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Fig. 1. Time mortality and symptomology cur-
ves with brain cholinesterase and .liver carboxy-
esterase activities of the surviving male mice
following oral administration with malathion.
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Fig. 3.

oxyesterase of the female American cockroaches

Recovery in vitro of inhibited gut carb-

at 16 hours after topical treatment with 40 mg
/kg of malath:on

A. Enzyme of malathion treated roaches 1.0ml
(1gut/ml)/enzyme of malathion untreated
roaches 0.5m}! (0.5gut/ml), used acethion
as substrate. :

B. Enzyme of malathion treated roaches 1. 0ml
(1gut/ml)/enzyme of malathion untreated
roaches 1,0ml (0.5gut/ml), used acethion
as substrate,

C. Enzymes are the same with A except mala-
thion used as substrate.
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Fig. 5. Recovery rate of inhibited liver carboxy-

esterase of the male mouse treated with malaoxon
in vitro. Recovery curve indicates the rate of A/B
in Fig. 4.
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I >WCHIE Uit in vitro 235\ STHREEHED
malaoxon 233 B L X {—BT 5. MEGHY
DK ChE BT & BRI & ORI, O'Brien'®,
Mengle and Casida'® i+ —F L, WMEFETER
¥ ChE oKW Bd Shi, Zihud
RAIOLEMNAA L HB X SNSRI D ChE %3
PICBRT 503, BRFIOM I TN kP - < DB
bIvL Z ERRURT 5. F72 i vive 123513 HTFD)
PO RIELH OB ST TH 5.
o3 6 [QVImATLINY & EEHICQ’?‘U % malathion Off
TRV & RIGIERIES 2 303 5 7o 0 i B O D RME
+ O'Brien® Dk a X TTRL KR TH 5.
#7811 72 Carboxy-E & #tB 3 X OPHEEH & D
TR L 22RO TH D, & 2 TR
5737 Carboxy-E 2T 2 R %~ 5,
Carboxy-E ORIRIEFUE RIITH 523, ABHIC

1370 < & 2 FiBlO active site 3B 5 LEx bivs.
D1 DR{USAHTE U224 & VERAL (anionic site)
Chh, D12z A7 v FRT DA (ester-
atic site) Th%, FLT, =2 F VOB
FIGES pH OIEMA 2T 5 2 L OBILTIE & oREL
WD 2 ODFFIENF X LD, Carboxy-E&IFIE D
WoRRGEHNE ChE 2 X% acethylcholine o
IR DWW TIRB XL TV D HIEC & LT
C, IR LA L 512, malathion 2fize 5 &
carboxyester J{iA* Carboxy-E oifi¥k 4z 3311 %
= 2 57 MSIREBALIS T idy, 5O L BRI AT
1511, T alcohol #3MEMEL, Do Xiz O, 0-dime-
thyl S-(1, 2-bis-carboxy)-ethyl phosphorodithioate
PEB; L L 0L BALND, ARIHO = 257 A0}
IPOLIITE 2 0 K B X 57 A28 LRV ERE R {50
7%, HHHEOBM 27 vk G L T OBREZ I
TXN 5, Tibb, Carboxy-E & malaoxon & d
LT LUGHENGE, AEERAH paraoxon, DDVP, DFP

o R ko T B Sh B RS,

iR e ChE o MRS >WTRB I T
WL B I T v b e F A LN,
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Fig. 6. Proposed selective toxicity and detoxication mechanism of malathion against the -
mammals and the insects (O’Brien-Kojima. Ishizuka.),
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Fig. 7. ' A hypothetical scheme of the interaction between the active surface of the carboxy-
esterase molecule and malathion or malaokxon molecule. '
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Carboxy-E LATHIBAAI & ORIHEIGIE P RIT- 12T RS
LTV LR D% % L o & U440 5. malaoxon
G5 7D £ 7:i3paraoxon iz X DRI flick D &,
B = 2 5 pSREOLC AT D BRI i< sk 43 17
AfThivT diethyl mercapto succinate ¥7:i3 p-
nitrophenol %k} 52% D OMER= 2 7 vk
T Carboxy-E LASTLCTLE S, MERTIEYE
WL 1 o2 h e Carboxy-E 213 malathion
NTOnw R B2 F MR L 2D
LD LTRSS, o

