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          The  differences in the effects  of  thc {R,S)-S isomer  of  feniJalerate, {R,S)-alpha-cyano-3-
      phenoxybenzyl (S)-2-(4-chlorophenyl)-isovalerate on  the  clcctrephysiological  actis,ity  of  the

      central  and  peraphcral nervous  systerns  }iai'e been  studied  in the American  cockroach,

      PeriPlaneta  ameTicana  (L.). Thc  CR,S)-S isomer  of  fenvalerate produced  an  increase lellowed

      by  a  decrease in impulse frequency  of  both  nervous  systems.  In  the  central  nervous  system,

      the  frequency  level fluctuated  among  the  each  nerve  impulse  isolated from  external  recording

      folloM.ing application  of  thc  (R,S>-S isomer  of  fenvalerate. The  maxirnum  frequenc}r ef

      Tepetitive  firing in each  nerve  was  not  significantly  different. In  the peripheral nervous

      system,  the process of intoxication was  nearly  identical to that of  the  central  nervous  systcm

      except  that  a  change  of  frequency  was  not  observed,  The  time  required  for thc inhibition of

      spontaneous  discharge following the application  of  the  (R,S)-S isomer  of  fenvalerate was

      longer  in the  central  nervous  system  as  compared  to the  peripheral  nervous  system.  There

      was  no  significant  difference with  regard  to thc  times to cessation  spontaneous  nerve  activity

      or  the  rnaximum  frequency  ef  repetitive  firing induced  by  fcnvalerate between  central  and

      periphcral nervous  system  activities,  Thcse  results  indicate that  one  major  differencc be-

      tween  the peripheral and  the  central  nervous  systems  regarding  the  effect  of  the (R,S)-S
      isomer  of  fenvalerate  on  each  ncrvous  system  is the  onset  time  of  the  toxic effect  after  ap-

      plication.

             INTRODUCTION

  Many  studies  have  shown  that pyrethroids
alter  the activity  of  both central  and  peripheral
nervous  systems.t,2)  One  major  interest has
been  about  the  mode  of  action  of  py･rethroids
and  DDT  type  insecticides, especially  in
regard  to which  nervous  system  is the actual
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site  of  toxic action  at  the organismal  level.3)
Although many  studies  have  demonstrated

that the peripheral nervous  system  is more

sensitive  te pyrethroids thall the central

nervous  system,`'9)  why  the  peripheral nervous
system  is more  sensitive  than  the central

nervous  system  is still unknown.  The  purpose
of  the present study  was  to clarify  the dif-
ferences in the effect  of  pyrethroid, fenvalerate,

between the ¢ entral  and  peripheral nervous

systems  of  the American  cockroach.

  The  central  nervous  system  was  represented

bv  the ventral  nerve  cord  while  the cerci  was

ug'ed  as  a  model  for the peripheral nervous

system,  Fenvalerate  has  two  asymmetric

carbon  atoms,  therefore four optical  isemers

exist.  XVe have  used  a  pair of  diastereomers
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of  fenvalerate, (R,S)-S isomer of  fenvalerate,
that is more  toxic than  the (R,S)-R
iSOMer,tO'IR]

       MATERIALS  AND  METHODS

1. Insects
  Two-  te 4-week adults  of  male  American
cockroaches  were  taken frem stock  culture

reared  with  water  and  rat  diet (CE-2, Clea

Japan Inc., Toky･o, Japan) at  250C and  16L-

8D  condition,

2, Jnsectictldes

  The  (R,S)-S isDmer of  fenvalerate was  pro-
vided  by  Sumitomo  Chemical  Co. (Osaka,
Japan), Stock solutions  of  fenvalerate were

made  in dimethyl sulfoxide  (DMSO) at  con-

centration  of  lxlO'2}{,  1 × 10-3i･f and  1×

IO-4 A･T.

3. Plt>,sioZogical Saline Soltttion

  Physiological saline  solution  contained  200
mM  of  NaCl, 3.1 mM  of  KCI, 5,O mM  of CaCI2･
H20,  and  was  buffered at  pH  7.2 with  1115M

of  NaH2P04  and  Na2HP04.

