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   An  O-cthyl S-propy] phospherothiolate insecticide, TIA-230,  is oxidativety  activated

in the  central  nerve  of  an  insect to inhibit its acetylcholinesterase  (AChE), and  shows  strong

insecticidal activity.  Activation experiments  of  various  TIA-230  substituents  and  other

ergaiiophosphorous  insccticides were  carried  out  in the  isolated nerve  cord  
of

 larvae of

5Podoptera litura, Phosphorothielates having O-cthyl S･propyl or  O-ethyl S-butyl  greup were

strongly  activated  in the  nerve  cord  and  showed  potent insecticidal activity.  Phosphoro-
dithioates having O-ethyl S-propyl group and  O, S-dimethyl phosphorothioates were  not

activated  though  they  showcd  strong  insecticidal activity.  In these chemicals,  activation

sites  other  than  the  nerve  tissue must  function to exhibit  AChE  inhibition,

IN'l'RODUCTION

    TIA-230, O-[1-(4-chlorophenyl)-4-pyrazolyl] O-ethyl S-n-propyl phosphorothio-
late, is a  new  insecticide under  development which  shows  potent activity  against  various

msect  pests.

    Inhibition of  acetylcholinesterase(AChE)  activity  in the  central  nervous  system

progressed as  the  intoxication ofinsects  treated  with  the  insecticide developed, though
the chemical  showed  only  weak  anti-AChE  activity  in vitro (KoNo et  al,,  1983a,b).
Similar experimental  results  were  obtained  with  profenofos which  also  has O-ethyl
S-n-propyl rnoieties  (EL-SEBAE et  al.,  1980), These results  could  be explained  by  the

oxidative  activation  of  these compounds  in the  nervous  tissues  (KoNo et al., 1983 a,b)
caused  by the mixed  function oxidase  system  (N'ViNG et  al,, 1983).

   Chemical oxidation  of  these  compounds  did not  give the ideal active  principles,
S-oxides or  sulfbns,  but gave  their phosphinyloxy  sulfbnates  (OKADA and  KoNo,  1982;
SEGALL and  CAsmA,  1982) which  shewed  higher inhibitory activity  against  AChE
than  their mother  compouncls.

   Phosphinyloxy sulfonate  of  [IrlA-230 is so  unstable  in water  (OKADA and  KoNo,
1982) that it has diMculty circulating  through  the  insect haemolymph. The  oxidation

at  the fat body or  midgut,  therefore,  means  no  elevation  of  activity  in this kind  ofinse ¢ ti-

cide.  Oxidative activation  in the  nervous  system  close  to the  target  sitc  seems  essential

fbr thc exhibition  ofinsecticidal  activity.
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    In the  present paper, biological activation  was  carried  out  in the  nerve  cords  of

larvae of  SPodoptera gitura using  relative  compounds  ofTIA-230  and  other  organophospho-

rous  insecticides as  test  materials  to elucidate  the  nature  of  the activation  system.

MATERIALS  AND  METHODS

    enemicats. TIA-230, its metabolites  including phosphinyloxy  sulfbnate(I  in Fig, 1),

OH(II)  and  bis(III) compounds,  its substituents  (IV-X in Table  2), profenofos, fenitro-

xon,  rnetarnidophos,  sulprofos  and  propaphos were  synthesized,  purified by column

chromatography  and  characterized  by infrared and  NMR  spectra  in our  laboratoriesJ

Fenitrothion (99% purity) and  piperonyl butoxide(PB) were  purchased  fi'om N'Vako

Chemical Industries, Ltd. Acephate uscd  was  technical  rnaterial  of98.90/.  purity.

    insects, A  stock  culture  of  5Podoptera titura was  maintained  on  an  artificial  diet in

our  laboratories. Last instar larvae were  chosen  from the  stock  culturc  and  used  fbr

the present experiments  except  for the test of  insecticidal activity  in which  3rd instar

larvae were  used.  Average weight  ofthe  last instar Iarvac used  was  about  450  mg,

    71est of insecticidal activity. Emulsificd solutions  of  12,5, 25, 50 and  IOO ppm  of  each

compound  were  sprayed  on  potted young  soybean  plants (20 mlXpot).  One  day  after

spraying,  cut  Ieaves were  placed in a  polyethylene  cup  (6 cm × 3.5 cm  in height) and

10 3rd instar larvae were  releascd  on  them.  Dead  insects were  counted  2 days after  the

r ¢ leasc and  LC-5e  ofcach  compound  was  calculated  by a  computer  prograrn (IpsEN and

FEIGL, 1970).

    Measurement of AenE  activip.  AChE  activity  was  measured  by the method  of

ELLMAN  et al. (1961). As an  enzyrne  source,  supernatant  of  homogcnate of  final instar

larva heads at  5,OOO rpm  was  used.  After preincubation with  inhibitors, reaction  was

perfbrmed fbr 25 min  at  30"C. The  detailed procedure  was  described in a  previous
paper (KoNo et  al,,  1983 b),

    Activation of organophosphorous  compouncts  in the nerve  cord. The  nervc  cord  from  the

metathoracic  ganglion to the  terminal  abdominal  ganglion was  isolated from the  larva.