Z 2T bR & &1k Carboxy-Eiz 343 % mala-
thion & malaoxon OHAEPIKRTH D, - WHIHE
ZEIBIL TV 528, THHE XS E LTamsh,
BFRHTREL UCHTME LTINS T S &
VO AUZOVWTOREITH S, Carboxy-E 730 x
AT ROMRBOUAET D UTRIE OIER L PET T A<
TWITH D2, ARHROTINEINGZS BT
FHWMALBIEC X 50T, ZOMAERILTIS
FOBKMIILARI R T 2THAH S L,
LIEHRFIOILTIREIE L IS & ORINEEORE
TFRVCHTIT & 5, malathion ,J:_ malaoxon iZ 33
I AR TTROCER T L, X0
{ki3 phosphorodithioate(-S-P=S) &/ & phospho-
rothiolate (-S-P=0) & DM TR D, EAWIEH
CHY DA B R F MO CHTF & T &
OHIEEMEZLTHBE, CHTLOKTFEOMD
B0 (C:2.5 0:3.5) HXUCHEFE
CHF L oMNOBRBEEDE (C:2.5,C:2.5) 0
ok, CETFRZOFAMICTTREL ¥ LTS
VTR, B U= 2 7 v ORCTHIOT
5o TWHEHZBND, fi, =27 1T0
KEBFHROIE- T LB BV PRI & SHT
L O OBRREN DI (P: 2.1, S:2.5), PET
LOGIT-LoMozhE (P:2.1, 0:3.5) Thh,
malathion %5 XU* malaoxon Z3FiZistt HBFIRI|
EORIREE X0 ED X 5 IM~OND LHX LN
%, '

CH,0. & 5 CH,0. 5
" SPs- N Go-cH, N SP-s-
cHO Y b / CHO” Y

Thwpx, THOHORR LA DEERORELZ Hv
iLiF, malathion O~ 2 7 A Ti0351 5 PRT
BED AN K B A7 VTR BT S CRTIEER
FVBEMEZHT TRV LOLFER bR, 0D

malathion Ci3 74 & = 2 7 V3T Carboxy-E .

O = 27 MR & D1 ST REE— R
REEBTHhoLELLNS, ¥k malaoxon M # ¥

KRRz 27 ST 351 D CRUT-ONTAT MR -
25 MIFOPEERE DV INE b, PEIT-HEEHD
YE XM B S TER—TIINSUS 2 )T L o 4t
Mxhs, = OWTIROMIULE VRSO0
L 7- acethion 3; X% acetoxon DRI~ ILTIIMEL
172 & U B —FLERS & OBIRIC L8N XD,
F PRSI D BT R O P OS
OPFIZDWT L XL FTUIL 5 5.

IESIA AL ER 2 PRt R AR Tt P S % 5%
Foodb b, WFEHIN o DFP,. tuban, Sarin,
TEPP, paraoxon, schradan %@ﬁﬁﬁ%ﬁnﬂiﬂﬁﬂl@
FRIWEREACH 5. T OBRIEMICRREO RN
LS ROTBBARTR S, ChbsOFME
BT N TARBRB RN EEERER 7Y —= 0 S
ORI Lo T X7, REIFIZABERD
BWHIEC X DMHORZ ML LTw 5, Hlo
{EREMNEPREIC BT AR Y, FoRROBITRIRG
TYORILTH S 5. . o

BFh e ORA 2 BIRNERBR 2B X h
%, LML ol AHHE, _3&73 b dasbalbeg il
LT L OMFLEN & B & O A b 58I
VeTh D, FrRBESHLROBREKEbN 5
Hilt+ e b BAHEHORRIECRHAHED MR EIC
B3 U 7o R e & IEHERRE O Ric 2 Hh B A8
ThoH, XHRRAPEOREH SANFICHT DRIV
THEITMERRRTHS S, R