4. Jnseoticide APPIication
  Stock solutions  of  fenvalerate were  diluted
with  tlie pl]ysiological saline  solution,  The
concentration  of  DMSO  in the solution  did not

exceed  l9,tt, This level of  concentration

caused  no  adverse  effect  on  nerve  activitv.

The  test solution  was  applied  direct]y to the
nerve  preparations at  room  temperature.

5. Central Nervo･us System Prfiparation

  After being  anesthetized  with  C02, the legs
and  head  of  the  cockroaches  were  removed.  A
large opening  was  made  in the cuticle  of  the

abdomen  to remove  the gut and  associated

tissues. The  tracheae  associated  with  the
nervous  system  was  also  partially dissected

out.  The  neural  sheaths  of  ganglia were  re-

moved  using  microscissors  and  fine forceps,
Small  nerves  emerging  from  each  ganglion
were  crushed  with  forceps to eliminate  sensory

discharges. The  abdominal  cavity  was  fiIIed

with  physiological solution  and  silver/silver

chloride  electrode  (O,05 mm  in diameter) was

placed  under  the ventral  nerve  cord  between

3rd and  4th ganglia.

mlgg  eg2eilZrk  6 -i 5 H

6. Peripheral Nervous S),,stem PreParation

  The  dissection was  identical to that describ-
ed  for the central  nerveus  system  preparations,
In this case,  however,  the recorcling  electrode

was  placed under  the nerve  cord  between the

6th ganglion  and  cercus  to record  the extra-

celluiar  sensory･  discharges,

7, Recording

  The  external  recording  was  performed  using

the air-gap  method,  A  small  part of  the  nerve

cord  was  above  the level of  the bath solution.

Stainless wire  was  used  for the  reference  elec-

trede which  was  placed in bath solution.  All
recorded  electrical  signals  were  preamplified by
a  microelectrode  amplifier  (MZE-8201) and  a

biophysical preamplifier (AVB-2B), and  were

displayed on  an  oscilloscope  (VB-8) to which  a

recording  camera  (PC-2B) was  attached  (Nihon
Kohden  Co., Tokyo, Japan). All experiments
were  started  le to 15 min  following the  isola-

tion of  the nerves,  This  time  length was

suthcient  for the preparation to recover  to its
normal  level of  spontaneous  activity.  The

subsequent  nerve  activity  of  each  preparation
was  recorded  for perieds of  up  to 4 to 6 hr.

8. Cagculation of the SPike Fregu･enc.v
  The  activitv  ef  individual nerve  fibers was

identified by"the  amplitude  ef  their extra-

cellularly  recorded  action  potential and  was

analyzed  separately.  The  frequency of  im-

pulse was  calculated  as  number  of  spikes  per
min  (mean± S.D.),

9. Statistical Analysis

  Data  were  analyzed  by  a  two  sarnples  t-test

and  a  one-way  analysis  of  variance  using  a

mlcro  computer.

                RESULTS

1. Central Nervo"s System
  In the central  nervous  system,  spontaneous

activity  increased followed by  repetitive  firing

occurred  at  5.83± 4.0min  after  the applica-

tien of  IxlO-6}t  of  the (R,S)-S isomer of

fenvalerate (Table 1). A  conduction  block of

the spontaneous  discharge occurred  with  a

mean  time  of  43.6± 18.5min  in the  external

recording  (Table 1). Each  fiber contributing

to the external  recording  was  identified bvy･ its

NII-Electronic  
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Table  1 The  time  (in n]in)  for onset  of  intoxication and  cessation  of  actien  potential
or  repetitii,e  firing fellowing application  of  the (R,S)-S isomer  of  fenvalerate to  the

central  and  peripheral nervous  systems  of  the American  cockroach,  PeriPlaneta

americana  (L.) and  the time  (in min)  for duration  of intoxication.

