshiu Peel No.1 For Fenitrothion (MEP) 0.06 (34.1)
Methidathion (DMTP) 0.54 (7.3)
Quinalphos 0.14 (11.8)
No. 2 Malathion 0.08 (12.4)
Parathion-methyl 0.12 (23.1)
No. 3 Fenitrothion (MEP) 0.60 (0.8)
Methidathion (DMTP) 0.60 (9.5)
Ginseng No. 1 =Y  Tolclophos—methyl 0.16 (7.1)
Glycyrrhiza No. 1 HY'v  Fenitrothion (MEP) 0.46 (1.2)
Japanese Angelica Root™ No.1 hws Fenitrothion (MEP) 0.12 (21.4)
Phenthoate (PAP) 0.15 (29.7)
Mentha Herb No. 1 Ny H Parathion 0.08 (17.6)
Perilla Herb No.1 vay Parathion 0.12 (7.5)
No. 2 Parathion—methyl .7 (9.1

* Coefficient of variation, *% Yamato, prepared from Angelica acutiloba Kitagawa
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Table 2 Recoveries of Organophosphorus Pesticides from Decoctions Based on 3 Kampo

Formulae and Their Residues

) n=3

Kampo formula Recovery (%), Mean (CV™)

Pesticide Decoction .

o - Residue
Supernatant Precipitate Total

Kamishoyosan :

Fenitrothion (MEP) 71 (1.0) 25 (3.6) 96 (1.5) 87 (4.7)

Parathion 68 (9.8) 29(17.9) 97 (1.8) 80 (5.1)

Phenthoate (PAP) 70 (5.2) 29(12.9) 99 (1.8) 86 (7.4)
Hochuekkito

Chlorpyrifos 48 (3.4) 42(14.2) 90 (8.4) 99 (5.4)

Fenitrothion (MEP) 79 (3.4) 24(20. 6) 103 (6.1) 105(12.1)

Malathion 94 (4.1) 7(21.2) 101 (4.9) 93 (5.8)

Methidathion (DMTP) 94 (6.9) 5(28.3) 99 (7.9) 101 (4.6)

Parathion-methyl 87 (3.9) 10 (3.0) 97 (3.7 97 (3.0)

Phenthoate (PAP) 66 (3.5) 33(16.5) 100 (7.4) 94 (2.0)

Quinalphos 73 (3.4) 20 (9.8) 93 (4.8) 89 (3.7)

Tolclophos-methyl 49 (3.0) 39(14. 3) 88 (6.3) 94 (6.4)
Hangekobokuto

Parathion 68(15.9) 29(22.8) 97 (5.7) 84 (9.1

Parathion—-methyl 83(11.7) 18(28.1) 101 (4.9) 85(12.4)

* Coefficient of variation

4. DFBE

41 KEFhOERZER

BER 1C0E, AERABRBR LA L. AT8L3
m& Uik

4.2 BRUHRERUAHZEBERDOEE (Scheme 1)

Table 31Z/R L7z 1 HEDAEZEY & K500mL % HEHAT
U8 (o ryfgsEs (A, MEEgy <3 )
IZAN, #4058, HEEETHE>DE, Lk
R Z K 50 mL THE L, SR LT &b
5 oMELSEE (TOMY LC-121, 3,000 rpm) %47\,
EEERF BB L. AR EOBREMIIBRY LAY
ST EE L 7z,

AHEHENCH T > 30mL, 7K 20 mL TIEKRE
#MLU7CI8 I WFTLAIZEAL, BZ7 b= bYW/
K @4:1) 5S0mLEEALE. H5L00BHELEKE
&, WCLTTREBMLT 2 M= P VEBREL
7o, BREREEAT ) Y430 g 2 ANESERSHC
BL, "FU50mLxmx, 59BRE DHE, iskE
ERRUBTREKBIIOWTRAEDA Y / —)VEERMN
L2BICoBEL, FEEMBIODVWTIE S oREL
(3,000rpm) L 2BIEHEELz. ~F ¥ VEBEEDEE
KEIZAFH50mL Zinx, LEEEFEOERIFEZE
NBL ~F¥UVExEDYE, K50mL THisk, &
KEEERF M) 7 ATHAK L. 228 2ml ICHER
WMEtk, ~FYVUENZIBESOMLIZL, REEBERA L
L7-.

BT = YWk 4:1) 50mL %Mz, 5
SEKREDF A X (5,000 rpm) %, KFAH@LA. A
toBEHC TR = P IK (4:1) 50mL Nz,
LREEERICEBIEL, AEREEbE. 2EEHENLTE
HT74b30ml, K 20mL THEXREERL-CI8 I =
HS s (BERARZIE, 7bh260ml, K20ml T
JEREEH) WWHEAL, BT b= R UMK 4:1) 50
mLEZEALE. AT L06HBHLEKRESEDYE, 40T
UTFCHERBBLY b U NVERELE. BERE
BitFr b T A bg s ANESERMZBL, ~FH v
50mL Zix, 59MiRE D%k ~FVUBEHSEWMLE.
MEREERECHTREE ISV, SWESFOR
BYa Ay /—)3mL ICBER UL KBIZA~AFY 50
mL &z, LREEROBFELEVERLZE ~FY
VEBEESDE. KS0mL THEE, SRS MY
T ATHRALRZ. Zh/82mL i BERHEE ~FH
VEMAZMRESOmMLIZL, REEBEBE L

YUBTFNIZH T L HBRIZEFE LA —VI =S
Fh (PHF=N-VIFNIZHT L, BB,

& aAFY Y 10mL THE) I, HEBKAXIIBLO

mL ZEA LK. ~FH 2V 15ml THEE, o+ —IV3
ZHSLAERVHL, TR Y/AFHY (1:9) 20mL
HEALR., BT L00FBH LKL 40CLTTH2
mL IZBERMER, ERKM T TEZEL, EEEMGIC
DONTIEAFT Y 1.0mL, IISEERECHTREEI
SWTIE T4 kv 1.0mL CHML, B EE 3R
WORBBRE L.
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Cut crude drugs per day based on Kampo formula

add water 500 mL

concentrate to half of the original volume by heating
. : T o

using decoction instrument

filter with the strainer

wash with water 50 mL

for ca. 40 min

Decoction

|centrifuge at 3,000 rpm for 5 min

Res

Supernatant

lfilter with suction

Filtrate Residue

Precipitate Ext

Filtrate

C18 mini-column
Ielute with acetonitrile/water (4 :1) 50 mL
Eluate

add acetonitrile/water
(4:1) 50 nL twice
homogenize at 5,000 rpm for 5 min

idue

add acetonitrile 80 mL
homogenize at 5,000 rpm for 5 min
ract

filter with suction

Residue
add acetonitrile/water (4:1) 50 mL
homogenize at 5,000 rpm for 5 min

Extract
filter with suction

!concentrate under reduced pressure Extract
Aqueous extract filter with suction Filtrate Residue
add NaCl 30 g
extract with n—hexane 50 nlL twice Filtrate Residue
add a little quantity of methanol C18 mini-column
(Kamishoyosan and Hochuekkito) C18 mini-column ]elute with acetonitrile/water (4:1) 50 mL
centrifuge at 3,000 rpm for 5 min Ielute with acetonitrile/water (4:1) 50 mL Eluate
(Hangekobokuto) Eluate ]concentrate under reduced pressure
[concentrate under reduced pressure Aqueous extract
Organic layer Aqueous layer Aqueous extract add NaCl 5 ¢
wash with water 50 mL add NaCl 5 g extract with n—hexane 50 mL twice
dehydrate over anhydrous Na,SO4 extract with n-hexane 50 mL twice add methanol 3 mL (Kamishoyosan
concentrate to ca. 2 mL add methanol 3 mL (Kamishoyosan and Hochuekkito)
under reduced pressure and Hochuekkito)
make up to 5.0 mL with n-hexane l Organic layer Aqueous layer