TE O Brien® (&7} HEAT HE B A 0 JE R T Bt

LTH LWELS AL, “weak link” E3121R2IBL

7o, BTN SAIEH O R L %% 5 ) malathion
oW T A SRIRTHE ORI 7 B L % M s X
i, TESERIO IR SR 2 ki L 2o
L WIRIREET R B s ml o M TRICER T 832
T TRIML THEW, B 1 KIRTABBRO
< A, 4 = N A = 8 4 A4 F a2 TEAYHIT
¥ eFARHS, oW/ GNFLTs/RA) %
MURLOTH D, WMIaRL LN hveh
SOV IRIREE AR L, IRt L TRz
HMWlEIRRL, AREINITLI L LRI
WillERIRL TV D, ETIIRIIATI A O ISl X
5> TES LTIZO XS ioe LTI e+
LIEVSZETHD, T 5L fiE s R
557 b, HiLVWRIEE SRS o8 Hm
BRIREE25b0LELLNE, EHASHASHhT
2 LEHER R R T 5 £ oK LHEREET 2
RFoWTi, Tl ~BH™, OBrien®® &
2 ko TRENDE LSS RESIN TV 5. H D

REORELIHELTHEMITRLE., Lo EX
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Table 1. Toxicity ratios (mammal/msect) ‘of
organophosphates. .
T [ Mouse Mouse
| House fly |Ricestem borer

Mammalicidal

compound
Schradan 0. 004 0.003 .
TEPP 0.4 . 0.2
Demeton 0.3 03
Methyl demeton R 0.4 0.9
Insecticidal compound ‘ o
Phosphamidon 0.6 5.8
Guthion 0.6 8.3
Paraoxon . 3.0 .. . .0.5
Phosdrin 5.0 4.2
Parathion 5.2(6.1) 1.5
Chlorthion 8.6 8.5
EPN 6.4 18.6
Methyl parathion 14.1 36.6
Malathion | 20.0(53) 385.6
Dipterex 22.8 : 4.2
Bayer 29493 27.5 88.1
Diazinon 31.6(27) 24.0
Acethion 51,6(136)
DDVP 93.8 72.1
Dimethoate 280. 0(326)

1) The figures show the ratio of the oral LDs,
for the male mouse to the topical LDy, for
the male house fly or the hibernating larva
of the rice stem borer, on the basis of mg/kg.

2) The figures in parentheses> show the data
from Krueger and O’Brien!?> and Krueger et
al'”. s .

SILDPIRTIRTIR T D 5 4% BHRIOIHER I oW,
AWELA, KPicsd 221E, YERA ST 28HEH
D3 ORPLREVCEREEZELZ GRS, VWEHLHD
FTEMAA RAIC Y LTI ER 236 L, T
U THEM L e S, RSNz 6 Kic
LR 1 DU EnRe 5 #2605, 205
B R R R AL, ﬁﬁﬁﬁmt@xﬁﬁm%bw
mEﬂﬁ%@%%ﬁmﬁmkowT%?xbh7
TdH 5.

i?%ll@@ﬁ&@ﬁﬁ&#%ﬂ B, i
VMO BHICHY 5 RATETEORD KT X
STRBIFBE E2vT% 5, Krueger and O'Brien!?,
Krueger; O'Bfien aiid Dauterman'® ORE»5Ef
5 L, RETERTGE L RN X BITLE & B
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b3 R TR Rl oM I, o RBIEE LDso
/9% Tx 7Y RAHEE LD Tid parathion 6,
acethion 2, Diazinon 20, dimethoate 70, malathion
99, ¥ 2B LDsy/v e a7 914l LDsw
X parathion 6, acethion 34, Diazinon 53, dime-
thoate 140, malathion 221 :7: 0, IHIOFKLER
PO S ASRITHECR & VW SE 5 2 T 5 LIl
v, b SEOBMAIC>WT, SFIH 5%
PUERNEF OBA EBIRT 5 T ERRENTWHAD,

L A REIEHILEY X RHESID RN
o TWHEEZZLIRS,

TEELE s X CREICT T S HBR ORPIZ 35t
HEAARALTH S EEZ 2SR TVS, FLTER
VIAURAERIEAD ChE 2RI T by (THINA
DilitefMat ChE O & A FN D D LI3RE
Fogsudsie W 1H3h Bilio> ChE RBiFLIY 0L
S ChE I EBIL B0 LOTH 5, 424
ML WO Tk, Van Asperen and Dekh-
uijzen®, Mengle!® i k41, DDVP, DFP, para-
oxon I X 5IfiLE DK ChE oML in vive T
b in vitro THAHMTHB. CAUCIR L TR
#% ChE oI in vive TIXALBNTH 7% in
vmofuﬁjmmr& T EMESRE, AT
DERERITH 5%, WILEM L Rl ChE Ok
ESRAMNCHNT 5 C L 0FERT 3L, ol
@ﬂﬁ&ﬁ%bfﬁﬁ@CM:tUzM*T%ﬁ%ﬂ
DABAEZ SIS, ,

