J Nat Med (2009) 63:58-60
DOI 10.1007/s11418-008-0275-7

A guanidine derivative from seeds of Plantago asiatica
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Abstracts A new guanidine derivative named plantago-
guanidinic acid was isolated from the seeds of Plantago
asiatica. The structure was elucidated by two-dimensional
(2D) nuclear magnetic resonance (NMR) spectral and other
spectral methods.
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Introduction

The seeds of Plantago asiatica are used as a crude drug for
diuretic, antitussive, expectorant, and antiphlogistic pur-
poses. Fatty acids [1, 2}, polysaccharides {3, 4], aucubin
{51, geniposidic acid [6], and acteoside [6] were reported as
the components of the seeds. In our study of the seeds, we
detected a specific spot that was not identified as the above
mentioned compounds by thin-layer chromatography
(TLC) experiments. Therefore, we isolated the component
corresponding to the spot from the seeds. This paper deals
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with the structural elucidation of a new guanidine deriva-
tive named plantagoguanidinic acid (1).

Results and discussion

An aqueous extract of the seeds of Plantago asiatica was
extracted with n-butanol (n-BuOH). The n-BuOH extract
was washed with hexane to remove fat, then chromat-
graphed on silica gel, Sephadex LH-20, and NH-silica gel,
successively to give 1 (Fig. 1).

Compound 1 was obtained as a white amorphous pow-
der and its molecular formula was determined to be
C;;HioN30, by high-resolution electrospray-ionization
mass spectrometry (HRESI-MS). The infrared (IR) spec-
trum of 1 indicated the presence of a hydroxyl group
(3,192 cm™!) and a carboxylic group (1,691 cm™").

Compound 1 was positive to Dragendorff’s reagent [7],
sodium nitroprusside reagent [8], and pentacyanoaquofer-
riate reagent [9], but negative to Ninhydrin and Sakaguchi
reagent [9]. The 'H NMR and >C NMR spectra of 1
showed the presence of a prenyl group (C-4 to C-8), a
guanidine carbon (C-2') [10], a carboxylic carbon (C-1),
two methine carbons (C-2 and C-4'), and two methylene
carbons (C-3 and C-5"). The connections of these carbons
were clarified by double quantum filter (DQF), BC.Y, and
heteronuclear multiple-bond connectivity (HMBC) spectra
(Fig. 2). The DQF correlation spectroscopy (COSY)
spectrum of 1 indicated 'H-"H connections from H-5 to H-
5’ to establish the carbon skeleton. The HMBC correlations
of H-2, H-3, and H-4' to C-1 showed that a carboxylic
group was attached to C-2. H-4' and H-5" showed HMBC
correlations to C-2' guanidine carbon, indicating that the
guanidine group together with the C-4’ and C-5' form an
imidazoline ring. In the nuclear Overhauser effect
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Fig. 2 Significant 2D NMR correlations of 1

spectroscopy (NOESY) spectrum of 1, H-4' showed cor-
relations to both of H-5 protons, so the relative
configuration of H-4' and H-5" could not be determined,
and X-ray crystallographic analysis could not performed
because compound 1 gave an amorphous powder. Based on
these results, the planar structure of compound 1 was
identified as 2-(2-amino-4,5-dihydro-1H-imidazol-4-yl)-6-
methylhept-5-enoic acid (Fig. 1). Although similar com-
pounds that have an imidazoline skeleton in the molecule
have been isolated from some plants {11, 12], compound 1
has not been reported. Considering the plant source and the
guanidinic group, we proposed the name of compound 1 as
plantagoguanidinic acid (1).

Experiment
General

IR spectrum was measured using a JASCO FT/IR-4200
Fourier-transform infrared spectrometer. Specific rotation
was recorded on a JASCO DIP-1000 digital polarimeter.
NMR spectra were recorded on a JEOL JNM AL-400 FT
NMR spectrometer. ESI mass spectrum was obtained using

on a MICROMASS Q-Tof micromass spectrometer. For
the NMR -data, chemical shifts are expressed in § ppm from
tetramethylsilane (TMS) as an internal standard and cou-
pling constants (J) are given in Hz. Silica gel 60 (70-230
mesh, Merck), Chromatorex NH DM1020 (NH-silica gel,
100-200 mesh, FUJI SILYSIA CHEMICAL Ltd.) and
Sephadex LH-20 (Pharmacia) were used for column
chromatography. Silica gel 60 F,s4 (0.25 mm, Merck) was
used for TLC.

Extraction and isolation

Crushed seeds (1.7 kg) of Plantago asiatica (Jiangsu
province, China) were extracted twice by stirring with
water (5 L) at room temperature for 2 days. The aqueous
solution was extracted three times with n-BuOH (3 L), and
then concentrated under reduced pressure to give the n-
BuOH extract (121.7 g). The n-BuOH extract was dis-
solved in 90% MeOH, and then partitioned with hexane
(1 L) three times to give 90% MeOH extract (58.7 g). The
90% MeOH extract was chromatographed on silica gel
(85 cm id. x 46 cm) eluted with CHCI3-MeOH-H,0
(7:4:0.5) to give fraction A (2.6 g), which contained
compound 1. Fraction A was rechromatographed on
Sephadex LH-20 (7.0 cm id. x 70 cm) eluted with
MeOH, and Chromatorex NH 20 (7.5 cm i.d. x62 cm)
eluted with EtOAc-MeOH-H,0 (14:5:2), successively to
give compound 1 (1.2 g).

Plantagoguanidinic acid (1)

White amorphous powder. [«]p2°+53.0° (¢ 1.1, MeOH), IR
(KBr) ecm™: 3,192(br), 2,968, 1,691, 1,585, 1,397. HR
ESI-MS m/z: 226.1553 (Calcd. for C;{H,oN30,:226.1556).

- '"H NMR (CD;0D) é: 1.51 (1H, m, H-3), 1.60 (1H, m,

H-3), 1.61(3H, brs, H-7), 1.67(3H, brs, H-8), 2.01 (1H, m,
H-4), 2.11 (1H, m, H-4), 2.33 (1H, ddd, J = 4, 8, 10, H-2),
3.53 (1H, dd, J = 6,9, H-5'), 3.74 (1H, t, J = 9, H-5'), 4.09
(1H, ddd, J = 6, 8, 9, H-4), 5.11 (1H, brt, J = 7, H-5). 13C
NMR (CD;0D) §: 17.9 (C-7), 25.9 (C-8), 27.1 (C-4), 30.6
(C-3), 48.4 (C-5'), 59.1 (C-4"), 59.4 (C-2), 125.3 (C-5),
132.8 (C-6), 161.2 (C-2"), 180.4 (C-1).
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Analysis of Organophosphorus Pesticide Residues in Crude Drugs (Part 3*)
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Summary

A method was developed for simultaneous determination of 28 organophosphorus pesticides in Angelica Dahurica Root
(ANGELICAE DAHURICAE RADIX), Astragalus Root (ASTRAGALI RADIX), Cnidium Rhizome (CNIDII RHIZOMA),
Gardenia Fruit (GARDENIAE FRUCTUS), Glehnia Root (GLEHNIAE RADIX CUM RHIZOMA), Magnolia Bark
(MAGNOLIAE CORTEX), Pinellia Tuber (PINELLIAE TUBER), Poria Sclerotium (PORIA), Rehmannia Root (REH-
MANNIAE RADIX), Rhubarb (RHEI RHIZOMA) and Senega (SENEGAE RADIX).