Sample solution A

Organic layer

Aqueous layer
wash with water 50 mL

dehydrate over anhydrous Na,SO,
concentrate to ca. 2 mL

under reduced pressure

make up to 5.0 mL with n-hexane

wash with water 50 mL
dehydrate over anhydrous NaySO;
concentrate to ca. 2 mL
under reduced pressure
make up to 5.0 mL with s-hexane

suspend

Sample solution B

Sample solution A~D
|take up 1.0 mL
Diol mini-column+Silica gel mini~column

wash with n-hexane 15 mL

remove Diol mini-column

Silica gel mini~column

elute with acetone/n-hexane

(1:9) 20 mL
Eluate

I

Sample solution C (Hangekobokuto)

concentrate to ca. 2 mL

under reduced pressure

dry up with N; stream
Residue

dissolve in n—hexane 1.0 mL

Test solution

GC-FPD

take up 1.0 mL

add n-hexane 3.0 mL
Sample solution D (Kamishoyosan
and Hochuekkito)

(Hangekobokuto)

dissolve in acetone 1.0 mL (Kamishoyosan and Hochuekkito)

Scheme 1 Schematic Diagram for Determination of Organophosphorus Pesticides in Decoctions Based on the Three Kampo

Formulae and Their Residues

* "Senji" made by Uchida Wakanyaku Co., Ltd.

BB 72 b= MYV 80mL &Nz, 5459M+E
PFAX (5000rpm) L7z, H5|5:BE%E, A LEOBY
Wiz7e b= bU/K @G:1) 50mL Zmz, itk
BEICRIEL, AT LY. AHEH6H1LHT L
> 30mL, K20mL CHE®KEERLZCI8I=Zh T L
(FEABICIE, 72 b2 60mL, 7K 20 mL ClEXRPES)
ZHEAL, BE7EMZFUNMK (4:1) 50mL %7

ALt B obBEHELZEEEDYE, 40CHUTTH
EEMELT b= b NVEBRELL BRERTELT b
V7 LS5gw ANZDBRRSFIZBL, ~FH250ml &
hz, 5oMiRES>%, ~FV VBEoW UL ks
EBEROCHBIREE I O>WTE, 2REIFOTEDE
A% /—)v3mL IR, KEBIT~FV > 50ml Zh
%, FREEBROBELZEVERELI-. ~FH VEEZAED
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Table 3 Amounts(g) of Crude Drug Components
of Kampo Formulae at a Daily Dose

Kamishoyosan
Atractylodes Rhizome Exyr oy 3.0
Bupleurum Root P2 3.0
Japanese Angelica Root bhUF 3.0
Peony Root X I¥T 3.0
Poria Sclerotium T Yay 3.0
Gardenia Fruit Yoy 2.0
Moutan Bark REE 2.0
Glycyrrhiza By 1.5
Ginger vav¥Xay 1.0
Mentha Herb Ny T 1.0
Hochuekkito
Astragalus Root U X 4.0
Atractylodes Rhizome Exyroay 4.0
Ginseng =V 4.0
Japanese Angelica Root hUF 3.0
Citrus Unshiu Peel FE 2.0
Jujube e 2.0
Glycyrrhiza VA 1.5
Bupleurum Root YAz 1.0
Cimicifuga Rhizome vauw 0.5
Ginger vay¥avy 0.5
Hangekobokuto
Pinellia Tuber NoH 6.0
Poria Sclerotium T7V=ay 5.0
Magnolia Bark agRY 3.0
Perilla Herb v3ay 2.0
Ginger av¥xay 1.0

¥, K50 mL TR, J|ARERST b)) v ATHRAKLL.

INEH2mL ICEERSE ~FHUEimxRE50mL
Utk RBEIFY—CERLULSERLTEYZ Dl
¥, FEENBHAHBRCELE ZO®R1.0mL
KAFHP 2 30ml 2%, MEREESROCHEFRIS
BB D & Uk, 3UBEEHE C i3 D 1.0 mL 50k
BRARUB EERICEREL, MEREORREBRE
L7

Table 4 IR L BEHREBEK D B, MKEEK A
DI, IkEESR B O LB RGBS IZ oW T,
RBRBREI 7 oRBEIIBLEL, BREKT TS5
B BPRESEARUDOLEBERVCIBIZONWT
IXEERIC 2.5 fEIRME, IIREER B ORE, LEEMNE
ADLEBRUHEBYIC>VWTIZEEC 2 EBEL, T8
ARBRBERE L. FEEMEG B O LERUCERERR
BRIZOWTL, BREBBRE~FYVVT2EHRL, &
ERFBRBRE L.

5. HEERU GC HIREH

BESR ™ ICft, RAEKERRGLBAI 70w b
57 (GC-FPD) RU'FHzxzu~w IS 7BESHE
(GC-MS) IZ &AM %EIT- 1=

6. ARMNMEUNEER
B RESRIEN 2N Z E TR U ER 2 fE

AL TESMFE YR L, MRRUIREC 2

FNEERABEERK 1L.0mL ik, EbickhtiE
fEZBts Lc. B BRERMEHC O W T 1, &
IR DWW TIE 3 El & L.

BRRUEER

1. EBOOREEE

INETRIBHOER) VREBEI MY RITH
) ENkzFvE, Zvoy, vy, buE, Ny
ARG ITIZONWT, BEBRYEEDNS VX ERARS
o, BESTZT- GITHK3.

ZOER, FUEIRE, oy, AV, b
FRUNy A& 1R, Vav2BEIOEE) VRE
A 0.08~1.7 ppm (CV 0.8~34.1%) B X 7= (Table
D).

2. DRFEOERE

itk RREBEICH T, TNThEEREROBE
EEMRICIRIFT ST e L

AREZDEFECI8 I AT LICEALREES, B
HEVERI UBESEE TCH -, TIT, BEEE
DL, EERRF|IS5BE AEECIBIZIT L
WEATAZEIZ L Fi2, EEBEERSIABLEZED
L EOBIMECUBHIZO>NWT L, BEOBENE
ZbNkZ b, EBHEE&DLYE, kTN
THREDF A ZHMHTHZ &L

AF Y VERFT AR, ERSEETEH LD, L
BIZOWTIENL T MY 2a%230g BnAZ EIZ LTz,

Fiz, AR LEBEHEREAFT VERTIE =<
Ta VHERE LD, NEREERRVCEFEIBICD
WCIRAEDA Y /—VaEEL, FEEMMGICONT
BELLTC2BIEBET S Z &t L.