> F@OTHEIHC 3517 5 FHRMEEHRIEL ChE @
B2 HE & R & OBIRE BT 5 L, Van Aspe-
ren and Dekhuijzen®™ iz X tuif, RYVEERTHUNHI
DDVP x< v A[4 ChE & XV 4 =, ChE
EREFVEREZRY 2 e SR, HEBRO
ChE P33 FEIc ko T SPRE BN, Fitd
DIRRIT JE, HW2RRLACL ST, —RHTHM
@ ChE RAEIOFTN X ) BV R > L H
zoh, HEMFORREEOFRRZRIIL XAV X
5ThH5.

755 EE A BEARIE B 230, Tihb
b, (RUHROMLE L (ERE~DIEHDEAD 2 5T
bb, WHIEELE SO 2SI THE L b
%, @ORALGEEALIE phosphorothionate 35 k(¥
phosphoramidate RILSWICH-> THHETH S, T
N SOHYT HRILYTUIRVHLChE Ve 2 FHH L,
HHEMHEOAKTH 2 L E2 B D, £LT, I
Ti¥ds X RV KR HER IRV E bR
ZHio TWBD, Lisdio T, HANTER SIS
LR EORY 2 OFN L FGRT STiEEs 7S
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Table 2. Comparative susceptibilities of cholin-
esterases in the human plasm and the fly head to
organophosphates.

150“
fifple Plasm ChE [fouse fly head
DDVP . 5.7x10"° 2.3x10-°
Dipterex 2,1x10-¢ 8.0x10-8
Phosdrin 1. 7x10-7? 2.9%x10-8
Phosphamidon 6.7x10-8 1.3x10-7
Parathion 6.5x10-¢ " | 1,6x10-¢
Paraoxon 1.2x10-% 9.1x10-?
Methyl parathion 4,8x10* 4,7x10-®
Methyl paraoxon | 7.5x10-7 8.5x10-8
Malathion 1,5%x10-4 1.5x10-¢
Malaoxon 4,0%x10-7 6.5x10-°
Guthion 7.3%x10-7 8.5x10~°
Guthion oxide 6.2x10-7
Trithion 1.5x10-3 2.3%x10-8
Trithion oxide - 2.4x10-8 .
EPN 1.2x10-4 3.9x10-¢
EPN oxide - 7.6x10-8
Diazinon 2.5x10-¢ 9.0x10°7
Diazinon oxide 1.8x10°°

* Molar concéntration for 50% inhibition of
cholinesterase (ChE). - ’
#Zz25bivsdy, Krueger and O'Brien!®?, Krueger,
O'Brien and Dauterman'® {3IniZLEN & BRic ki)
DRI D) LR E DBIRETIEL, Bk
BEHTOEREIRIMIDY TP, BUTHN
z L A§ER5 L 7. malathion Oz oW TR TR
Ao, T OHFV HMRIERIIL. parathion 20
wThgEhi, ZOBRRLEILERIGIET 5
NRFRIHRBRCHEME R 25 X5 THA 5. TR
Uz R TIERLEMIC 3513 IRl OB I s Hi 23
HOIHERRHAZBE TS5 HELTHALBND
2% WSLEOWFRYHNC X 5B HOMIZ &0 T
PITH Y, FEBRORIGEER RV sUGRINE
ez e sh, ToRRTMmu ot
BADHELVHIRIZ L 5 L0 Th D eithahie,
3, BIETTHRA] DDVP ZKRToREIGHEL

ATEE L7V,

 malathion OfifilE Q}QN& Carboxy E #5 XO° phos-
phatase OYEMIZ k- T h, Carboxy-E ¥t Cook et
a5y FITOWC, HELYORIY 7, = U XA,
vwruoaandikl, verITxTYRELE, 0
fhoRh CRRZO CHEETH L RIAP L. Fik

