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Identification and Toxic effects of Impurities present in

the Technical grade of Phosalone

Geum-Choon Lim* Jang-Hyun Hur, and Dae-Sung Han

Abstract

The purpose of this study was to investigate the identification and the toxicological effects of

some impurities present in the technical grade phosalone (94.4%). In instrumental analyses of

the technical phosalone, the five impurities such as phosalone oxon, 6-chloro-3-methylthio-2-
oxobenzoxazole, 6-chloro-2-oxobenzoxazole, O,0,S-triethyl phosphorodithioate (OOSTEPDT) and
dichlorophosalone were identified. The bimolecular inhibition rate constants (k;) indicated that the
technical phosalone inhibited both AChE and BuChE about ten times faster than the purified

phosalone did. From iz vive studies the technical phosalone showed greater inhibition for mouse

brain AChE, rat blood ChE’s and mouse cytosolic non-specific esterases. It was presumed that

some impurities present in the technical phosalone such as phosalone oxon cause such inhibition

patterns of the technical phosalone observed in this study.
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lone A (34.4%)°] thre] QIR-Eo] H3A F5
3789 Anst 2Rk oldl tiste Califor-
nia & 74 ZAho] x4 Y F F5E
789 9] QF-EE LR AFTALE i, olE
B % anticholinesterase A &34 Hgon,
g9 cholinesterase®™ A&HA A HAT D H2
Y. o] AL olF Winter 5 (1991)7 S A=
¥ Zolone #A4 & 79 EEE W GC/MS
BA& #38le phosalone oxon¥} isophosalone$
gelsldtl, 252 phosalone oxono] F8 B&E
olgln HAE& ALowWA, California FollA dojyut
FEALTE A Fol FHE LF] EEEEI
A% Y SHEY e THAA SHGRL
9% FeET o AHE AA 4o & Hez
7HE A,

B AT E phosaloneo] XY Qe Abze &)
Aol i o, A AHALE E FEE H3d
ZU oA A2 9% phosalone €A F9 B4
EE U@ $4T ol EEEY 9% SAHA
I3 FAEIY
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1A phosalone- (F) ZHzozRy 5
phosalone €Al (944%)F d2 AMgsiew,
248 TLC (Silica gel F254, 0.25mm thickness,
Merck Co., Germany)& o]&3&ld 3fd E¢EE
o] a8 18t A phosalone2 A pho-
salone & 215 silica gel 50 gol 5% ¥ chromato-
graphic column (\R7 3 cm, Zo] 50 cm) & ol &
3ol hexane | ethyl acetat. (3. 1)2 £ AA s
o Aty AAE phosaloned #2484 TLC$ *P-
NMR (Bruker WM-300 spectrometer, U.SA)S
o] g3t dAET EAde AE FAstHLon,
FATzZE 'H-NMR (Jemini-200, Varian Co., US.
A% GC/MS (Finnigan-Tracker, US.A) & A3}

o FlEuct

SASE

A7 (ICRA mouse, 18~20 g), # (SDA rat,
150~180 9 FHE (F) AL LT EAM LN
T3t 2~3Y 9 APAAM £3A7 O
AHg-8h k.

2Ix| phosalone2| GC/MS % 3*'P-NMR 244

A4 phosalone acetoned] < GC/MS (Fin-
nigan-Tracker, USA)Z EAadct. A& co-
lumng DB-5 (025 umX30 m, J&W Scientific
Co)E ALgdgen, column &E& 100°C oA
387 HBRE ¥ 250°C 7k B3 10°C 8 2127}
A5 H %2 program3FR X, injection port 210°C,
detector 230°C, transfer line 270°C2 3tAth
Carrier gast® A4S helium$ AFE39Th

QA phosaloneg W7 5 mm NMR tubeo|*
CDCloll %91 %, 3P-NMR ¥4 (Bruker WM-300
spectrometer, U.S.A)& 854 th. 0,0,0-Trimethyl
phosphate® WHEFEZAZ AMES 3

AChE ¥ BuChEOI| CH$t O|2A} XNal| =& (k)

A X{6,7.8)
k-4

Ellman(1961) #A4¥#?o2 5 ml Ag#ol
AChE =¥ BuChE (Sigma Chem. Co., U. S. A)
4 units$} YA L A phosalone 6.7X107~1.67
X10""M, 0.IM sodium phosphate buffer(pH 7.
6)2 AFH¥¥ 3 mz &t Fe&FzE 37°0)
A wg AHE 713E¢l 0.IM  acetylthiocholine
(ASCh) =¥ butyrylthiocholine(BuSCh) (Sigma
Chem. Co., U. S. A) &9 0.1 mi¢} 5,5'-dithio-bis
(2-nitrobenzoic acid) (DTNB, Sigma Chem. Co., U.
S. A)£A[DTNB 132 mg, NaHCOs; 5 mg, 0.1M
sodium phosphate buffer(pH 7.6)] 2.8 mi7} &A