IEEESE R UBFRIE OB R U RIHEEEIZD
WTE, ~FHVERTLE, SRESRICH Y U H
kEEZONHBEOHPMETRBEMIME Uiz, hvy
TIZEWTE, ZOTEYICBEIRE LEIRRETO
FRRERBY ZE0D, AV TOBEEERFIZ, Ih
HAY )= N3mLIZHEMR LR ~FYUEERETLHT
U7z,

IREERRUCRHTRIBOMEBREIZ OVWTL, §
BBBRCEISA—NV—V UV IFXNVIZHSLAE LT
B4, GCFPD 9HicBNW T~ MY v 7 XDOBEEEX
bNAE—IBREDETIREDONZ. Z2ZT, 327
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Table 4 Detection Limit and Quantitation Limit of Investigated Organophosphorus Pesticides

Pesticide Decoction Residue
Supernatant Precipitate
Detection Quantitation Detection Quantitation Detection Quantitation
limit™ limit* limit limit limit limit
(ng) (ng) (ng) (ng) (ng) (ng)

Kamishoyosan A

Fenitrothion 10 33 2 7 40 130

Parathion 3 10 3 10 15 50
Kamishoyosan B

Fenitrothion 2 5 2 7 20 68

Phenthoate 5 16 4 14 62 210
Hochuekkito A

Chlorpyrifos 2 7 2 7 23 75

Fenitrothion 3 8 3 8 18 60

Methidathion 15 50 12 40 36 120

Quinalphos 3 10 3 10 32 110
Hochuekkito B

Fenitrothion 9 30 9 30 18 60

Malathion 11 35 11 35 25 83

Parathion—methyl 12 39 12 39 33 110
Hochuekkito C

Fenitrothion 9 30 9 30 18 60

Methidathion 15 50 12 40 36 120

Tolclophos-methyl 10 33 10 33 39 130
Hochuekkito D

Fenitrothion 3 8 3 8 18 60

Malathion 11 35 11 35 25 83

Parathion—methyl 12 39 12 39 33 110

Phenthoate 9 27 9 27 87 290

Tolclophos—methyl 10 33 10 33 39 130
Hangekobokuto A

Parathion 6 20 4 14 8 25
Hangekobokuto B ’

Parathion—methyl 12 39 12 39 9 30

%1 Concentration of pesticide at S/N ratio 3; *2 Concentration of pesticide at S/N ratio 10

FALZLDBEHBREFD D, AMBRCZ~F
YU TAFICHER GEHBED) LIoh 7 208 %eT

Sl &5, BENEMLRFERIEONZ. &),

AFY UHHRYRELURBBRC2HETIE T
BT Lo, RBREI XV —THRLIERLY
BEIEEL0EAFTFUTCHERTEZEICULE
EEEMBICENT, RBRBERTHRETIBROBEIC
T b UERWERES, TERFIIHE LI LN, ~
FHUERANWAZ EIZLT
BREBTFRT AR, BEOEVWCILIREEZY
Biib 9 270, RBRBEROBE CEERROBHE 2R L
2T B0 ThH5. SR, BERKRICEITLEE
ORE (ARE) 2BEOREWVCEIORELL-EZ S,
BrxDEBEOT L N VBERICBITARER, ~FHUVE
BIZBITHREED 0.98~1.01 5 (n=3, CV0.8~65) &
BEACHEBEZRDON AN 722 &b, BERKIZ
ONWTRIRTT e b VBRZHEWSHZ EIC L.

F B EAMNEORREWE S DB-1 # 5 4T GC-FPD 4f
T 5 RBRBEEEZHEVELEATLIEICLY, E—

IREDZELWETARD LN, GC oz,
BEAQTAF—RH T LORBEFEINMBEHED
Rz &0, BEADETIHENRHDY. £ZIT, &
BEAI2EILAE L, RBREROTRICEERRYIE
AL, BREXHRALIE EETLHIELICLE I,
REDETHARD bNBEIIL, DBl A7 LAD%
ZHS0m PIBRNEEAOSA T —% T b VTHE
TAHIEICEY, BETOREICEEL:.

GC-FPD 2 #Hi DFE, InskEEE A OILEY), NHE
E®BOLE MBOHRUEE FEEMBADOLE
EUMEBY, fPRRE ARV D OLERCIEERDIC
ST, ¥—rBERHMINIE 520, ABRBREZ
2~5REICIRMEL, EERARBRBKRE L. FEEMNS
BOLERUVBEIZOWTIE, REGEA—/N—Lkk
W, REBBEEEANFT VT2HEFRLI-ODEERRR
BEWKE L. £ EEBTAIBICET N vy 7 20¥
EhERL, BELZAREBRICOWUIRERNE
HORBRERIZ DWW UIEREREICIDITS 2 LT
L=,
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BEHAE DEWCHRBRBROBHEESWICLY, BE
DEERARUCBRHERANE L > o728, BHAF T L
DREOEERAKR K HRA % Table 4 iIZ7R L7z

ikRiEES LERBRER S FRERFO 7 2 boF
VRO T 2V b~ b, IEEEREREARBRTO
NESFF VRPT7 = Z haFt /il o0nTiE, E—75

2KIZHEE LT (DB-1 #5 4). GC-FPD iz B\,

< b v 7 ZOBEBI X VRBREBERO Y — 2 RSB
BRERKEL BEAEH/IENWTY, ¥—rEREEEZH
W EERINEIC XD EEIITETHHZ &P, ikl
EHEREICB T ARMEIGER TR, E—rEBEICL
VRIFLRERABONTWAZED (B, EEIX
Y—omEREIZLDfTHY> 2 i L.

3. ARINENNEER

L S IBE A ORI B A EIRIE, sk

EEET 96~99% (CV 1.5~1.8%), #iPRSKE T 88~
103% (CV3.7~84%), ¥ EEFEG T 9I7~101% (CV
49~57%) & BIFLERMELN (Table 2). Zh
EFNOMRERDH L, nskEER LE T 68~71%, LR
YT 25~29%, WHRKEG LB T 48~94%, WEBWT
5~42%, XEEANG LIET 68~83%, LB T 18~29
% LB b b BESRB I N, LECBTHE
BIBHIZ BT 2EE VTS EE -7
AHBEICSTHEINES, MNKEBERKT 80~87%
(CV 4.7~74%), FFEK[E T89~105% (CV 2.0~12.1
%), XEEFET 84~85% (CV9.1~124%) & T
b 80%% LBV RIFRERIE LN, I%EER
BUEEEMBOBEIZ DWTE, BTPRIBOEEE
HEUEEZRLED, bz~ )y 2 20OBEIC
L2bDEEZBN.

4. BEREZEOERLHREANDBT
IBEDAERY VREBENMRIEIN-4EE (57
¥, ZvYy, AvYY, hUFE Ny ARGV IY)
ERAL, MkiBER2E BPREKEG4ERUEEE
G 2EEARL, BEOMBENOBTERUBITE
BB AEEERUBFEYAILIOREEE
H#E L, Table 5127 L7=.