Vit HORNPLEN & 130U 3513 B Carboxy-E 5}
6, WYk PEITA WL DT L, TR
IWOIEHLELL\Z.—_EA@&ﬂ EERRIML, ¥
FH0 13 O'Brien?™ Ot L3R Y, HHMOR
RMZRWTRH10 Carboxy-E X malaoxon % 53R
WTERNZ ERERW L. T Tt~ 7228 O'Brien
AT R ORI ORISR BB 2 ST 38
J % 723bic “weak link” B2 2418 U7:,  weak link
BRATBBROFFRICHEEL, ZOTTRHARIEHEZ
IS ko CTRBEARS D, BREEYTIR
BA% L 75>, malathion %5 XX acethion DB
WT, ZO weak link 13 38D X 512 carboxyester
#TdH- T Carboxy-E i ko TR B X
3. FHLRT TR DOINHE LR U7,
UTRSEEL UL blav, BHE SR
JWELTHBE/ dimethoate o weak link (carboxy-
amide J§CdH- T, Bulic i L THIFLEc v
H\v> amidase FE{EIC Xo TESENRO 25135
DEEZTWD, mmaMMea%Omm%E®ﬁ¥
ﬁ?&ﬂﬁ@ﬁﬁﬂo*@lvhf&&h.

CH;0 CH,0 é
3 >};—S—> _ ‘-N< > 3 > +
CH,0 6 A CH;, CHaO “

malathion & [ijft7ciieC amidase : dimethoate
& DUTUIRBUGIE STFMOVBNIHE 2 5h,  phos-
pharodithioate CAME L5 LD LTS5, &
7288 1 JUTR L2881 5 %, DDVP, Diazinon,
Bayer 29493, Chlorthion, Dipterex, » 5t Co-
Ral, ronnel, Trolene &5i3ByUEATEERBMTH
5%, ZOMOTTHEEAIY carboxyester 3EdH D\t
carboxyamide JE% ¥/l ¢, Mg P-O, P-S &
5wt P-C #&1k\wWwTBZIL, phosphatase O
B x> TSNS D LEXL BN %Y, Diazinon
B X0 ORLFIEED = % 7 9 12 R Tl
RO <Y AR Ko THLSHEESh D™, LiL
2UALIXUT & T VI X 5 parathion'®, 5o 7
N s Xt v <2 aaandg i o phosphatase
IZ X % paraoxon, methyl paraoxon® o i2ilifB
NIRRTV EAPLN TS, Lisdis T,