The pesticides were extracted with aqueous acetonitrile. The extract was cleaned up on a C18 mini-column, and the pes-
ticide-containing fraction of the eluate was concentrated. In the case of Rhubarb, a brown sticky insoluble material was
separated from the water solution and dissolved in methanol. After addition of sodium chloride to the concentrated aqueous
solution, the pesticides were re-extracted with n-hexane. In the case of Senega, a small quantity of methanol was added
to the n-hexane to prevent emulsification. The extract was washed with water and dried over anhydrous sodium sulfate.
The extracts of Magnolia Bark were further cleaned up on a Diol mini-column and a Silica gel mini-column. The extracts
of Rhubarb were further cleaned up on an ENVI-Carb/LC-NH, mini-column. The extracts of the other crude drugs were
further cleaned up on a Silica gel mini-column.

The determination was performed by gas chromatography with FPD detection. The recoveries of organophosphorus
pesticides added at the concentration of 0.4 ¢g/g to the crude drugs, except for Angelica Dahurica Root, Cnidium Rhizome,
Glehnia Root and Magnolia Bark were mostly in the range of 70~120% (peak area method). The recoveries of methida-
thion, phosmet, edifenphos and phosalone added to Angelica Dahurica Root, Cnidium Rhizome and Glehnia Root were
greater than 120%. The recoveries of quinalphos and iprobenfos added to Magnolia Bark were 42% and 33%, respec-
tively. These lower recoveries may be due to reactions with components of the crude drug during extraction procedures.

The established method was applied to 111 samples of 16 kinds of crude drugs. Seven kinds of organophosphorus pes-
ticides were detected in 6 samples of 3 kinds of crude drugs produced in Japan and 12 samples of 4 kinds of crude drugs
produced in the People's Republic of China in the range of trace to 0.54 ppm.

The Agricultural Chemicals Regulation Law was revised on March 10, 2003, and states that a person who uses agricul-
tural chemicals shall not use them contrary to the regulations determined by ministerial ordinances (Article 12). Four
kinds of organophosphorus pesticides regulated by this law were detected in 4 samples of 2 kinds of crude drugs.

Key words
Angelica Dahurica Root, Astragalus Root, Cnidium Rhizome, Gardenia Fruit, Glehnia Root, Magnolia Bark, Pinellia
Tuber, Poria Sclerotium, Rehmannia Root, Rhubarb, Senega, Organophosphorus pesticide, Pesticide residue, GC-FPD
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TAHIZD, TNETITAE26 FZBIZONWTHITELE
HLU, BRERAEEZERELCEEY. S0, Fiioll &
HOERIZOWT BBOERY VRBESWELZHRE
L, REFREZERL-. Bio, BERMES—TKRE
SNz buEFEZ, BRRCEMEBTIER) VA
BEOFERERBIIODVWCHAET A0, £EOEEMY
WWEEE AEMESE~NOAMELHZAXN, BICoHH
EBERL L 4MEOARE (MY x YR EUKR
LG, vAFa TV REV Yy I2Y ) RUBEAERFE
AsorEEE (RHIZOMA CHUANXIONG) -2
THEREREZER LI
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THOERIVBEAS S VWIRAEEME I VRETZ T
BTo16#E CERIMAICLVEE RE BERD
BEOARICSE) 1B ZHER L. S#EFEOLEE
ERUWR%E Table LIZR L. iz, #4EDSF

Table 1 Origin of Crude Drugs

Crude drug

Angelica Dahurica Root By
Astragalus Root F X
Cnidium Rhizome ¥y
Fennel A Fav
Gardenia Fruit AN
Glehnia Root INTIRT T

Japanese Angelica Root (Hokkai) ™ h~w%
Japanese Angelica Root (Yamato) *® hU 3%

Magn.olia Bark DRy
Peony Root x IT¥T
Pinellia Tuber NV
Poria Sclerotium ZoVavy
Rehmannia Root Ay
Rhubarb A F T
Senega A
Szechwan Lovage Rhizome =

Japan China®™ North Korea™ South Korea®
2 4
3 5
11
2 9

3
3 4
7 1
3 3
2 1
5 6

3

2 1
1 11
2 7
6

4

*! the People's Republic of China, ** the Democratic People's Republic of Korea, ** the Republic of Korea, ** prepared
from Angelica acutiloba var. sugiyamae, *° prepared from Angelica acutiloba
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HAERFHTORE (EER BINETHHL, FEE
BTHELINE (0—<FFEiL4H Chuanxiong, EH
Szechwan Lovage Rhizome) & id, W¥H £ b. K
YT, PEEATHELINISERRERATHREL

e vF a v RHT 570, IS EERLBEITIE,

FEHEATHELLOOERTHDE L.

REB . E+ 7> (ANGELICAE DAHURICAE RADIX,

), b~ ¥ (ANGELICAE RADIX, dtyg¥4izR ik

WiFERKH L THA, H), &7 % (ASTRAGALI RADIX,

), % 2y (CNIDI RHIZOMA, %), JII% (RHI-
ZOMA CHUANXIONG, #R3%), "N¥& 777 (GLEH-
NIAE RADIX CUM RHIZOMA, BEUHBE), v+ 2
%42 (PAEONIAE RADIX, ##), /»v% (PINELLIAE
TUBER, #%), ¥# 7 (REHMANNIAE RADIX, #
HMBERVEHEZXALCER R, ¥4 (RHEI
RHIZOMA, #3), %4 (SENEGAE RADIX, iR).

2% . 74 %z (FOENICULI FRUCTUS) RO
3% (GARDENIAE FRUCTUS).

¥ : 274K 2 (MAGNOLIAE CORTEX).

B 721 av (PORIA, H).

22 B =

Table 2 IZ/R L7z 28 OHEHK ) VRARED DB, 1V
ANWVKRKRZARV T = F4 > (MPP) X Dr. Ehrenstor-
fer #8%, L 7 bk Z1X Accu Standard #:8, o 25
BRIMCMETEREOBEEZ TRV Ty,
T b= bYW, BFERTIFN, SVZVRUn-~FY
Vo(ANFYY) IR TEGE R RERRAE,
AZ ) —VEREMETERRSERE s v~ b5
AXZERSmEAWL, B v U7 a R, EXK
WEEST MU a (BRIEREEE - PCBRERH) &
FGAE THEHE > Az, KIZERERA 4 VkKERN
7=. Sep-Pak Vac tCis #—F 1 v ¥ (5g/20cc, C18 3

=% 54), Sep-Pak Plus Silica Z7— bV v ¥ (690 mg,

VUATF VI ZH T L) RO Sep-Pak Vac Diol 7 — b
VoY (lece, ¥YF—NIZHT L) X Waters #H8,

ENVI-Carb/LC-NH, 7 — F U v ¥ (500 mg/500 mg/6 mL,

ENVI-Carb/LC-NH, I = # 5 4) X~V a#&%xHN
7=

23 EXRORERR
FNENOBREERERY 500 ug/mL DBREE 25 K
T v b VICHEBE, HRraw bS5 A L TERIFE
MOEWBEDOEY -7 NERxbHRWEDIZ, Table 212
RUEA~D D4 T NV—TH, T2 THERLE

2ug/mL DBEICTHB L/ -,

2.4 FERns

P IZOoONnTERA XY -7 Ly — (OSTER
CORPORATION ##) THH:L, 7AFa7iZonT
B2DEESHAREE Uiz, EEIC>W L, #y)
THG%R, A2y —T7 V¥ —CHREL, BBz
T, Y CHIYIE, 3~5 BREIBRERL, A x9—7
Loy —THREL7. ZOMOERIC >V TITEBER LY
P Ly < ZMI00, A v ¥ 2 X7 ) —1.0mm
SFER) THE:LI-

2.5 HENBEOFAE (Scheme 1)

Ak 5.0gick20mL 20k, 1EEMKER Txb
ZhUNMBOmML ZINZ, 5HMAREDFAX BHEHAFE
BeEUrERTS Ace HOMOGENIZER, 5,000 rpm) L7=.
5|58k, AELEOBEWMIZT 2 MYV/IK @D
50mL %z, LEEERRICEEL BDEZEbLYE:.
DA GD1EEDHEHLUHT P 30mL, K20
mL CIE®REE L CI8 I =h 54 (BEARTIE, 7
t > 60mL, K20 mL TIERPEE. =720, 4BEA)
WHEAL, Biz72 b= b U/K (4:1) 50mL %3
ALTz. 25 L0 bBHLUEEEZEDYE, 0CUT TR
EE@ELT = UV EBRELL.