In this  insect the  nervc  cord  was  easily  separated  from surrounding  tissues  such  as  fat

bodies. Four isolated nervc  cords  were  incubated in 1 ml  LocKE's  saline  solution  con-

taining  10"5 or  5 × 10-6M  concentration  of  test compounds  for 15 min  at  250C. These

concentrations  were  much  Iower than  the  I,-50 value  of  each  compound  against  AChE

(fenitroxon was  an  exception).  After washing  with  ringer  solution,  the  nerve  cords  were

homogenized in 2 ml  of  the  ringer  solution  containing  10'3M acetylcholine  iodide to

prevent the  furthcr inhibition ofAChE  in later processes. AChE  activity  of  the home-

genate was  measured  by  the  method  mcntioned  above.  Percent inhibition ef  AChE

was  calculated  by comparing  it with  the  activity  of  the  control  without  inhibitors.

    In an  experiment  to determine the  eflect  of  PB on  the  activation,  10m6-10"4 M  PB

was  added  5 min  prior to the  addition  of  TIA-230  to the  incubation medium.  Ten

minutes  after  the  addition  ofTIA-230,  nerve  cords  were  homogenized  to measure  AChE

activity.

    Measuremcnt  of  AChE  activity  was  cluplicated in each  experiment,
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RESULTS

frzsecticidat activity

   Results of  eMcacy  tests are  shown  in the  last column  of  Tables 2 and  3.

   TIA-230  showed  very  high activity  against  3rd instar larvae; its LC-50  was  12.1
ppm.  Compound  X,  profenofos and  sulprofos  showed  eMcacy  as  high as  TIA-230.
ko-propyl isomer of  TIA-230(IV)  was  less active  but butyl substituents  (V, VI,  VII)
had potent activity.  Metamidophos and  acephate  were  also  efllective  against  this
species.  Fenitrothion was  less active  than  O-ethyl, S-n-propyl type  insecticides, TIA-230,
profenofos and  sulprofos.  Propaphos  and  substituents  VIII  and  IX  showed  little ac-

tivity even  at  the highest concentration  (lOO ppm).

AenE  inhibition in
   Anti-AChEvztroactlvltyof metabolitesof  TIA-230 (Fig. 1), substituentsof  TIA-230
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 Fig. 1, Conversion ofTIA-230  and  I-50 against  AChE  ofits  relatives.

sulfonatc,  MCPBA:  m-chloro  perbenzoic acid  (oxidizer).
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(Table 2) and  other  organoPhosphates  (Table 3) was  measured  using  the homogenatc
oflarval  head as an  enzyme  seurce.  I-50 of  each  compound  is shown  in each  figure and
table.

   The  oxidative  compound  of  TIA-230,  phosphinylexy sulfbnate  (I), showed  20
times  higher inhibitory activity  (I-50; 5'×  10'6 M)  than  the rnother  compound  (Fig. 1),

   No  substituents  ofTIA-230  showed  potent anti-AChE  activity  (Table 2) and  other

organophosphorous  insecticides except  fbr fenitroxon (I-5e; 5 × 10-7 M)  used  here were

weak  AChE  inhibitors ('I'able 3),

opect ofPB on  the activation  in the nerve  cord

   When  the  isolated nerve  cerd  was  incubated in 1O-5 M  TIA-230  solution  fbr IO  min,

Table2. Activatien of  TIA-230  relatives  in the  nerve  cord  of  sy}edoptera
       larvae and  their  insecticidal activity

L'ttA-230

  IV
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  IX

  x

:{ 8)Xb･ -..<;

XooooooosRlblOc,
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Activation cxperiment

 Conc.
  (M)
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Insecticide

Table

Profenofos

Fenitrothion

Fenitroxon

Metamidophos

Acephate

Sulprofos

Propaphos

3. Activation oforganophosphates  in the  nerve  cord

of  EPedoptera larvae and  their insecticidal activity
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                                         LCr50
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83,8%  ofthe  AChE  activity  ofthe  cord  was  inhibited (Table 1), This indicated that
TIA-230  was  activated  in the  nerve  cord,  because TIA-230 had  only  a  slight  inhibitory
activity  against  AChE  of  this  insect at  10-5M  concentration  in witro.  Addition  of  PB
strongly  suppressed  this  activation  in the  nerve  cord  at  concentrations  higher than  10'5
M.  PB  itselfhad no  inhibitory eflect  on  the  AChE  activity  ofthe  nerve  cord.