41 NIEREER

AR LB BNy AP ORSFF VHVERE, VY
YRUONYFFOT 2= buFt VAR K 49ng (CV
254%) RO FhD7 = ¥ b o— FA325ng(CV 235
%), LB H» b ZTNZIERE, &K 16ng(CV 30.7%)
B 19ng (CV26.4%) I, FERNOBITERIZ

NSFF /T2%%EME 7 b—bT10%, 7=

S ROFF VT E~9%E NFNHIEEE R LT

R, DRATF A VNERE 7= boFd
VAVERK 220 ng (CV 16.3%) RU'7 = >~ hx— bt 360
ng (CV36.9%) Il BFERE 7=V rz—}
TY%EBLEL, KWT/NSF4 Y (63%E), 7
= bhosFtr (28~32%) DIETH -7,

42 BHETE

AW EE»BF Y EFRDFF )R ZD 35ng (CV28.7
%), FUYEFRDNSFAUVAFNRO I TFFODT =
V- bNEBE FUY, AUV IRCGMYFFD
T hOFF UAEA 130ng (CV15.7%), F v EH
DRSFFVHERAS2ng (CVI2K), FYEFDAF
FF4 VHVEME, WWBWIrET = buFt UHARK
34ng (CV6.3%) BiEaNniz. HMENOBITERIIYS
FA VT 26~31%EmBEL, KWTT7 2= baFt Vv
(9~17%), /X5 FF v AF N (1T%FH), FTNVEX
(13%), 7z bhx—1t (6%KHE), AF5F54+> 6
%K), 7ONVEYRIARF MV ZORIAFV (G
B ODETCH-72. 7z baFt VRUET7 2V
b T — MZOWTIEMREERD B BB I T 58
WG 7% T EEEEZR U

RUHEBE»DIZF FIAZH 290ng (CV21.9%), 7
OV Y RZ100ng (CV19.1%), N7 ORI A
WK 370ng (CV182%), NFFF U/ AFN, <7
FAVRUOAFTFAVIERE 7= baFF UH
BA39%ng (CV215%), 7 =¥ hxT— k2 330ng
(CV323%) wmHianiz. BERFZ7aVE ) RXRT
FFNVARIXTENTN 0B R 104% EFZHEL, K
WTZ7zvhxZ—F (73%), MVZaRIXAFIV (25
~57%), Z7=xz=bhOaFx v (33~50%), ¥TFF
(49%FKHE), NSFF VA FIN WB%KM), A F¥F
AV (11%%KiE) DIETH -7 .

HFEKEG CRUD OREICEITD vy ok A
FINOBHERIL, FTNTHBBRUTBERE R
HEERLE 2 MVIORIAFNVERTT 2V b
I— FDCVIEENEN 182~43.7% K1 32.3% & EfE
#RLUE PV ZORIAFNVBRBREINEZZ VY VR
V7=V bz— bABHINZ P FITOWTUIREE
HWAREEARNTNDEI 2D, INHDERELT
I, MERETHDII EIZME, ARERCBTHEE
BRBDONSYFNEZ BNz

4.3 FEEING
AR EENGY I TFRONNTFA VRUINTF I R
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Table 5 Migration of Organophosphorus Pesticides to Decoctions Based on Kampo Formula
n=3
Before decoction - Decoction Residue
Pesticide Crude drugs™ Supernatant Precipitate Total™
ng (CV*%) ng (CV) ng (CV) ng %" ng (CV) %"
Kamishoyosan A
Fenitrothion Glycyrrhiza No. 1 690 (1.2) 49(25. 4) 16(30.7) 65 9 220(16. 3) 32
Parathion Mentha Herb No. 1 80(17.6) less than 10 less than 10 less than 20 less than 25 less than 50 less than 63
Kamishoyosan B
Fenitrothion Japanese Angelica R. *® No. 1 360(21. 4) 14(39.7) 7(36.5) 21 6 99 (31. 8) 28
Phenthoate Japanese Angelica R. No.1l 450(29. 7) 25(23. 5) 19(26. 4) 44 10 360(36.9) 80
Hochuekkito A
Chlorpyrifos Citrus Unshiu Peel No.1 100(18.1) ND*"# ND*® ND - 100(19. 1) 100
Fenitrothion Citrus Unshiu Peel No. 1 120(34. 1) 11(27.8) ND* 11 9 less than 60 less than 50
Methidathion Citrus Unshiu Peel No. 1 1100 (7.3) less than 50 ND* less than 50 less than 5 less than 120  less than 11
Quinalphos Citrus Unshiu Peel No. 1 280(11. 8) 35(28.7) ND*' 35 13 290(21.9) 104
Hochuekkito B
Fenitrothion Glycyrrhiza No. 1 690 (1.2) 52 (9.4) less than 30 less than 82 less than 12 290(18.9) 42
Malathion Citrus Unshiu Peel No. 2 170(12. 4) 45 (9.4) ND*2 45 26 less than 83 less than 49
Parathion-methyl Citrus Unshiu Peel No.2 240(23.1) less than 39 ND* less than 39 less than 16 less than 110 less than 46
Hochuekkito C .
Fenitrothion Citrus Unshiu Peel No.3 1200 (0.8) 130 (15.7) 34 (6.3) 164 14 390(21.5) 33
Methidathion Citrus Unshiu Peel No.3 1200 (9.5) less than 50 ND*! less than 50 less than 4 less than 120 less than 10
Tolclophos-methyl Ginseng No. 1 650 (7.1) ND*® ND*® ND - 160(43.7) 25
Hochuekkito D
Fenitrothion Japanese Angelica R. No.1 360(21. 4) 47(25.0) 13(19.5) 60 17 180 (5.3) 50
Malathion Citrus Unshiu Peel No.2 170(12. 4) 52 (9.2) ND*1? 52 31 less than 83 less than 49
Parathion-methyl Citrus Unshiu Peel No. 2 240(23. 1) less than 39 ND*!! less than 39 less than 16 less than 110 less than 46
Phenthoate Japanese Angelica R. No.1 450(29.7) less than 27 ND*!? less than 27 less than 6 330(32. 3) 73
Tolclophos—methyl Ginseng No. 1 650 (7.1) ND* ND*® ND - 370(18.2) 57
Hangekobokuto A
Parathion Perilla Herb No. 1 240 (7.5) 29(17.8) 17(21.7) 46 19 100(11. 6) 42
Hangekobokuto B
Parathion-methyl Perilla Herb No.2 3400 (9.1) 790 (18. 4) 170(15. 8) 960 28 770(11.1) 23