FAF I EBR AR OV, BEEEELT MY
T LSg EANEOBBICB L. AFH v 50mL
Mz, 5oMIRESE, ~FVUBEIRLE X
HIZDONWTH, "FYVVERTHIRIZI VY a VK
ELS, A% /= 3mLZEHML, 2BIZSEL
7=, KBIZA~FH50mL Zinz, LEEBEBEOERE
EFROUR U= FA4F72o0 T, BEgzET b
Vo LS5 g ANTSERRSCB L. BERESRTD
TPz OWTIEAY /=) 3mL 2R L, SHiR
L AFHr50ml iz, 5490IRESE ~
FHUEBESR L. BRI FOTEYE A Y /=
3mL IZ %, KBIZAFH > 50mL iz, EiL&
BEHEOBRIFZZE VKL=

~FY VEBEESOY, K50mL THEE, EKKRE
F R LATHRALRZ. Zhaf2ml CBERGE,
ZERRTCRELL. HERERZT 2 M V/~FH v
(3:17) 5.0mL iZHEMLI=bOTRKBERA (a7RY
BRUOTAF7EBRERE), ~FH50mL CHERLE
LOERBEBE®RB (2vXR7), M V/EFBTFIV
(1:4 50mL KEMRLI-LOEERERC (F117)
&L

ATRIRETAF 7 5B EETHTT 5B 61T,
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Table 2 Recoveries of 28 Organophosphorus Pesticides from Crude Drugs with DB-1 Column

n=3
Re¢overy (%), Mean (CV¥)
Pesticide Angelica Dahurica Root Astragalus Root Cnidium Rhizome
Area Height Area Height Area Height

Group A
(E)-Chlorfenvinphos 101 (3.1) 111 (3.7) 97 (3.8) 103 (5.0) 108 (4.6) 112 (6.8)
(Z2)-Chlorfenvinphos 106 (6.5) 103 (3.9) 96 (4.7) ~ 99 (2.4) 103 (5.2) 108 (6.3)

Chlorpyrifos 94 (3.4) 97 (3.7) 83 (4.8) 86 (2.3) 98 (7.3) 98 (4.0)
Chlorpyrifos—-methyl 96 (3.7) 101 (2.2) 86 (2.3) 90 (0.5) 102 (6.1) 108 (6.5)
Diazinon 90 (4.4) 90 (0.8) 91 (0.2) 92 (2.0) 97 (4.2) 104 (7.9)
Dichlorvos (DDVP) 94 (3.0) 95 (5.3) 61 (6.8) 62 (6.4) 95(10.6) 108 (9.2)
Ethoprophos 92 (6.3) 102 (2.6) 95 (0.5) 94 (2.2) 102 (5.2) 86 (4.7)
Fenitrothion (MEP) 104 (4.9) 112 (2.0) 94 (1.7) 9 (3.2) 110 (5.2) 123 (7.6)
Malathion 104 (3.6) 107 (6.0) 89 (1.7) 96 (2.1) 111 (6.5) 117 (4.6)
Methidathion (DMTP) 122 (7.0) 141 (5.9) 95 (1.8) 93 (2.6) 138 (6.2) 154 (4.2)
Group B
Ethion 94 (2.3) 94 (0.2) 89 (3.0) 87 (3.1) 97 (6.7) 99 (4.3)
Parathion 96 (0.6) 102 (3.7) 98 (5.3) 93 (2.0) 95 (6.5) 106 (4.3)
Parathion-methyl 102 (1.5) 123 (2.4) 96 (5.4) 99 (4.6) 112 (4.8) 138 (5.6)
Phosmet (PMP) 172 (4.0) 195 (1.9) 93 (9.9) 98 (9.6) 283 (6.4) 326 (9.0)
Pirimiphos—methyl 92 (2.9) 94 (0.9) 97 (6.5) 92 (3.7 95 (5.2) 97 (6.2)
Quinalphos 100 (2.1) 104 (3.9) 97 (5.3) 101 (5.8) 102 (5.4) 103 (3.4)
Group C
Edifenphos (EDDP) 152 (7.4) 156 (8.2) 116 (7.5) 109 (5.8) 150 (2.1) 182 (2.0)
EPN 95 (3.0) 91 (1.1) 105 (7.0) 100 (5.1) 98 (3.2) 115 (1.6)
Fenthion (MPP) 95 (3.8) 108 (2.7) 98 (4.2) 98 (0.6) 90 (4.0) 101 (1.5)
Phenthoate (PAP) 95 (5.2) 102 (4.1) 98 (1.3) 102 (2.1) 70 (6.9) 80 (2.1)
Phosalone 131 (4.7) 130 (6.1) 106 (4.4) 104 (3.3) 141 (2.0) 164 (0.5)
Tolclophos—methyl 93 (3.6) 106 (2.8) 91 (3.1) 95 (5.6) 92 (1.0) 103 (0.6)
Group D
Cyanofenphos (CYP) 103 (2.0) 95 (6.5) 99 (3.8) 103 (3.9) 98 (5.6) 118 (6.4)
Cyanophos (CYAP) 99 (2.0) 120 (4.3) 107 (1.7) 144 (2.6) 106 (6.0) 147 (4.9)
Iprobenfos (IBP) 104 (0.4) 117 (4.5) 102 (4.8) 120 (6.1) 106 (4.7) 112 (5.5)
Isocarbofos 103 (2.5) 109 (1.7) 101 (3.8) 111 (2.1) 111 (3.9) 125 (5.8)
Leptophos (MBCP) 91 (4.2) 97 (3.4) 90(14. 6) 89(13.8) 105 (6.3) 117 (7.8)
Pyridaphenthion 119 (2.5) 125-(3.5) 103 (5.8) 107 (0.8) 131 (5.8) 166 (6.3)
Recovery (%), Mean (CV9)
Pesticide Gardenia Fruit Glehnia Root Magnolia Bark
Area Height Area Height Area Height
Group A

(£)-Chlorfenvinphos 97 (4.0) 101 (5.4) 95 (5.0) 104 (5.0) 73 (3.9) 47 (3.3)
(Z)-Chlorfenvinphos 96 (4.6) 95 (5.7) 100 (4.2) 105 (4.6) 59 (3.5) 60 (3.0)