Activation of the substituents  of T][A-230
    Seven  substituents  of  TIA-230  in most  of  which  O-ethyl or/and  S-propyl groups
were  substituted  for other  alkyls  as  shown  in Table 2, were  tcsted  in the  oxidation  system

of  the  nerve  cord.  It appeared  that  phosphorothiolates having  S-iso-propyl(IV),
S-n-(V), S-see-(VI) and  S-iso-butyl(VII) moieties  were  strongly  activated  as  well  as

TIA-230. 0, S-di-n-propyl analogue(IX)  was  also  activated,  but O, S-dimethyl
analogue(VIII)  and  phosphorodithionate of  TIA-230  <X) were  not  activated  in this
system.

Actiwation of other  organophosphorous  insectieides

    Fenitroxon, a potent in vitro AChE  inhibitor showed  strong  inhibition in the  system

of  the  nerve  cord.  In six  other  insecticides tested, oniy  profenofos which  has the  same

structure  at  phosphorous  atom  as  TIA-230  underwent  strong  activation.  Fenitrothion
and  propaphos  were  activated  but not  so  strongly.  Metamidophos  and  acephate  which

have the  same  O, S-dimethyl structure  as  a  TIA-230 relative(VIII),  and  sulprofos

which  is the  same  phosphorodithionate type  as  the  relative  X  were  only  slightly  activated.

DISCUSSION

    The  nerve  cords  of  spodoptera larvae used  in incubation experiments  were  easily

separated  from the  surrounding  tissues such  as  fat bodies, confirming  that  the  insecticidal
reaction  actually  occurred  in the  ncrve  tissues.

    Strong AChE  inhibition in the  incubated  nerve  cords  with  much  lower concentra-
tions ofinsecticides  than  in vitro  I-50 indicated the activation  ofinsecticides.  Further-
more,  this activation  appeared  to be an  oxidative  one  because of  its preventien by  PB,
a mixed  function oxidase  inhibitor (Table 1).
    The  mode  of  action  of  thiophosphoryl  ester  insecticides, such  as  fenitrothion, was

generally accepted  as  the  following: they  were  activated  by mixed  function oxidases  in
the  fat body, midgut and  other  tissues in the  insect body, and  then activated  correspond-

ing phosphoryl esters  were  brought through  the  haemolymph  to the  target, mainly  to
the  nervous  tissues, to exhibit  their anti-AChE  activity.  Oxidative activation  Qf  thio-
ether  moiety  ofpropaphos  (MiKAGE et  al,, 1977) and  S-methyl moiety  of  metamidophos

(ETo et al., 1977) in the  insect body  was  also  reported.  However, methamidophos  was

activqted  neither  in the present oxidation  system  of  the  nerve  cord  nor  in thc  mixcd

functien oxidase  system  ofmouse  liver (WiNG et  al,,  1984). These  results  coincide  well

with  the  failure in a ¢ tivation  of  S, O-dimethyl substituent  of  TIA-230(Table 2, VIII),

    In the  nerve  cord  of  Lspodoptera,  thiophosphoryl  esters  which  had strong  insecticidal
activity  to this species,  were  not  activated(X,  sulprofos),  or, ifany, activated  incompletely
by the  nerve  cord  activation  system(fenitrothion).  This point indicates that this oxida-
tion  system  is apparently  difllrrent from  the  mixed  function oxidase  system  in other

insect tissues. Streng activation  took  place in the  system  on  very  restricted  compounds
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composed  of  O-ethyl S-propyl, O-ethyl S-butyl or  O, S-dipropyl phosphorothiolates.
Similar structural  specificity  was  recently  reported  in thc bioactivation system  of  mouse

liver microsoines  (NViNG et al., 1984).

    In relation  to insecticidal activity,  metamidophos  and  acephate  which  were  weak

AChE  inhibitors and  were  not  activated  in the nerve  cord,  showed  strong  activity  in

:S)bodoptera larvae. Furthermore, brain AChE  activity  was  simultaneously  inhibited

with  the development  of  intoxication by the  application  of  acephate,  although  the

intoxication developed much  more  slowly  than  TIA-230  (KoNo, unpublished  data).
These  results  suggest  that  acephate  and  metamidophos  exhibit  their insecticidal activity

through  AChE  inhibition, and  that  factors other  than  the oxidation  system  in the  nerve

cord  might  be functioning in the activation.  .

    Compound  X  and  sulprofos  which  showed  strong  insecticidal activity  were  also

weak  inhibitors of  AChE  and  were  not  activated  in the present activation  system.

These  compounds  seem  to be oxidated  in two  steps  to have potent anti-AChE  activity,

first at  the  p=s  part by  fat body  and  midgut  and  then  at  the  S-propyi part by the nerve

tlssue.

    In TIA-230  type  organophosphates,  oxidative  compounds,  phosphinyloxy sul-

fonates, were  very  unstable  in water  and  easily  converted  to metabolites  lacking in

anti-AChE  activity,  so  that  transportation  of  the oxidated  compounds  through  the  hae-

molymph  is useless  for their insecticidal activity.  It can  b ¢  concluded  that  activation

at  a  site  close  to  the  target  is essential  for this kind ofin$ecticide,
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