9l % f7]1QA 4%A) Phosalone 9A F9 &8 4 H

A cuvetted] i WHEAE 01 ml ¥ 28 14
2@ UV spectrophotometer(Model U-3210, Hita-
chi Co., Japan)2 412 nmolA #4& =3sch
Aldridge(1950) 8 o2 94 2 A phosalone
9] AChE, BuChEel di@ kigtg A4t skslnh

M| L MF| = AChE BHAIX{5{6®

A3 > AChEY] A4 ANE @& 93t 4
A 2@ AA phosalone propylene glycoldl =<
A7 (18~20 g, 7)) 0, 50, 100, 150, 200 mg
/kgg B g, 247 F AFAY HE A&
At} ¥ 100 mg? 0.IM sodium phosphate buffer
(pH 7.6) 1 mlE %3 homogenizerZ w3t}
WE 87 (Hanil Co, Korea)E Al&3&}q
2,000 golA 1527 A48HE T F FAAS
8te] Bradford (1976) WMoz Wiy FIFe
AR, dWd 2 mgo) HFee FALE o
435} Ellman (1961) 9”22 ¥ AChES] o
& L & A3k
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F| "HMe| erythrocyte AChER} plasma BuChES]
EA x13H6,8,12)

A L A phosaloned propylene glycoldl] =
A F Hel 2z 150 mg/kgd BAFAE 0,
5, 15, 30¥ 2332 1, 2, 4, 8, 12, 24X ¥ 14
Ao A heparinized micropipette(44.7 p) 2.2 ¥
A& Hzte] dFL4E71(Beckman Co., Ger-
man) 2000 gold 10% F<¢ dUEAE g
Plasma(3d<N 2 20 plE Hsld 0.IM sodium
phosphate buffer(pH7.6)2 HZ%3 1 ml2 @ %
BuChE 4 &% Algaz A48ttt Erythrocyte
(1A E)9) 0.1IM sodium phosphate buffer(pH7.6)
1 mlE 231 fgYRs] #o plasmad AAT
3 t}A] pelletsol 2% Triton X-100 (Sigma Chem.
Co, U. S. A) €9 100 plg ¥x ke 3 &
0.1M sodium phosphate buffer 2 ml2 343}y
AChE #424% 99 NE= AHEsATh AChE
T BuChEdl W@ &4 A8 =42 Ellman(19
61) WYL ol43dch
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Fig. 1. GC/MS chromatogram of the Technical Phosalone.
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SIM| phosalone®l £28 S8

Figure 12 €94 phosalone®] GC/MS chromato-
gram©.2 A%< phosalone (m/z 367, 92.5%)
o]9)d 870 Bago] ##=UTY. olE F phosa-
lone oxon (m/z 351, 2.7%), 6-chloro-3-methylthio-
2-oxobenzoxazole (m/z 215, 1.26%), 6-chloro-2-

oxobenzoxazole (m/z 169, 1.3%), 0,0,S-triethyl-

phosphorodithioate (OOSTEPDT) (m/z 214, 0.7
%), dichlorophosalone (m/z 401, 05%)& ¥ &
4 Aok

94 phosalone®] ¥P-NMR EAd)x FHELQ
phosalone (89.2 ppm) °]9jo 226, 90.1, 935
ppmolA 3702l B¢EE (FsE peakst BEH
Ach(Figure 2) 90.1 ppmold #TFF peaks
Greenhalgh 5 (1988)®dl] 93le] R1@ OOSTE-
PDTS Ao, 226 ppmolA #FH peaks Win-
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o2z A3 &4+ (k) & €A phosalone?
A% 6.7X10 M4l A 55X10°M 'min"12 &, 67X
107°MollA 58X 10°M 'min~'o.2 YEgon, 3
A phosaloned] Z$PdlE 6.7X10'MeJA 20X
10°M 'min"!o 2, 6.7X107MdA  4.0X10°M*
minT'e2 3L 94 2 AA phosalone2)
BT k e 27 5.7X10°M 'min ' 3.0X10°M™
'min"'2.2 #EF o], YA phosalonec] FA pho-
salone ¥t} oF 108 A= WMEA AChE BXE A
et Aoz FA=HAL