Chlorpyrifos 91 (4.2) 95 (7.5) 87 (7.6) 90 (2.1) 82 (6.3) 66 (1.3)
Chlorpyrifos—methyl 94 (5.4) 96 (6.6) 92 (1.6) 100 (1.0) 76 (8.5) 65 (3.0)
Diazinon 94 (6.7) 94 (5.1) 86 (4.4) 92 (1.7) 61 (2.5) 36 (6.4)
Dichlorvos (DDVP) 79 (1.8) 89 (7.7) 83 (8.8) 142 (2.9) 101 (6.0) 72(10. 6)
Ethoprophos 96 (5.0) 104 (6.3) 92 (1.2) 125 (0.5) 86 (6.4) 64 (5.4)
Fenitrothion (MEP) 101 (4.2) 105 (4.4) 102 (4.1) 113 (38.2) 80 (8.7) 73 (1.1)
Malathion 98 (7.4) 102 (6.6) 90 (8.8) 97 (2.5) 82 (5.7) 66 (3.9)
Methidathion (DMTP) 101 (5.7) 106 (6.4) 130 (6.5) 143 (2.0) 57 (3.1) 20 (8.5)
Group B
Ethion 101 (4.3) 106 (5.7) 91 (8.4) 99 (7.0) 79(14. 1) 31 (2.5)
Parathion 100 (5.7) 117 (5.1) 95 (6.9) 102 (5.2) 72(12. 3) 69(10. 6)
Parathion—methyl 103 (3.7) 165 (6.8) 110 (5.3) 123 (8.4) 77 (4.2) 69 (7.3)
Phosmet (PMP) 118 (5.7) 171 (6.7)  170(20.5)  184(18.4) 85(16. 1) 91(15.7)
Pirimiphos-methyl 100 (6. 3) 98 (6.8) 86 (7.1) 92 (5.1) 78(12.7) 64 (7.6)
Quinalphos 101 (5.0) 120 (4.8) 96 (6.1) 104 (6.8) 42(10.0) 28 (5.5)
Group C
Edifenphos (EDDP) 111 (4.3) 180 (0.8)  137(12.9) 114(11.9) 82 (3.4) 143 (8.3)
EPN 103 (3.4) 123 (0.8) 98 (6.2) 106 (6.9) 79 (7.1) 82 (8.7)
Fenthion (MPP) 101 (3.2) 121 (3.6) 88 (7.5) 93 (4.4) 73(17.5) 58(14.6)
Phenthoate (PAP) 99 (0.4) 99 (5.4) 78 (6.9) 83 (3.1) 72 (71.2) 62 (4.1)
Phosalone 106 (4.6) 156 (0.6) 130 (9.6) 150(10.2) 84 (9.4) 82(11.0)
Tolclophos—methyl 99 (3.0) 101 (5.2) 87 (3.9) 99 (2.4) 82 (6.1) 66 (7.8)
Group D
Cyanofenphos (CYP) 99 (2.3) 114 (3.6) 98 (4.1) 123 (2.86) 75 (1.5) 118 (4.2)
Cyanophos (CYAP) 114 (3.3) 225 (6.1) 105 (4.9) 118 (2.9) 86 (4.3) 76 (4.7)
Iprobenfos (IBP) 102 (3.4) 137 (2.0) 98 (7.3) 101 (4.5) 33(18. 4) 8 (5.9)
Isocarbofos 99 (2.0) 130 (2.4) 103 (2.9) 109 (4.3) 74 (5.0) 41 2. 7)
Leptophos (MBCP) 100 (5.9) 103 (5.4) 101 (6.3) 105 (5.0) 79 (3. 1) 79 (1.1)
Pyridaphenthion 93 (0.7) 170 (7.0) 117 (7.3) 165 (6.5) 77(14. 6) 88(10. 8)
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Table 2 Continued

n=3
Recovery (%), Mean (CV*)
Pesticide Pinellia Tuber Poria Sclerotium Rehmannia Root
Area Height Area Height Area Height
Group A

(B)-Chlorfenvinphos 104 (1.0) 105 (1.3) 97 (6.3) 96 (6.8) 104 (2.9) 103 (1.5)
(2)-Chlorfenvinphos 105 (8.0) 101 (2.4) 95 (3.6) 95 (4.0) 97 (2.3) 105 (2.6)

Chlorpyrifos 83 (7.5) 86 (9.2) 90 (4.4) 86 (5.5) 87(13.4) 76(16. 2)
Chlorpyrifos—methyl 88 (4.0) 89 (3.2) 93 (1.1) 90 (4.3) 94 (2.0) 98 (4.4)
Diazinon 92 (3.7) 94 (1.7) 94 (4.1) 91 (2.4) 92 (2.4) 96 (5.7)
Dichlorvos (DDVP) 71 (4.3) 69 (1.1) 58 (5.4) 55 (4.3) 74 (6.4) 66 (3.1)
Ethoprophos 100 (2.2) 101 (1.6) 96 (3.3) 92 (4.2) 101 (3.6) 108 (1.9)
Fenitrothion (MEP) 102 (1.5) 100 (1.8) 97 @.1) 97 (4.0) 106 (1.4) 109 (2.0)
Malathion 101 2.7 107 (2.1) 101 (65.0) 101 (1.5) 107 (6.8) 103 (3.7)
Methidathion (DMTP) 102 (1.4) 98 (1.5) 106 (8.8) 100 (4.9) 106 (2.9) 120 (0.5)
Group B
Ethion 92 (8.6) 94 (8.5) 87 (4.7) 83 (4.3) 97 (4.9) 95 (8.2)
Parathion 102 (5.4) 102 (4.4) 89(14.9) 83(12.9) 106 (7.7) 115 (9.2)
Parathion—methyl 104 (6.5) 102 (5.5) 93 (7.2) 86 (8.1) 88 (9.1) 159 (8.4)
Phosmet (PMP) 100 (6.4) 103 (5.5) 100 (4.4) 96 (2.1) 150 (5.6) 228 (8.8)
Pirimiphos—methyl 101 (2.7) 101 (5.4) 97 (4.3) 89 (3.5) 103 (5.0) 108 (6.2)
Quinalphos 102 (6.1) 103 (6.7) 96 (1.6) 90 (5.5) 107 (8.6) 186 (7.1)
Group C
Edifenphos (EDDP) 99 (3.6) 101 (4.2) 94 (0.7) 96 (4.0) 107 (6.8) 126 (7.4)
EPN 104 (5.9) 100 (2.8) 89 (3.3) 87 (5.1) 96 (6.1) 93(14. 4)
Fenthion (MPP) 95 (5.1) 95 (4.4) 90 (1.3) 89 (2.6) 94 (6.7) 92 (8.9)
Phenthoate (PAP) 86 (3.5) 90 (1.4) 93 (2.4 90 (1.8) 90 (3.7 93 (7.5)
Phosalone 102 (4.0) 100 (4.0) 102 (0.7) 94 (3.1) 100 (2.8) 114 (7.8)
Tolclophos—methyl 91 (4.8) 92 (2.9 93 (3.8) 84 (5.5) 87 (1.5) 86 (8.7)
Group D
Cyanofenphos (CYP) 105 (2.7) 110 (0.7) 99 (2.3) 92 (1.9) 101 (3.5) 124 (3.2)
Cyanophos (CYAP) 105 (2.1) 108 (2.8) 98 (2.9) 98 (1.2) 102 (3.2) 153 (4.4)
Iprobenfos (IBP) 110 (4.2) 105 (2.0) 100 (1.3) 97 (1.5) 101 (2.8) 108 (6.0)
Isocarbofos 103 (2.7) 99 (1.9) 94 (1.0) 92 (3.5) 102 (3.6) 123 (2.6)
Leptophos (MBCP) 100 (1.9) 102 (4.6) 90 (3.3) 82 (4.8) 67(14.8) 69(16.0)
Pyridaphenthion 103 (1.9) 105 (4.1) 94 (1.9) 89 (1.2) 133 (0.5) 168 (3.9)
Recovery (%), Mean (CVY)
Pesticide Rhubarb Senega
Area Height Area Height
Group A

(£)-Chlorfenvinphos 102 (8.1) 102 (3.7) 94 (5.3) 93 (3.9)
(Z)~Chlorfenvinphos 102 (3.4) 103 (56.2) 93 (6.8) 94 (4.8)