%1 Crude drugs in which pesticides were detected; *2 Coefficient of variation; *3 Sum of the detected amount; *4 Migration rate; *5 Residual rate; *6 Japanese Angelica
Root prepared from Angelica acutiloba Kitagawa, Yamato; *7 not detected; *8 less than 2 ng; *9 less than 10 ng; #10 less than 3 ng; *11 less than 12 ng; %12 less than 11

ng; %13 less than 9 ng
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FIVHZNEN 29ng (CV 17.8%) KT 790ng (CV 184
%), B> HZNTN 17ng (CV21.7%) R 170
ng (CV15.8%) BRI HBENOBITRII/ NS+
FUAFNT28%, NTFFUTI9%TH-72. NS
FAUAF VOO TEFIRESErHLREIN TN
58, FEENBICETAEOF EEE R
AIHEELBIZ/S5F 4 58 100ng (CV 11.6%), /3
FFFVAFINTI0ng (CV1L1%) RHEIN-. B
FRIINNTF4 v T42%, NTFFVAF VT 23%T
b7z
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A VRUAFTFF I O0TE, BETOBEXR ()
D& 2 OB R ERE L EEZRTH, B> 5I3HRE
ENZNIED, NSFFUAFNRUERTFF IED
W, FIRIZE 2 9% RO 50% BT 5 2 & |8
LT3 BHPELEBIBI2F Y EFDBREIZS>NT
i, FYEOREFRULEAELIZIERBEOEAZ R L
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FRICIZEEAEBIT LW E8HB L TWABY, ¥
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E0D, BOEEIIHEETIRSOHEEICLY, vaY

CEAF LI RESIIZDBT L b DEEZ b,

4.5 RIHEEDROEREERE Kow - IKIBRE
RPICEE T 5BREORGFANOBITERY RUFE
W T A DRIEDOBRER W IW TKREADBIT
RO@EZOWTUE, KBREOEWEBRISELZRTZ &,
WTIZBRDKRT VY 7D BEBRERIIKEMRE Tl
< Kow (2% /=) KOBEHRED) 1ZEKFEL, log
Kow 7% 6.6 Ll EDB&, BEIWTKIZBITETITAY
V) hIZERFL, BECCOMBOIBEAERI S
ZEPBEINTNEY, 22T, £E i roRExne
BEDOKBMER log Kow % Table 6 127 L7, #
FRIGICENT, BREPOBFRD 100~104% % 75
Uiz ualVE ) R IRV F F Ik X OKERE R log
Kow 3 ZNZEN 1.4~22 mg/L RO 4.44~4.7 Th - 7=,
—7, BERIOUL T Chotcryzzbasrt v
ROSFF Y, AFTFFVRONRTFA Y AFVDOKE
REILSMHE (38~200mg/L) %#RL, log Kow IZ{EfHE
(2.2~35) ZR U7z, KBEME, log Kow A3tz FF v
ARADEL Y HIEME (10mg/L, 369 #RLET x>k
I— MIDOWTiE, BEFTOBFEERIZ 3% EFF IR
DEL D HEMEZR L. KBEBEIMEME (1.10 mg/L)
#RL, log Kow B’ EfE (4.56) ZRULI- MOk
AFNVIZDNTUL, BREFORERIISTRUTE X
NVERZBTHEFRIDBEMEEZRLEZ. INbDE
RErb, BHPEIGBEIIBTIER) VREEOBY

Table 6 Physical Properties of Organophosphorus Pesticides

Water solubility

Pesticide ng/L™ log Kofzs
Chlorpyrifos 1. 4% 4.7
Fenitrothion (MEP) 38™ 3.5
Malathion 145* 2.75
Methidathion (DMTP) 200* 2.2
Parathion 24* 3.83
Parathion-methyl 55*° 3.0
Phenthoate (PAP) 10% 3.69
Quinalphos 99*4: 6 4,44
Tolclophos—methyl 1.10™ 4,56

%] Water solubility at 25°C except for quinalphos
%2 Tomlin C. D. S., Ed. : The Pesticide Manual 12th
Ed., Surrey, British Crop Protection Council, 2000.
*3 Partition coefficient of octanol/water.

*4 National Institute for Environmental Studies
(Independent Administrative Institution) : Chemicals
Database WebKis—Plus, Pesticide Database (http://w—
chemdb. nies. go. jp/n_ovaku/n_blank. htm).

*5 Uesugi Y., Ueji M., Koshioka M., ed. : Pesticide
Data Book 3rd Ed., Tokyo, Soft Science Publications,
1997.

*6 Water solubility at 24°C.
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Fate of Residual Organophosphorus Pesticides in Decoction
Based on a Kampo Formula during Drying

Masayuki SATO*', Takashi HAKAMATSUKA™*, Masaki ANETAT*,
Hiroyuki KAMAKURA®* and Yukihiro GODA*?

Summary

During quality evaluation of crude drugs, we have sometimes detected residual organophosphorus pesticides in
them. In our previous study, we prepared 3 Kampo decoctions using crude drugs contaminated with organophospho-
rus pesticides and quantified the concentrations of the pesticides in the decoctions to evaluate the migration rates
from crude drugs to decoctions. The migration rates were less than 28% for Hangekobokuto decoction.

In Japan, about 90% of crude drugs are used as raw materials for Kampo dry extracts prepared from industrial
decoctions. Therefore, in the present work, we investigated the fate of organophosphorus pesticides in a decoction
based on a Kampo formula during the drying process. In the present work, we first prepared a decoction of Hange-
kobokuto by utilizing Perilla Herb contaminated with parathion and parathion-methyl, and then freeze-dried or spray-
dried the supernatant after centrifugation. The pesticide residues in the dried extract and the removed herbal residue
were measured by GC-FPD.

The organophosphorus pesticide contents in the freeze-dried and spray-dried extracts were 43% (for both para-
thion and parathion-methyl) and less than 10% (parathion: 6.7%, parathion-methyl: 8.9%) of those in the decoction,
respectively. On the other hand, 36% of parathion and 16% of parathion-methyl remained in the herbal residue ob-
tained by centrifugation. These data suggest that substantial amounts of pesticides in the decoction were decom-
posed or vaporized during the drying process. It was calculated that more than 85% of residual organophosphorus
pesticides contained in the original crude drug, Perilla Herb, is removed during the decoction and drying process.
The final pesticide residue levels in the freeze-dried and spray-dried extracts were 10~14% and 2~3% of those in
Perilla Herb, respectively.