BuChEO| CHEH O|2X} X8 HTAE (k)67
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Fig. 2. *P-NMR spectrum of the Technical Phosalone.
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X10 M4 58X10°M 'min ' 2 wElgod,
A A phosaloned] A-$PoE 1.67X107°MA 1.5
X10°M 'min '2.2, 8.0X10 ‘MolA 1.8X10°M ™t
min ' 2 Z3FHEAc} YA 2 AHA phosalone?
B ki g2 47 22X10°M tmin '3} 17X 10°M
'minT'22 ##A=o], YA phosalones] FA pho-
salone Bt} oF 108] = wW=4A BuChE #4&
A#ste Aoz FAsr)

Mouse brain AChE X{&}{5®

E&Bo] &8 YAl phosalone®t FA phosa-
lone8| in zivo mouse ¥ AChE2] Ao} njzl=
AgS BAF3Ah(Figure 3) 5 oAl =% A
A9l anti-cholinergic $4& BEHowW, oo §
2% ¥ AChEZF A&tA Af=Ee BEE BAch
Mouse 3 AChE®] i3t 4] phosaloned] Iy
110 mg/kg, 3 A phosalone® 170 mg/kgo 2 e}
u}, €4 phosalone©l A} phosalone®.t} °F 35%
Ax 734 = AChES] @A4AE dodle Re
2 AU
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Fig. 3. Inhibition of mouse brain AChE by
the Technical and the Purified Phosa-
lone.

Rat &4 ChE X{sl{s8'®

44 2 AA phosalone 2tZ} 150 mg/kgs F ol
BEQstn A7re] Az wah e e

HAg H3I F, Y erythrocyte AChE#} plasma
BuChE9e] #4AsE d#rgich(Figure 4) Ery-
throcyte AChE®] 7% €A Phosalone®l| A 65%,
24| phosalonel A 52%2] BAA7 Uepton,
plasma BuChE®] 79 @A phosalonedl* 64%,
A phosaloneo| A 58%2] B4As 7} #HAHA
HA A Z YA phosaloneo] A phosalone E.r}
47t o AHiA Adse A%E BAY =8 F
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Fig. 4. Inhibition of rat blood erythrocyte
AChE (A) and plasma BuChE (B)
activity by the Technical and the Pu-
rified Phosalone.
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Cytosolic non-specific esterases X{5{'%

AA 2 AAl phosalonedll AT in vitroS in
vivo A2 cytosolic esterases®] A AN E na-
tive-PAGEE ol 83t 4% HITh In vitro ol
A YA phosalone® 5X10 "M~5X10""MlA, A
A phosalone®] 73-$- 5X10 Mol 4] esterases?] &
A& Adfsted, 94 phosalone] AA phosalone
Ho} 108 A% o A fae g4E Adste
Aoz WaE At (Figure 5) In vive A=
A phosalone® 200 mg/kge F5tdE™ non-
specific esterases®| Aol AHs== Ho] #FH
A, A A phosaloned FAlFa] A g ol F
A5 Azl B A @ourh(Figure 6) 23 in
vitro A@ol A9 Zto] YA phosaloneo] A A] pho-

salone Bt} cytosolic non-specific esterasesE T2

AstAl Asfste Aoz eyt
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Fig. 5. Inhibition of mouse liver cytosolic es-
terases by the Technical and the Pu-
rified Phosalone. [Control: A, H; Te-
chnical Phosalone: B (5X10°°M), C
(2.5x10°°M), D (5X107°M), E (2.5X
107*M), F (5X107*M); Purified Pho-
salone: 1 (5X1¢ M), J (2.5X10 M),
K (5X10°M), L (2.5X107°M), M (5
X107‘M) 1.
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24 phosalonedl W&k GC/MS EAHA FAHE

¢l phosaloneo} 9}l 87§9) B<E peakE& ##sl
Ak 713 o] & E4EL& phosalone oxon
{(m/z 351, 2.7%)ol02n, 1 29 6-chloro-2-oxo-
benzoxazole (m/z 169, 1.3%), 6-chloro-3-methyl-
thio-2-oxobenzoxazole (m/z 215, 1.26%), 0,0.5-
triethylphosphorodithioate  (OOSTEPDT)  (m/z
214, 0.7%), dichlorophosalone (m/z 401, 0.5%)
o2 yepgdth Winter 5 (1991)72 GC/MSEH
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Fig. 6. Inhibition of mouse liver cytosolic es-
terases by the Technical and the Pu-
rified Phosalone. [Blank: G; Control:
E, F, L, M; Technical Phosalone: A
(200mg/kg), B (150mg/kg), C (100
mg/kg), D g50mg/kg); Purified Pho-
salone: H (200mg/kg), 1 (150mg/kg),
J (100mg/kg), K (50mg/kg)].