Chlorpyrifos 93 (4.6) 96 (1.5) 87 (2.7) 92 (5.0)
Chlorpyrifos—methyl 89 (3.4) 91 (5.2) 89 (1.3) 90 (4.1)
Diazinon 86 (5.3) 88 (5.0) 88 (1.8) 91 (4.7)
" Dichlorvos (DDVP) 50(13. 2) 50(17.1) 70 (7.86) 68 (5.9)
Ethoprophos 94 (2.9 90 (5.9) 92 (0.6) 91 (1.9)
Fenitrothion (MEP) 98 (3.3) 103 (5.7) 93 (3.6) 99 (3.2)
Malathion - 99 (4.3) 103 (6.6) 91 (4.5) 96 (6.7)
Methidathion (DMTP) 98 (8.6) 100 (8.6) 101 (6.0) 107 (5.0)
Group B
Ethion 100 (4.7) 103 (5.6) 94 (9.3) 93(15.7)
Parathion 98 (3.2) 104 (6.7) 102 (9.0) 98(13.9)
Parathion—methyl 99 (2.2) 102 (3.6) 98 (9.8) 105(13.2)
Phosmet (PMP) 110 (7.9) 117(11.4)  104(14.9) 118(19.6)
- Pirimiphos-methyl 96 (5.6) 95 (3.7) 96 (6.9) 94(13.2)
Quinalphos 103 (6.9) 107 (7.3) 99 (9.5) 102(12.2)
Group C
Edifenphos (EDDP) 96 (1.8) 93 (1.0 119 (3.2) 126 (5.3)
EPN 91 (4.7 99 (3.3) 95 (5.8) 99 (3.3)
Fenthion (MPP) 41(12.8) 41(14.9) 81 (3.0) 83 (4.8)
Phenthoate (PAP) 89 (3.6) 90 (3.9) 86 (2.4) 89 (3.3)
Phosalone 90 (1.6) 88 (3.7) 114 (3.2) 123 (3.6)
Tolclophos—methyl 91 (9.3) 91 (8.3) 90 (2.0) 89 (5.4)
Group D ‘
Cyanofenphos (CYP) 84 (1.6) 84 (2.9) 104 (4.5) 124 (3.5)
Cyanophos (CYAP) 91 (2.0) 92 (1.0) 108 (4.9) 147 (2.2)
Iprobenfos (IBP) 95 (3.4) 97 (1.6) 111 (3.5) 118 (2.0)
Isocarbofos 85 (3.4) 91 (1.5) 106 (1.2) 121 (3.9)
Leptophos (MBCP) 80 (4.2) 87 (4.7) 103 (9.8) 103(14.4)
Pyridaphenthion 78 (7.2) 78 (7.5) 128 (4.1) 163 (6.4)

* coefficient of variation
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Sample 5.0 g

add water 20 mL

leave for 1 hour

add acetonitrile 80 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

Filtrate Residue
}take up a quarter aliquot
C18 mini-column
lelute with acetonitrile/water (4:1) 50 mL
Eluate

[concentrate under reduced pressure
extract

add NaCl 5 g

add methanol 3 mL (Rhubarb )

extract with n-hexane 50 mL twice

add methanol 3 mL (Rhubarb and Senega)

Aqueous

Organic layer

wash with water 50 mL
dehydrate over anhydrous Na,SO,
concentrate to ca. 2 mL under reduced pressure
dry up with N, stream

Residue

(3:17) 5.0 mL
Sample solution A
|take up 2.0 nL
Silica gel mini-column
elute with acetone/n—hexane
(3:17) 13 ml
Eluate

2 mL
under reduced pressure
dry up with N, stream

concentrate to ca

Residue

dissolve in acetone 2.0 mL

Test solution I
(crude drugs except for
Magnolia Bark and
Rhubarb)

GC-FPD

dissolve in acetone/n—hexane

Diol mini-column-+Silica gel mini-column

dissolve in n-hexane 5.0 mL

Sample solution B
take up 1.0 mL

Sample solution C

wash with n-hexane 15 mL

Aqueous layer

dissolve in toluene/ethyl acetate
(1:4) 5.0mL

[take up 1.0 mbL
ENVI-Carb/LC-NH, mini-column

elute with toluene/ethyl acetate

remove Diol mini-column (1:4) 25 mL
Silica gel mini-column Eluate
elute with acetone/n-hexane concentrate to ca. 2 mL
(1:9) 20 mL under reduced pressure
Eluate dry up with N, stream

concentrate to ca. 2 mL Residue
under reduced pressure

dry up with N, stream Test solution IO

Residue (Rhubarb)
Idissolve in acetone 1.0 mL
Test solution II GC-FPD

(Magnolia Bark)

GC-FPD

Idissolve in acetone 1.0 mL

Scheme 1 Schematic Diagram for Determination of Organophosphorus Pesticides in Angelica Dahurica Root, Astra-
galus Root, Cnidium Rhizome, Fennel, Gardenia Fruit, Glehnia Root, Japanese Angelica Root, Magnolia Bark, Peony
Root, Pinellia Tuber, Poria Sclerotium, Rehmannia Root, Rhubarb, Senega and Szechwan Lovage Rhizome

HoLUHTE hv/i~FH Y (3:17) 10mL THEL
= AT NI Z AT AT, REBKA 20mL #EA
Liz. T bFVIANFHY (3:17) 3mL, 10mL ZIEK
HEAL, 7540 6BHLAREELE. BHE%E 40

CHUTTH2mL KHERER, ERKMTCEEL

T bV20mLICHERL, BBRBERI L L
IR ESHTHESITIE, Y)AFNVIZ AT L

FRICEE LY —VIZHTA (A= — ) F
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TWVIZHT AL, BOEIUDEHE2~AFY L 10mL TH
) 17, ABBEB 1O0mLEZEALE. ~AFH 15
mL TEEiE, U —NVI=—HT LBV L, T
VINnFH Y (1:9 20mLEEALE. IS LANBEH
L% 40CL T T/ 2 mL K BF MR, E25KT
TEEL, 7bhbv1.0mL iZE®RL, RBEEIEL
7=,

TAXTEIHTHESCE, HELLD T/
g £ )b (1 : 4) 10 mL C## L 7= ENVI-Carb/LC-NH,
SoAhTLE, PREBEKC 10mL ZEALK. MLz
VIEFBTIFIN (1:4) 25mL ZHEAL, 77 400%H
Lz, BHEE% 40CHUT T/ 2 mL IZFE
Bk Z2RKWTCEEL, 7t MY 1.0mL iZEF
L, REABEIE L.

2.6 ZEBNRU GC RIEEM

B @y, RERERRESBMATIZ 7o v 7S
7 (GC-FPD) RUA 22 a<w b7 7EEDHE (GC-
MS) L&A ET-7= 2120, FA4 47> T
i, #5741 (BEM) 2 ]&W#E DB-1 Xid DB-1
MS (0.25 mm id.xX30m, [BE 0.25um) ZHW =,
EZy - A A (m/z) : 323, 185, 169, 157 (EPN) ;
289, 230, 136 (A YV HIRKZX) 220, 187, 185, 109
(7o) x) ;304 199, 179, 137 (¥4 T7¥ /) V) ;
263, 125, 109 XS+ v AF)V) ; 277, 260, 125 (7
s hOFF ) 274, 246 (7= bx— b)),

2.7 RINENGIER
SHARK0g H o U BERASEERIK 1.0
mL ZEML, 30 oEICHBREZRG Lz, R8s
FHRIFRHZ DWW T 1 B, TR >WTid 3@ &
L7,

3. & B

3.4 RINENREER

BIER” & %12, DB-1 RO CBP-10 1 5 4% B i=45
EOY—7HBERVE—7EBICLBEMNELZEH L
(Table 2, 3).

DB-1 # 5 o AWEEE, V¥ Hryy, Nv

FRUOTZ ) a 7iZBFHEMEL, 227 alRzLst,

83~118% (HE) Th -7

Ev 2y, €VFadRUNIRITIIFDOAFTF
F v, RARX v b, TT47zVERARVEKRYOTY, &
VFELY, VFIRPRRIFOC) ST 2 vFF
PAIHEDARZ A v hOEINEIT 122~283% (FEE) T

%07‘:.