Key words
Decoction, Drying process, Hangekobokuto, Residual Organophosphorus Pesticide, Parathion, Parathion-methyl,
Perilla Herb
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RERSIE

1. B 8
B CBWTHERAG TR T AW ER
ER L.

2. B
RS FF VRIS FF VA F I OEERIT, FIkt
ETEMUMOEEGZEW- TEhy, TEFZ MY

VB n-~FH Y (AFH ) ZFEMERTEHERY
BEFBRHAT, v /- (1), BlFr bV 74
%), ®AKBREES MU L (BYEBRE-PCBRERA) X
FIRMETEGE T AW, KIZERER A+ VKEAD
7=. Sep-Pak Vac tCs H— bV v ¥ (5g/20cc, CI8 3
=% 4), Sep-Pak Plus Silica #— F Y v ¥ (690 mg,
VYA VI ZH T L) RO Sep-Pak Vac Diol 1 — b
VoY (lce, PF—NIZHT L)L Waters HELZ
[AVAS

3. REREGEERR
B I2fEy, BEROGEERR AR L.

4, DiHE (Scheme 1, 2)

BESR” 12508, FEEANS 1 HEDAZEY &K 500 mL
wHEIRIUS (W 7y mERe [Rys], HEREGY
<3 [8)) ITAN, 409/, HFEF TR LD
%, Z L7z, RUHEREZKS0mL CHRE L, HHEE

Cut crude drugs per day based on Kampo formula

add water 500 mL

concentrate to half of the original volume by heating for ca. 40 min
using decoction instrument”

filter with the strainer

wash with water 50 mL

Decoction
repeat above decoction procedure
compound the decoction
make up to 550 g with water
centrifuge at 3,500 rpm for 5 min

Residue

Supernatant
ifilter through absorbent cotton
Filtrate

take up a one-fifth aliquot
freeze at -40°C (ethanol)
dry overnight

spray—dry

powder in a mortar with a pestle
Freeze-dried extract (F)

Spray-dried extract (S)

Precipitate (P)

take up four-fifths aliquot

Scheme 1 Procedure for the Preparation of Hangekobokuto Extract
* "Senji" made by Uchida Wakanyaku Co., Ltd.
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Hangekobokuto extract (F or S)

add water 10 mL

leave for 1 hour

add acetonitrile 40 mL

homogenize at 5,000 rpm for 5 min
Extract

filter with suction

Residue

add acetonitrile/water (4:1) 50 mL
homogenize at 5,000 rpm for 5 min
Extract

filter with suction

Residue
Filtrate
C18 minJ—column
Ielute with acetonitrile/water (4:1) 50 mL
Eluate
Iconcentrate under reduced pressure
Aqueous extract
add NaCl 5 g
extract with n—hexane 50 mL twice

Organic layer Aqueous layer
wash with water 50 mL

dehydrate over anhydrous Na,SO,

concentrate to ca. 2 mL under reduced pressure
make up to 5.0 ml with n-hexane

Sample solution

take up 1.0 nmL

Diol mini-column+Silica gel mini-column

wash with n-hexane 15 mL

remove Diol mini-column

Silica gel mini-column

Ielute with acetone/n—hexane (1:9) 20 mL
Eluate

concentrate to ca. 2 mL under reduced pressure
dry up with N, stream

Residue
]dissolve in acetone 1.0 mL
Test solution

I

GC-FPD

Precipitate (P)
make up to 25 mL with water
take up a half aliquot
add acetonitrile 50 mL
homogenize at 5,000 rpm for 5 min
Extract

|

The - same procedure as the case of Hangekobokuto extract

Test solution I and I*

Scheme 2 Schematic Diagram for Determination of Organophosphorus Pesticides in Hangekobokuto Extract and Precipitate
* Test solution Il was obtained from residual half aliquot.

A E &Y. EEROMBERFEBEERVE LK
R %&b/ KEmz 550g & Lz, AEE 2~
10CTC1~2 BHRFE L&, LUTOBRFEZT .
A% 5 oREOSEE (KUBOTA 6500, 3,500 rpm)
%, LtEEHERASBL. EEZEIEL/Z500mL OF
AT S 2 AED /5 BEEFERL, —40Cos—N
NZ (g /=) CCRESGRVOEFE LR E
bIEEZEREERIC Ly F Lz RYTT—HBRBRIIR &
SkERT 2B (ENATSHASERT S 28 ZEEL
7o BRIFXEIN—FIVTREHLUE, ASHTE
SHFELL, NMTVBRZBLTHrE, BIREESET
*2 (F) BExEH L

LD ABBEE X T V— I A4 ¥ —ICEA%, ELUR
RUOYA 70 ik i3 & (BEIETIZ 7V
—FSAzF2E) ZEHLL BRI IE—F
WRURETHEEXEE Lk, A 7IVRICBL, B
2TV —FIA X REZEH L~ BohikERox
Z (S) BRUMEBY P) oW THUTOREZ{T-
(BLE, Scheme 1).

¥z (FXIXS) k10mL iz, 1FEK
B#%, 7ehFUNV4OmL EZ, S5OBEIARED T A
X (5,000rpm) L7z, %5|5:E%, S| LEOEEYIC
T b= bYWK (4:1) 50mL Zi0x, LEL&EEE
WZEIEL, AEEAEDE.
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B EHENUH T b 30mL, 7K 20 mL TIEREE
#BLECIBIZHTAIZEAL, BTN YW/
K @4:1) 50mLZEALE. HSL00BHLEEE
&, 0CUTCTREREL 2 = MU IVEREL
o, BEEEREELT N v ASg EANLZSRE IR
U, ~"FH50mL &z, 50HiEEDE ~FHv
BaaB Uiz, KBIZ~FH>50mL &mz, k&
FERRDBIEEZBEVE LI, ~FH VEBEEE&DE, K50
mL THiRE, KRBT MU YATHRKLE Zhz
PemL ICEEBRGEER ~FVUEMZKRES0mL I
L, ABERE L.

VUBFNVIZA T LERIEEE LA —VIZH
Sh (- N—YUITFNIZAS A, HELUD,
R AFY 2 10mL THE) I, REHEK 1.0mL %7
AUJe. ~FH v 15mL CHEHR, oA - NVIZHT A
EROSL, T Y/AFHY (1:9) 20mL ZEAL
To. AT LAPBEHUKEE 40CHT TR 2 mL i HE
Bk, ERI[EFCEEL, 7Y 1.0mL iCHEMR
L, ERIF20ORBRERE L

B (P) WWkEMZ 25mL & L=, IEBVEY

BEROXEZEM L. 72 b= YN 50mL 1%,

59BIARES A X (5,000rpm) %, ERTF X LEHE
HEL, MBYORBREKI & L. BV OBREBRIC
DWTHERICEEL, MBYWORBRBERITE L. &
BERIRVCIOEEEZEEL, WBYhOBEESE
L7z (AL, Scheme 2).

GC-FPD 29 BBRICIE, BREZRE/II B9,
SO0 UHORABRER YT 3ERBEAL, EERNEICX
NEZE L.

5. EERU GC RIEBRM

51 ZAEAERRHBMEAZOOVKIST
(GC-FPD)

SR 1Z0E W Lz

5.2 FiEEME

RFERE | R E(L3MEnE FREEZE DRYER FDU-
830 ; BEBERR VY T/ vy ZEETHE ULVAC
GCD-135 XA

53 RTL—KRS4
AFV—=FI4 Y~ EERBELBRONZ S-S
A ¥—SD-1000 ; 2 V—KSA¥—arvFLy¥—:
B THEMYy (L b7 a7 Ly 5 SC820; AD
RE : 150°C ; OB : 85~90C ; BEREs s (BE
#) : 0.68~0.70 m%min ; "EETT : 100 kPa ; EHHE

R 7 speed BB 3.2 (#9 600 mL/h)

m =2

1. ¥BEMNGEEIFIAONE
NIFAVHBBRHEEINZY I v ERWELEERNE A
BRUONSFF UV AFNRREBENZY 3y 2ANW-%E
BANG B DBEEGERVUASV—FKS 4 2% 21250
T, BEPOOONEEOO Z%HFH 572, BEINETED
IREZHE U, BEERTF >0 TE, BUNET
41~42g [BIN#E42g LIZERACMEERLE —F
AT V—=FIALTFAZHNWTIE, EUNHT25g, @I
#®21g L INELEA LIz (Table 1).