MAFLMAEY & IR I CI3TA{ET 5 phosphatase 358755
2, WIS T 5 phosphatase 23EFEL,

BRHIBFELLEWLIZZLND, BEHEDICOM
DB HEEFI D weak link 13 phosphorus-oxygen-alkyl

- #ETH- T, FEMMLAYS T ORMI SRR

CEHETBEREBLTVW2 D LERELTVS
phosphorus-oxygen-alkyl 3t DA IEHRIZIIT D
ARTTBBR O R OPII ko THBE T,
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—~ ORI AT BRI OV T X D BIEE D S W
2,6,2020,2 Krueger et al. !V OEREOPIHIC XV,
NSl W4 iz 354 5 Co-Ral o phosphorus-oxygen-
elthyl JEOLA%NE Diazinon % parathion K H~<Ch&
ZYERTRO T A SIS,
@@M&ﬂﬁx@ﬁﬂﬁko»rﬁ.%ﬂm%kﬂ
WD b HYERL 5 F LRI U TlHE
&%mraammamwgazmenrua.wz
i, b5HED, 1D 44 L8, AF AL
L&y, 3) 4% LAY FORTGEERTDH D
INSHOBEMEOEMISED LS IE X L T W
5, Fhibb, BOAMILEMCE~S & ENOER
HIMSEED BRI 5 L A Hh D, B
HUTIE LRI A o L EUENTEEL, THTLEMAIC I 3TEE
LV ERET 2225 T, RHOMMERIEIC I
A% CORAREC BH 5 L ZAHRTW LW
B,24,8580 - QIRBE LI PGS
D, BEAFANERIERD, HIRMESBIE®, BatElt
BERFACO 22 S QN R T AR BT O S 2H 5.
FERORIGEEZ BT 5V 50 B ARTD S
HC, 44 boRElicoOVWTRL XLgshTwd
LM i3 OBrien B%% i X 2 AR KT HBH 0
Tetram OPFETHSS. INSOTIRI IhiE,
P70 Tetram (33 % 7 ) DRHERAN XL BET
Bh%, A4 At Tetram REBELIZWT E2HI50
Twh, H5 pHICHT HAEGFICHT 4400
A, INEoWElD pKa it ko TiEE 5. #\v pKa.
%473 % G ER pH TEELTA 4 b
N5, BBU7A XS cRducs- sy T
HEINERCH D00, TOXS LYTOBSIETIT
POETBTELD.
Xivd pKa OfHiciddh 5 —EORRNHD L#x
Bivh, Tetram @ pKa 11§98.4 TH5H L b T,
W5, T4 RECHMISHERIIOEEE I
DT L, RROBEIHEERH LN E S
PHSHTIEMBRN L e hidn oinwn e Ex 5,
bz, AU X ) AEURIC I DRRERA
DATHBRNC N 58 1 HARE weak link Dk
KL Tdh- T, WPt ChE YR DF3 WG4 4 o~
BB ERT 5, YOI weak link OFFETENIHL -
BRIOIERLENY & BBuT3 2 BRI G
B> TWDEHEETS. Thdx, BT508EOs .
SHERE L ER IR NELR S WERRIZS VT
OHHALSENR 2 TR L, BRI W CiEEss
B4 fIHHERC 3T RO - FRGHISR o B2 #
GRS KRR X5 I D) 2FERT 5,
BEQIBR A OIS TG REEZRIM L, #2850 X THR
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Liciio T, BHFIOABLIZFF -

25 #B-N

SRS k> THMRShiw link 2RIL, &
@ link #HTERTIZ4L ChE fER D SBEG 4 % >~
YEUTHATIE, H LRSS LN S
LDEFERD, ERAROTRC Eidui s 5w
2%, RO BB RMANT 31 5 RO IR
B HVIIFIET R ORI G & weak link
EROBAL L> THPCTE 2 b0 LHEEND,
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Résumé

In the present paper, the authors attempted to
demonstrate the correlation between toxicity,
symptomology and the inhibitions of cholinesterase,
and carboxyesterase activities in the male mice
and the female adults of the American cockroach
poisoned with malathion. Malathion was applied
to the mice orally and to the cockroaches topically
using the micro-syringe.

The brain cholinesterases and the liver or gut

carboxyesterases in the mouse and the cockroach
inhibited remarkably i1 vivo by the treatment of
malathion. The rates and the times of the inhibi-
tion and the recovery of the brain cholinesterases
and the liver or gut carboxyesterases in the sur-
vived mice and cockroaches showed great difference
between the species of animals and the dosage of
application. .

After the brain cholinesterase and the liver or
gut carboxyesterase activities had shown conside-
rable recovery,> the death of the mice and the
cockroaches occurred.

The brain cholinesterases and the liver or gut
carboxyesterases showed difference in susceptibility
to the active antiesterase agent produced ixn vivo
when malathion applied to the test animals. The
mouse brain cholinesterase was inhibited faster
than its liver carboxyesterase, whereas the cock-
roach gut carboxyesterase was inhibited faster
than its brain cholinesterase. This results in vivo
corresponded with the relative susceptibility of the
brain cholinesterases and the liver or gut carboxy-
esterases for the male mouse and the female adult
of the cockroach to malaoxon in vitro. The brain
cholinesterases and the liver or gut carboxyeste-
rases in the mouse and the cockroach in vivo were
inhibited reversibly.

The authors proposed the hypothetical scheme
of the interaction between the active surface of
the carboxyesterase molecule and malathion or
malaoxon molecule as shown in Fig, 7. The
hydrolyzing reaction between carboxyesterases and
malathion, or the inhibitory reaction between
carboxyesterases and malaoxon can be explained
by the relative electronegativity differences of the
electrophilic center on the phosphate ester group
and the carboxyester group. )

Moreover, the authors discussed on the mech-
anism of selective toxicity of the general organo-
phosphorus compounds as well as malathion and
dimethoate, to the mammals and the insects in
the present paper. o
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