FYE T2 3 IROTAFTHREOY 2 OVEZ,
IR IFD (Z)-2aNT 2 VE VKRR, FATI Y,
AFTFE Y, FFVERARVPA TOR VKRR, PA7
FOVI I RARVTAFIFDT = VFF v OEINE
1% 33~67% (EHD) Thore.

NIRRT T, TAIRIBOELEFTFEDORAA Y bD
CVIZEE (14.9~205%) ZRLI-.

CBP-10 7 7 2% FWZBA, £UF, vy, N
VERCGT 7Y a7icBIFARINEE, Yo allR L
St 84~120% (HH) Th iz

B, RXAAv N T4 7zVKRX FYOV L
FrRARUVEY Y7 = VFF VIZDO0WTIE, GCRE
ETD, CBP-10 7T A XPERBIIEETH - 7-.

HARrza< 7T L EORERBIZENWT, EER
BROBELHEL 0L DU LEOERT DN BEY
Table 4 IZ7R L7, Ev2yFDfRyoy, vVFa7
FDIATY /)Y, NIETTIFDLT 47 2 VKX,
ayRoHD (E)-7al7 = YEVkZR, 2)-ral
Tz VEVERA, T hFOKRZ, TFFV, KX A vk,
I5 4 7= VKX, EPN, k¥oy, ¥7./7xVKZ,
VISP RABROCE Y &7 = VFF 12 0102 4 ~1.261
SOBNBRDONZ. FA4 X TFRDT I alVRX
(CBP-10) IZ2oWTiZ 0134 2R E -7

AYRIFDOIFF DY —213, CBP-10 45 4%
BWIEE, 2RI S ERIZOBE L.

3.2 EFHOEEBEER

A3 16 FE LLREC OV T 28BEOER) VRE
BOBBRAEXT-1-#R 6 HE 8BErH 7THEE
OFHE) VREEIMEH XN (Table 5).

ERE by F JhiEMR) 7HRES 1 #RE (FR 16
EAR) BT baoFAF UaVENR ERENYF
(KFo49R) 3#fdh 2 Bk (PR 4 EROCFR 17 F
AT b7z boFFd VAR K0.39ppm, 1K
CPRITEAT) 25547/ 5011 ppm, 1%k
(FRE 14 AT 57 =z ¥ bx— hA30.20 ppm R H
iz, PEEMTF (KFI4E 3REF2HREND
7z Z hOFF VUHEK 0.05 ppm RIB XN

EARELYF 27 11 BEP28E (FRI6FE6 AR
e 17 £ 11 B AR 25 EPN 3% X 0.54 ppm, 2
BiE OWThERITEI AAT) b7y bx—
k28K 0.40 ppm B H X7z,

REE) B4 REF 3RENP DAV HIVRKRZIHEKX
0.16 ppm, 2 RENE/NNTF4 2 X F)VH K 0.18 ppm
wmHI N~
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Table 3 Recoveries of 28 Organophosphorus Pesticides from Crude Drugs with CBP-10 Column

n=3

Recovery (%), Mean (CV)
Pesticide Angelica Dahurica Root Astragalus Root Cnidium Rhizome
Area Height Area Height Area Height

Group A
(E)-Chlorfenvinphos 108 (9.6)  113(10.4) 92 (3.4) 98 (4.2) 114 (8.0) 108 (7.3)
(Z)-Chlorfenvinphos 112(10.0) 116 (8.1) 90 (4.3) © 96 (4.3) 112 (5.8) 111 (4.3)

Chlorpyrifos 92 (9.2) 101 (6.9) 85 (4.9) 79 (3.9) 90 (5.2) 96 (5.0)
Chlorpyrifos—methyl 93(10.3)  107(12.0) 84 (4.8) 87 (2.7) 95(10.5) 108 (7.9)
Diazinon 96 (6.9) 95 (5.9) 89 (3.6) 86 (3.0) 86 (5.8) 70 (3.2)
Dichlorvos (DDVP) 82 (6.6) 81 (8.1) 64 (9.7) 66 (6.3) 80 (6.6) 75 (4.7)
Ethoprophos 94 (7.2) 99 (8.1) 87 (6.5) 92 (5.4) 98 (5.4) 101 (6.7)
Fenitrothion (MEP) 99(14.5) 104 (8.5) 93 (3.8) 94 (6.3) 111 (0.9 120 (2.5)
Malathion 100(10.9) 120 (8.2) 95 (3.3) 93 (6.2) 106 (2.0) 104 (2.8)
Methidathion (DMIP)  129(14.1) 126(17.8) 94 (6.1) 99 (7.8) 126(12.6) 127 (6.9)
Group B
Ethion 96 (0.6) 101 (1.4) 87 (5.6) 89 (5.9) 99 (5.6) 102 (5.0)
Parathion 93 (2.3) 93 (0.9) 94 (3.8) 101 (6.4) 100 (7.1) 104 (5.8)
Parathion-methyl 96 (3.2) 108 (4.8) 96 (3.6) 104 (2.6) 126(11.2) 124 (6.8)
Phosmet (PMP) ND*? ND ND ND ND ND
Pirimiphos-methyl 90 (3.6) 94 (2.6) 94 (6.5) 91 (8.7) 93 (3.2) 96 (3.0)
Quinalphos 106 (0.6) 109 (1.1) 95 (6.3) 100 (2.9) 97 (7.0) 106 (6.4)
Group C
Edifenphos (EDDP) —*3 - - - - —
EPN 102 (5.5) 99 (1.5) 104 (7.4) 110 (4. 1) 111 (4.5) 103 (3.9)
Fenthion (MPP) 99 (3.8) 100 (3.6) 99 (2.5) 103 (4.4) 94 (2.9) 94 (3.3)
Phenthoate (PAP) 95 (6.0) 99 (3.3) 105 (5.6) 105 (5.6) 93 (5.1) 92 (1.9)
Phosalone ND ND ND ND ND ND
Tolclophos—methyl 93 (1.6) 91 (1.5) 99 (0.5) 102 (4.4) 97 (2.0) 98 (1. 1)
Group D
Cyanofenphos (CYP) 108 (5.9) 110 (6.4) 107 (3.9) 118 (3.6) 109 (4.6) 115 (7.2)
Cyanophos (CYAP) 100(11.8) 110 (8.3)  102(10.4) 154 (4.9) 124 (3.3) 146 (1.4)
Iprobenfos (IBP) 108(10.8) 108 (6.1) 114 (6.4) 153 (3.4) 108 (5.7) 128 (5.4)
Isocarbofos 117 (9.1) 116 (8.4) 120 (5.1) 152 (4.8) 128 (4.2) 137 (2.1)
Leptophos (MBCP) — - - — — -
Pyridaphenthion — — — - . —
Recovery (%), Mean (CV'D)
Pesticide Gardenia Fruit Glehnia Root Magnolia Bark
Area Height Area Height Area Height
Group A

(£)-Chlorfenvinphos 97 (0.3) 102 (6.4) 102 (3.5) 102 (2.0) 76 (3. 4) 62 (7.6)
(Z)-Chlorfenvinphos 100 (3.3) 109 (6.2) 100 (0.3) 112 (2.7) 86 (2.0) 60 (0.6)