2. ERIFARUVKEBYHROEH U REE

BEERIF 2 F), 27 Vv—F35/14xz%2 ) &
CtEY (P) »oREIN-BEEFNRI OB
NizBEELHE L, Table 2IZmR L. kil HEE
BERUZATV—FS A xxxhbrian-BEREr-
WTiE, LkiFeE GS0g—BME) *%EL -84
DIEICHTRE LT

NEIFF VIEBERTIFIHH 40ng, XS L—F
FA4ALTF b6 62ng, EYH S 33ng, /NTFA YV
AFNVEIEEERE T 05 830ng, X7/ LV—F54 T
F 205 170ng, WEWH» 5 310 ng BHE S iz,

BREBRRUZ I V—FS5 A ¥ XhDBEDBEE,
£ZR2NFF4 VT 93ng/g KU 3.0nglg, /X5F% v %
F VT 200 ng/g R U* 76 ng/g T - }= (Table 3).

Table 1  Amount of Hangekobokuto Dry Extracts
n=3
Before recovery*! After recovery*?
E
xtract £ (CV*) £ (CV)
Hangekobokuto A*
freeze-dried 4.1(6.3) 4.2 (5.3)
spray-dried 2.5 (4.8) 2.1(12.7
Hangekobokuto B*s
freeze-dried 4.2 (3.1 4.2 (0.7
spray-dried 2.5 (1.0) 2.1(2.9)

*1 Amount of extracts produced in the flask (freeze-
dried extract) or the instrument (spray-dried
extract), which were calculated by the whole
weight minus the weight of the flask or the
instrument;

*2 The amount of extract scraped out of the flask or
the instrument;

*3 coefficient of variation;

*4 Parathion was detected.;

*5 Parathion-methyl was detected.
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Table 2 Amount of Organophosphorus Pesticides in Hangekobokuto Decoctions, Dry Extracts and Their Herbal

Residues

n=3
Decoction Extract™ Herbal Residues
Pesticide Crude drugs™ Freeze-dried Spray-dried (Precipitates)
ng (CV*2) ng (CV) %™ ng(CV) % ng (CV) %
Hangekobokuto A Perilla Herb No.1
Parathion 92 (17.2) 40(10.6) 43 6.2(15.7 6.7 33(17.2) 36
Hangekobokuto B
Parathion-methyl Perilla Herb No.2 1,920 (17.6) 830(7.9) 43 170(11.4) 8.9 310(10.5) 16

*1 Crude drugs in which pesticides were detected;
*2 coefficient of variation;

*3 The extract after the whole supernatants were dried;

*4 The ratios of the amounts of pesticides to those in the decoctions

Table 3 Pesticide Residues in Hangekobokuto Dry

Extracts n=3
.. Freeze-dried Spray-dried
Pesticide nglz (CV*) ng/z (CV)
Parathion 9.3 (6.4) 3.0(2.4)
Parathion-methyl 200 (8.2) 76 (12.0)

* coefficient of variation

B

1. ¥EENZEZEIFADNE

FEEMNG A OBBZR IS RBIC DT, EIR
BEFEWEZRLCY, RBOEBIZLDEZEX
5ni-.

27V —=FKI A4 2F DT, ¥4 70rBOE
EX kg boToicdd, EHENEZEHRTAI LI
RETH - 74, BN+ X8, BEZR
¥ XBEDH 60% L {EMEZR L7 (Table 1),
AFEEENVTCHERA LI X V—-FIA4v =%, a2V
Ty P~ I DEBREIN-EREIZ L VR ZEREC
BEL, BERE KX TH5INEERELEF TRy R
SBBTHD, Korkk-29EE, o7 THREIEN

HIEIZKY, YA 7oV BEENE) IBEIN

BEHCIDY A 70 yBEOCEIENE T 5. o7
TREEN-S63, A7 0ryBLEHoBELSY 7 b
BV, 74y —%BLTHRNBHEN 5. Z0HR
ERIZ, BRBEROBELEDIBERANFHEEINDZ
RS RN, Fio, BRETCEUREO—E
DRBREORBIREL, VA7 oryHABEIN

IR, BEOBEL BREEOMEZTOIZLEEL],

YA 7o ryBROBHOAZFEE L. LT,
27 V—=FI A T F BT HREDEZIL, FIZRH

AP & REEBEAOREIC LD HDEEZ BN,

B, VA7 o vHEVRIGEN ORI X 2 Te
WENT 5 SRS TH -8, FOEBE L THE
KRLFZFIEFINDIMOPOBEBIZL AP A 70V

HRCEUIURY T ZENDRE, ML OBROZETHAN
DOREIZENEZDND.

2. CEYIROBEEY U REE

AP SR ENTZNSF T VY RUISSFH VAF I
DENTN 6B R 16BN R IEBrbBEBIni-
(Table 2). WEFIZOWTIE, (EEAE% 3,000 rpm
TH5SEEROLLEBEIZIBNTD, S0 &R
HHRHIN-EDZNZN TB RV 18% R » B
BHINTWA", \
BEHAH ¥ 2 RUT DBIZIE, BEBEEEIICAK
EODEEREICIVERSEET A2 ENEN. 2E
BFMNG LA IR ER R O FREE" KB THIE
B b BESRHINTNWAZ &b, BLOEET
DT EILKY, B EFRICEENBREIN, BRI ¥
ZHDORBEEEIIES RDHEEX BN

3. BEBEIFAROBERUVRER

BREEBR I RFONRNTFF VRS FETVAFIV
SERLCHBEIOBEINZED 43%, AT V—FF
A ZFAZDONTIEENEN 6.TH% KRV 8I9%THD, X
V=I5 2 BT HEIFREER T F BT
BHED 16~20% & E{EFR L7z (Table 2).

Fl, ATV —FSAzF2hbEEININT5FF
VRUONSFF U AFINVEEFBINGTILF XIZBITHEID
BELEZBAICENTH, FNENT74ng B.0%) RV
200ng (10%) THY, AT V—FKIFL =FZBIT5
EREETERTF XIIB T EED 19~24% L EET R
L7

Fiz, BROBEUICELTCH, A V—FF/4 %X
BT AEIEEZRIF XITBITAED 32~38% &
{EfEZ R L7z (Table 3).

4. BETRICHITIDEHYVRERDHEERE
2T V—= RS A ¥ —ZBTHRM4NOTF ZOHHK
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UERENOBREZMZ, AT V—FNIAZF2BER
HERIFZEMUCEASC -7 LTH, X T V—

KSAZX2FONRTFF VRONRGTFFVAFVEE
I3FNFN 12ng (6.2%4.1/2.1) KU 340 ng (170X 4.2/
2.1) ThY, HEEGED 40ng RO 830 ng T KTk
Motn. LA =T, R REINNATFA VD
28ng (30%), /X5 FF X F)VD490ng (26%) IZH
LI HEN, RIBEHRUOBERENDOBE S OBEFIC
LVEEL-bDEEZDBNI.