& 0] &3 phosalone (Zolone E.C. 344%)% &%&
¥ B$Eo ZA A phosalone oxongd #eldld
B A¥dye AXFE Byrt £ OOSTEPDT
= Greenhalgh 5 (1983)'¥o] 3P-NMR& o] &3}
phosalone 94 & #¥4H EEEYS Eusde
H, B A¥ME o] BE&EY &4 (90.1 ppm) E
g8 5 Ao, 226 ppmol A BEEH FH &
%89 peak¥ monothiolate 7=& 7} phosa-
lone oxon2 2 F3 =3t Y¥kA 2= phosphates
0 ppm, monothiolate= 20 ppm, dithiolatex 40
ppm, thionate: 60 ppm, 2|1l phosalone®} &
dithiolothionoA g 9l ¢ SIFEES 90 ppm HFo
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Al chemical shift& Bolt Aoz L&A Yo,

YA 2 A phosalone? in vitro$} in vivool A
AChE, BuChE ¥ cytosolic esterases®l] )3t A4
A v AYPelr BeES 48 Y4A phosa-
loneol A phosalone Rt} in vitroo) A target
enzyme{) AChE®} BuChEE 2% ¢ 108] A%
B2 £x2 A8t A, cytosolic esterasessl] o3l
M= A 100 A o 29 AL B4k In
vivo 4¥-S B3t9 YA phosaloneo] A phosa-
lone 20} AF 9 ¥ AChEE < 35% © A3l
Aoz #AAS0H, Fe Y erythrocyte AChE
9} plasma BuChE 18]3l cytosolic non-specific
esterases?] BAE o 4&A Adfste RS g
g 4 ik

2 4¥E %39 YA phosalone®] A A phosa-
loneoll Hstd AAHez o 7 EHaAE R
olg FHeoez FAFHJ=H, olHF Az YA
- phossione & S-{H 23 854 dalad 2
oAwE Folgte /S ¥ F AN Hgel GC
/MSE B3ld 53H B8 F 71 %] g&
phosalone oxon¢] 7% AChE®] serine hydroxyl
712 HE Y FHAL wol £4F dslslo &
A& A7) A& T2E AT Yol o] B
2& &638 94 phosalonec] BA] phosalone B
0% target enzymeES © Z3tA AL A
ol MHEY F UATh AvHoR {7AAH F
9k2- phosphorothionate =¥ phosphorodithioate
Felol A g, AW o7t MFO £4¢] 240 9
] desulfuration® o] phosphate %+ phosphoro-
thiolate EEl, & oxon FLE WEH I kA9
ol LEEE FAoR 4uA o], ol2ld s

S S 3wy Fo ok a8y 349 7
ETEEY SA4%EA BB oMHx AAFHL
2

EHJAA ¥ol, BEEEC] AT £l B

e BAE fstd BEEES 2, BANAL,
EE g4s olEd BH%H 54 yEse

A7 48% Aoz AAREHA

2 o

£ A3 YA phosalone (944%)9) 48 &
TEEY 54 94 £ AA phosaloned in vi-
tro%} in vivool XY EANEANE zAEEY. 9A
phosaloneo] & GC/MS ¥AolA phosalone
oxon, 6-chloro-3-methylthio-2-oxobenzoxazole, 6-
chloro-2-oxobenzoxazole, 0,0,S-triethylphosphoro-
dithicate (OOSTEPDT), dichlorophosalone % 57
9] E¢E0] BAHALY, ¥P-NMR 44 00-
STEPDTS$} phosalone oxon 5 2%9¢] B4&Eo] &
A=A In vitrool ] YA Phosalone® A A pho-
salone®] AChE$} BuChEo) g k e w| s
A3, YA phosalone®] A phosaloneR T} ¢F 10
Wl B27 ChEE A#sts Aoz Jelhgen, cy-
AAS B In vivolME YA phosalonee]
Al phosalone Bt} A3 2] > AChES] @#Ag °
3% v As sHen, FHe ¥d erythrocyte
AChE®} plasma BuChE 18] cytosolic estera-
ses? A% o] HaA AHste Aoz BFHA
o} ol ¥ A= YA phosalone F FH A B4
EE A% Aoz Ao, 53] phosalone
oxonol &3 How FAEcH
ZARE 20l =EL 19939 % e F AT
FRA AFuel ozt FAE Ao, o
AP =guyTh
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