Chlorpyrifos 93 (6.1) 93 (4.6) 100 (2.4) 96 (6.0) 84 (5.0) 77 (1.3)
Chlorpyrifos—methyl 95(10.7) 105 (3.1) 105 (7.2) 105 (2.5) 103 (5.3) 80 (3.9)
Diazinon 96 (2.3) 98 (4.9) 92 (4.7) 94 (2.4) 66 (2.4) 58 (3.2)
Dichlorvos (DDVP) 88(13.8) 133 (3.6) 75 (6.5) 77 (5.4) 89 (1.8) 138 (0.9)
Ethoprophos 95 (2.5) 121 (3.0) 91 (3.7) 92 (3.8) 92 (3.5) 83 (2.1)
Fenitrothion (MEP) 101 (1.6) 114 (1.6) 117 (3.4) 113 2.7 93 (2.7) 93 (2.4)
Malathion 97 (1.3) 104 (5.5) 113 (3.3) 107 (4.8) 86 (2.6) 84 (4.4)
Methidathion (DMTP) 99 (3.2) 137 (4.7) 162 (4.8) 122 (3.0) 88 (6.0) 50 (3.9)
Group B
Ethion 94 (5.6) 100 (5.0) 97 (8.8) 102 (6.3) 79 (0.7) 51 (8.8)
Parathion 91 (4.1) 103 (3.9) 102 (6.6) 105 (9.5) 94 (1.0) 92 (3.0)
Parathion-methyl 103 (7.2) 130 (3.5) 122(12.6) 118 (5.0) 91 (3.0) 96 (4.3)
Phosmet (PMP) ND*? ND ND ND ND ND
Pirimiphos-methyl 90 (3.2) 92 (6.5) 96 (7.7) 97 (4.0) 75 (6.0) 78 (2.7)
Quinalphos 98 (2.3) 113 (4.2) 104 (5.9) 103 (5.9) 46 (3.7) 42 (2.5)
Group C
Edifenphos (EDDP) —* - — — - -
EPN 101 (9.4) 110 (9.3) 98 (4.0) 96 (3.4) 96 (7.0) 102 (7.9)
Fenthion (MPP) 98 (2.6) 122 (3.2) 89 (3.8) 89 (3.1) 83(14.0) 85(16. 8)
Phenthoate (PAP) 94 (6.2) 101 (6.9) 92 (7.5) 90 (1.0) 92 (1.9) 89 (7.4)
Phosalone ND ND ND ND ND ND
Tolclophos—methyl 96 (5.9) 107 (3.7) 90 (1.7) 91 (1.9) 85 (6.6) 85 (7.6)
Group D
Cyanofenphos (CYP) 105 (6.4) 118 (6.0) 106 (1.4) 113 (0.6) 90 (2.5) 198 (6.9)
Cyanophos (CYAP) 95 (8.9) 147 (9.8) 121 (2.8) 155 (1.2) 90 (8.7 94 (5.5)
Iprobenfos (IBP) 103 (5.8) 126 (4.1) 105 (2.8) 134 (0.7) 40 (5.0) 23 (5.1)
Isocarbofos 107 (6.8) 127 (5.4) 121 (1.3) 140 (0. 1) 82 (3.7) 71 (5.5)
Leptophos (MBCP) — - — - — —
Pyridaphenthion — - — — — —
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Table 3 Continued

n=3
Recovery (%), Mean (CV*)
Pesticide Pinellia Tuber Poria Sclerotium Rehmannia Root
Area Height Area Height Area Height
Group A

(E)-Chlorfenvinphos 110 (3.1) 113 (0.4) 111 (8.3) 106 (7.3) 107 (1.4) 118 (2.9)
(Z)-Chlorfenvinphos 108 (2.3) 113 (3.3) 103 (7.2) © 104 (8.0) 112 (3.5) 117 (3.8)

Chlorpyrifos 87 (6.0) 93 (7.9) 91(13.6) 91 (9.9) 82(15.9) 81(17.7)
Chlorpyrifos-methyl 96 (5.0) 96 (4.6) 97(14.4) 100(16. 1) 94 (0.2) 99 (4.2)
Diazinon 97 (1.6) 98 (5.4) 98(10.0)  105(13.2) 98 (0.7) 96 (3.2)
Dichlorvos (DDVP) 71 (5.9) 72 (1.7) 71(16.2) 71(15.0) 74(15.2) 79 (8.1)
Ethoprophos 103 (4.0) 102 (2.5) 104(11.4)  107(13.0) 105 (3.9) 111 (5.1)
Fenitrothion (MEP) 111 (3.3) 107 (2.4) 107(11. 1)  111(14.2) 110 (4.1) 121 (0.8)
Malathion 108 (0.7) 105 (2.1) 111 (9.9) 113(12.2) 109 (5.6) 112 (3.3)
Methidathion (DMTP) 109 (3.5) 106 (1.2) 115(12.6) 112 (9.4) 111(12.6) 147 (5.9)
Group B
Ethion 93 (6.7) 87 (8.0) 88 (8.0) 88 (6.5) 92(10. 4) 91(14.7)
Parathion 98 (2.5) 102 (2.3) 85(10. 4) 85(13. 4) 100 (4.7) 102 (2.9)
Parathion-methyl 102 (5.2) 108 (2.6) 89 (0.4) 93 (4.6) 94 (3.4) 115 (2.2)
Phosmet (PMP) ND*™ ND ND ND ND ND
Pirimiphos—methyl 95 (5.8) 98 (2.3) 89 (2.0) 92 (3.0) 99 (2.1) 100 (5.0)
Quinalphos 100 (2.6) 103 (1.8) 92 (1.4) 96 (1.4) 101 (2.2) 108 (2.0)
Group C )
Edifenphos (EDDP) - —_ — - - -
EPN 101(13.8)  103(13.7) 97 (3.7 95 (4.5) 94(10. 2) 96 (8.7)
Fenthion (MPP) 102 (8.5) 105 (7.6) 98 (6.8) 101 (5.5) 89 (5.8) 102 (6.4)
Phenthoate (PAP) 102(10.5) 101 (8.7) 101 (8.4) 106 (6.2) 100 (5.3) 99 (6.8)
Phosalone ND ND ND ND ND ND
Tolclophos-methyl 96 (8.2) 99 (7.4) 89 (8.8) 90(10. 3) 91 (7.8) 87 (71.5)
Group D :
Cyanofenphos (CYP) 99 (2.7) 104 (2.2) 100 (2.7) 104 (3.6) 107 (2.2) 126 (3.8)
Cyanophos (CYAP) 111 (2.0) 108 (5.2) 103 (5.6) 106 (2.8) 160 (4.0) 192 (4.5)
Iprobenfos (IBP) 105 (5.4) 106 (5.0) 107 (4.3) 114 (2.5) 118 (4.1) 160 (2.5)
Isocarbofos 109 (1.5) 108 (3.9) 96 (4.8) 100 (4.4) 138 (7.3) 173 (4.7)
Leptophos (MBCP) — - - - - -
Pyridaphenthion — — — - - —
Recovery (%), Mean (CV*)
Pesticide Rhubarb Senega
Area Height Area Height
Group A

(£)-Chlorfenvinphos 98 (1.3) 114 (5.7) 97 (5.7) 95 (2.5)
(Z)-Chlorfenvinphos 87 (4.5) 110 (7.9) 97 (6.5) 100 (7.4)