NSFF VRUISTFF v AFIVIdE O F4 v
DBE130CE L) §32 &40, ZNEFN0,S-V =
FNVERT 0,5V A FVKIZBELT B L, N5F
FUAFVFKFTHELODET D ERREEINT
WBM iz, KICBEEZHRIML, FEEICmEGRmEL
TBE, NSFF VRUITFF VA FIVITERZED
FEIZ XY, TNTN27% RV 46% LI EIE 0N
TENEBLTWEY, Bz, XFUV—-FTA4TBHE,
HEHIAOKEBNWT150C, HOIKEWT 85~90CDE
BiWEXn5. Lizd-T, X7 Vv—FIA4F¥—RHIH
FBEMEL O BEHRLEOBBIIVEMEZRLE
bpLEZ BN

BREEBEIX IARBD s DBREIN-BEET S
DRSS, NSFFVRUNTFE VAFIVEENE
N 73ng RV 1,140ng TH Y, BEIHERHBEINI 92
ng ROV 1,920 ng KRR ah otz Uiz -1T, N3
FF DWW TIE 19ng, /NTFF Y AFNIZDONTIE
780ng, Tibb, LEPFCHFEL TN RZEZZILBND
NS5 F4 ¥ 59ng RUVSSF4 2 AF)V 1,610ng DZEN
ZN RUBR P BUHFEEERICLOBERLLZ TR
5. BEREERIIFEERECKIBREZTO D, #ER
PIZEXVBEO—HLNHELIzEEZ BN,

46, BENBTUIEENBGORRIBICSTD
YD VREBEOBEEIZ ODWTERE L.

ZOER, BONBICIVREFONTF+ VRO
SFLVAFNIRBYE I —TREINDZE, &
BRBEEERIXIIVEI T V—FIAZFADHN
2i{t, o BERhloBBCIVEEZRTIE,
ARIZ NG FA VY RONRGFF VA FVEBITLIZEL
T, BREEBERCI I V—FS A ¥ 2FOEER,
AL BEREENTEDZENTI 50% LT BT 102614
TEEEZRTIENEALIE 5T

NS FF VRPNNSFH U AFIREREEINEZY IV
FRWCEEEASZHE LI-EES, AlRICZENTN 19
URV 2% LBIT LRV, Lzd-T, ZhbDE
ENY IUhLREENALE LT, AHRVERTE

ERIERIF BT LREEGEL. RELZROSE,

VAP BBREINEEDZINEN 10% KT 14%, =
FVU— P51 OHBE, 2%RV3BREEIRVEL Iz

BT EMHBA L. OEFASTF ZENTHEE

TEENEEL, EEERRTIEABEZOLNS 40,
AR ZELS R ZTOIIREERUIZ S LV—FS
A LA, TFAMAOMETRIZENTE, BRI
B SRECREFEES, WERY, BRRE 0
TERSIN A, ZNHOBEICLY, BEEEBRIFIZEL
RBZENEZDBND.

SHEFMF TF ZERBI, BREROBHESIZS
WTCERT AR, INODOEYERT HLERD 2.

fa

EHAFRKOERTRIIBT2EE) VRBEDH
B OWTHBRIZT 51z, NTFAVRUNTF+
Y AFIVHBIT UL EEMNG T E LI ER WETR
XEFEXTVv—KS5A L, Bohi-%RL* IRUEY
FOBREATEE L. ZTOER BEOSBEIC L VRKF
DREI—HBEIN, BEERRUOXTV-FF(/x
FRPQBESEIT BHREOBBIIIVIRI»OK
HENT-BEODFNEN 0B LU TRU 10% L FTH- 7.
B BEIREINY ITEBNW-E LTS, AHEK
VERTIRBIIBVWCKREINIELHEHERT 2EZEDY
5E 8% EERY, BRIFACBITLIBEEGER
BEGRLZEE, VITHLBREINLZED 10~14
%, 27 VL—=KFA L, 2~3%RELNEDES
MBI ENHELNE ST

i 2

KW EL BN EREEFEDS (BER - BEE
B|ELX LS5 Y —Y A TV XREPREZE) ZL0fT
Ph-dbDT, ZZERHHOBERET

X 23
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Trial Study to Determine Absolute Purities of Chemical Reagents Used
as Reference Standards in the Japanese Pharmacopoeia
by Using Quantitative NMR (gNMR)

Junko HOSOE*, Naoki SUGIMOTO* and Yukihiro GODA* #

Summary

In the "Crude Drugs" section of the Japanese Pharmacopoeia (JP), many chemical reagents that are commercially
available and chemically specified in the section on "Reagents and Test Solutions" are used as reference standards for
quantitative analyses. However, there is no information on the absolute purity of these standards because it is very difficult
to obtain pure natural compounds and to determine their purity with International System of Units (SI) traceability.
Therefore, in a strict sense, quantitative regulation of crude drugs and related products in JP by the use of such marker
compounds is somewhat ambiguous.

Recently, quantitative NMR (qNMR) using a certified reference material as a gNMR reference has been developed. This
method qualifies as an absolute quantification method and is theoretically able to determine the purity of any compound
with SI traceability. Therefore, we are proposing to introduce the gNMR method to JP for the specification of reagents
used as marker compounds. In this report, in order to clarify practical issues that must be solved before the adoption of
gNMR by JP, we applied gNMR to reagents (and a naturally purified compound) which are known to have wide-ranging
purity. We found that the selection of the specific NMR signal(s) for calculating the purity of the target compound was
very important. It is our view that a simple non-exchangeable signal such as a singlet or doublet should be selected and
that the numbers of selected signals should be modified depending on the level of purity of the target compound. Coexist-
ing signals from impurities in the integration section cause integration errors, and increasing the number of the selected
signals consequently enhances the likelihood of accurate integrations. Further studies and intensive discussion in the panel
on crude drugs in JP are needed to reach a final consensus on this issue.

Key words
Quantitative NMR, International System of Units traceability, the Japanese Pharmacopoeia, Chemical reagents, Marker
compounds, Crude drugs

1. @ IXZ2DOHE, EEEERNE, KRB TH B0, &
ReRER (BAERIEER) OREIEILTOLS

AAERF TR, ERBRUEFLHTF IZONT, BEEYH L. LFGRERMERRD, BESE X
EERELTOREEEEPHEEZHERT D ERE EHATTFR) B, BUUT~0IXBEDEEDLE
(A EERMER) VPREIN TS, AXE BEHLS PHTEREEENTN D, 2LOBEIDOX D LEHD

i1

* BYEERESEENRN EESHERSX EAE 1-18-1 (F158-8501)
National Institute of Health Sciences, 1-18-1 Kamiyoga Setagaya-ku, Tokyo 158-8501, Japan
# HHFE % Corresponding author & HIEL

960 EREREFE#MELFISKNI—TIUR Vol 41 No.12 (2010)