Chlorpyrifos 90 (5.3) 103 (4.7) 92 (5.2) 94 (4.3)
Chlorpyrifos—methyl 103 (0.9) 150 (3.1) 96 (4.8) 99 (6.2)
Diazinon 91 (6.2) 104 (8.6) 91 (4.8) 96 (7.1)
Dichlorvos (DDVP) 52(25. 3) 81(20.3) 71 (3.6) 73 (7.6)
Ethoprophos 102 (6.7) 148 (6.2) 90 (5.3) 93 (7.9)
Fenitrothion (MEP) 96 (9.0) 125 (6.2) 90 (4.7) 100 (7.7)
Malathion 95 (5.1) 109 (3.8) 93 (6.1) 95 (5.6)
Methidathion (DMTP) 102 (9.3) 138 (5.9) 103 (7.5) 115 (8. 1)
Group B
Ethion 95 (2.7) 101 (5.2) 91 (2.8) 91 (4.6)
Parathion 94 (2.2) 118 (3.2) 93 (0.9) 91 (2.1)
Parathion-methyl 112 (2.9) 142 (2.1) 99 (2.6) 103 (1.9)
Phosmet (PMP) ND*™ ND ND ND
Pirimiphos-methyl 101 (4.3) 115 (4.7) 96 (2.3) 92 (0.8)
Quinalphos 90 (1.8) 120 (1.2) 95 (1.3) 94 (1.9)
Group C
Edifenphos (EDDP) - - — —
EPN 108(11.0)  116(10.1) 94 (5.4) 98 (7.2)
Fenthion (MPP) 63 (2.4) 81 (5.4) 83 (7.1) 88 (5.5)
Phenthoate (PAP) 9 (2.3) 121 (4.9) 94 (7.1) 95(10.7)
Phosalone ND ND ND ND
Tolclophos—methyl 99 (2.1) 119 (2.2) 100 (3.0) 93 (3.0)
Group D
Cyanofenphos (CYP) 85 (3.4) 138 (3.1) 122 (3.0) 138 (3.4)
Cyanophos (CYAP) 105 (1.5) 137 (0.3) 139 (0.6) 185 (4.6)
Iprobenfos (IBP) 91 (4.5) 120 (5.6) 121 (3.7) 155 (2.4)
Isocarbofos 95 (7.4) 124 (4.0 137 (4.0) 165 (2.6)
Leptophos (MBCP) - - - -
Pyridaphenthion - - — -

*1 *2

coefficient of variation, not detected, ** below quantitation limit
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Table 4 Retention Time Lag of Organophosphorus Pesticides

n=3
Retention time lag (min)™*
Pesticide Angelica Dahurica Root Cnidium Rhizome Glehnia Root
DB-1 column CBP-10 column DB-1 column
Group A
Diazinon —* 0.166 -
Group C
Edifenphos (EDDP) - — 0.102
Phosalone 0.129 — —
Retention time lag (min)
Pesticide Magnolia Bark Rhubarb
DB-1 column CBP-10 column CBP-10 column
Group A
(£)-Chlorfenvinphos 1. 066 0.619 —
(Z)-Chlorfenvinphos 1. 261 0.761 —
Dichlorvos (DDVP) - — -0.134
Ethoprophos 0.193 — -
Group B
Ethion 0.194 0.147, (0.286), 0.409 -
Phosmet (PMP) 0.237 - -
Group C
Edifenphos (EDDP) 0. 469 1. 107 —
EPN 0. 207 0.234 -
Phosalone 0. 170 - —
Group D '
Cyanofenphos (CYP) 0. 462 0.646 -
Leptophos (MBCP) 0.144 0. 237 -
Pyridaphenthion 0.184 0.172 —
*1 to (Test solution) —tz (Standard solution), ** within 0.1 minutes
Table 5 Pesticide Residues in Crude Drugs
Crude drug Country Pesticide D/T*'  Residue (ppm)
Japanese Angelica Root (Hokkai) *2 Japan Fenitrothion (MEP) 1/ 7  trace™
Japanese Angelica Root (Yamato) *3 Japan Fenitrothion (MEP) 2/ 3 0.09, 0.39
Diazinon /3 0.11
Phenthoate (PAP) 1/3 0.20
China ** Fenitrothion (MEP) 2/ 3 0.01, 0.05
Cnidium Rhizome Japan EPN 2/11 0.07, 0.54
Phenthoate (PAP) 2/11  trace, 0.40
Szechwan Lovage Rhizome China Isocarbofos 3/ 4 trace, 0.07, 0.16
Parathion—methyl 2/ 4 0.04, 0.18
Fennel China Isocarbofos 4/ 9 trace, trace, trace, trace
) Parathion-methyl 5/ 9  trace, 0.09, 0.16, 0.20, 0.20
Poria Sclerotium China Dichlorvos (DDVP) 1/ 2  trace

* Number of detections per that of analysed samples, ** prepared from Angelica acutiloba var. sugiyamae, ** prepared from Angelica
acutiloba, ** the People's Republic of China, ** below quantitation limit

FEEYAF 37 IBREFABRELD A Y HIVEKRKX

MWETE, 5BRENS/IS 54 X F )V K 0.20 ppm 4 = =
BRIz, 41 DRFGEDRE

FEES Y 5 28EF 1 RENDS Y 7 g VR AN B CREBI, 11 SEOERICOWTHEY) YRE
EFERE I N 8 MOWRMENGERRZ T -7, $/abb, RN

kA L EREEE Te bz PUVENZKREY T
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ERB5E, BIFTEEMELS 22P ), ThboE
— I HROFENREINRIZEE LD DEEZ BN,

EEEDHEASHOREILEY, F¥R7uv S 4LED
FEERIZ0I DU LOENIERREZVIRADONIE
Eabo-, FTLavRIIZOWTIE, DB1 A5 A
FRW-54A, 28 BEEF 11 BET 0.144~1.261 5 DE
hWagEswbh, B)-2ol7zYEVkRARY (2)-7 0
VI 2V EVRAERAFTF 4 VOBBIBEIFEL -

334 EEKEFEWBLF2SKU—TFrIVR Vol 41 No.4 (2010



UEEED  £FPOREER) VREEOSH (E38)]

(a)

12 -

- 2
16 1[7 _ 3

eg - 76

(b)

28 -~

24 -

Fig.1 Gas Chromatograms of Standard Mixture A*' and Magnolia Bark by GC-FPD with DB-1

Column

(a): Standard Mixture A; (b): Magnolia Bark; 1: Dichlorvos (DDVP); 2: Ethoprophos; 3: Diazinon;
4: Chlorpyrifos-methyl; 5: Fenitrothion (MEP); 6: Malathion; 7: Chlorpyrifos; 8: (E)-Chlorfenvinphos
(@-CVP); 9: (Z)-Chlorfenvinphos (8-CVP); 10: Methidathion (DMTP); *!: 0.1 ug/mL of each pesticide

(Fig. 1).
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Migration of Organophosphorus Pesticides to Decoctions
of Kampo Formula from Crude Drugs

Masayuki SATO*, Masaki ANETAI*,
Hiroyuki KAMAKURA** and Yukihiro GODA**

Summary

During our studies on quality evaluation of crude drugs in Japan, we have detected organophosphorus pesticides in
several crude drugs. In Japan, about 90% of crude drugs are used as raw materials for Kampo products after industrial
decoction followed by a spray-drying process. To assess human exposure, it is important to determine the fate of the pes-
ticides during the extraction step. In this study, we prepared 3 Kampo decoctions from crude drugs contaminated with
organophosphorus pesticides and quantitatively determined residual pesticide concentrations in the decoctions and the
crude drug residues.

The maximum migration rate to the decoctions was 31% in the case of malathion in Citrus Unshiu Peel in Hochuekkito.
The migration rates of the other pesticides, except malathion, parathion and parathion-methyl, were less than 20%. It is
concluded that considerable amounts of these pesticides may remain in the crude drug residues or be lost by decomposition
or vaporization during the decoction process. The amounts of organophosphorus pesticides, except tolclophos-methyl, in
crude drug residues of Hochuekkito were related to log Kow, not to water solubility.

Key words
Decoction, Kamishoyosan, Hochuekkito, Hangekobokuto, Organophosphorus pesticide, Fenitrothion, Malathion,
Methidathion, Parathion, Parathion-methyl, Phenthoate, Quinalphos, GC-FPD
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