Onset  of  toxicity Duration Cessation

C;entral

  External
  Identified

Peripheral

5,83± 4.0 <6)a
19.7 ± 9.6  (5)b
O.43 ± O,23  {7)c

8.48± 2.8 (4)1
11,6 ± 5.3  (6)1

43.6 ± 18.5 (7)x
23.8± 12.2 (4)y
12,5t.5.2  {6)z

Data  were  given in mean ± S. D. with  the number'  o"f experl'  nM{ents  in parentheses. The  same  letters are

not  significantly  different Ct-test; P>O.05). Data  were  obtained  from  7 preparatiens  for external,  5 prep-
arations  for identified ancl  7 preparations  for peripheral. Seme  data  were  excluded  when  the  unsuita-

ble experimental  conditions  occurred  for measurement  including unclear  time  course  of  intoxication,
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 Fig. 1 The  irequency of  irnpulse of  the  central

 nervous  system  in the Arnerican  cockroach  after

 application  of  the  (R,S)-S isomers  of  fenvaleratc.

 Letter  shows  each  identified nervc.
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Fig.2  The  frequency  of  impulse  of  the  peTi-

pheral  nervous  system  in the American  cock-

roach  after  application  of  the (R,S}-S isomers  of

fenvalerate,

Letter  shows  each  identified nerve.

spike  amplitudes,  revealing  differences in the
time  course  of  texicity (I;ig, 1). In one  fiber

(a), the spontaneous  frequency was  fluctuated
during the  intoxication process. In another

(c), the frequency of  repetitive  firing was  sus-

tained  longer and  then  finally stopped.  In
another  (d), the frequency  of  the control  firing

activity  was  monitored  after  application  and

then  inhibited. The  onset  of  the spontaneous

activity  increase in each  identified nerve  fiber

was  averaged  l9,7±9,58min  (Table 1). The
average  period of  time  between the onset  of

repetitive  firing and  cessation  was  8.48± 2.8
min  (Table 1),

2  Pe-ripheml Nervoar･s S:),stem

  In the peripheral nervous  system,  the effects

of  the  (R,S)-S isomer  were  alrnost  identical to
those  observed  in the central  nervous  svstem.                                     v

In the peripheral nervous  system,  the fre-

quency  of  repetitive  firing was  more  steady,

within  1 min  after  application  of  the (R,S)-S
isomer of  fenvalerate, spontaneous  activity  in-
creased  (O.43± O,23min), This level was  kept

until  cessation  occurred  (Fig, 2a, b). The
mean  duration of  the fenvalerate effect  was

11,6± 5.3min  (Table 1), There was  no  dif-
ference in duration  between the central  and

peripheral nervous  systems  (t-test; P>O.05),
The  time  of  cessation  of  repetitive  firing after

application  of  lxlO-6M  the (R,S)-S isomer
averaged  12.5± 5.2 min  (Table 1).

3. Freguency ofRePetitive Firing

  Table  2 shows  the frequency of  repetitive

firing (frequency per min)  recorded  during the
application  of  the  1 × 10-6 }{ of  (R, S)-S isomer
of  fenvalerate. In the central  nervous  svstem                                     J
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Table2  ii'requency of  repetitive  firing during

appl{cation  of the (R,S)-S isomer  of  fenvalerate
to the central  and  peripheral nervous  systems  of

the  American  cockroach.

Ccntral Peripheral

642 ± 133 (9) 611 ± 183 C6>

Data  were  count  per min  and  given  in rnean ±

S.D.  with  thc number  of  experiments  in paren-
theses. Fifteen  cockroaches  were  used  for these

experiments,

Thcrc  was  no  significantly  different between two

values  (t-test, P>. O.05).

the rnaximum  frequency of  repetitive  firing
was  642± 133 spike  per  min  compared  te the

peripheral nervous  system  frequency of  611±
l33 spike  per min.  There was  no  significant

difference between the central  and  peripheral
values  (t-test; P>O.05).

               DISCUSSION

  Many  studies  have  attempted  to resolve

whether  pyrethroids and  DDT  should  be con-

sidered  as  centrally  or  peripherally acting

toxins. CIements &  May･i) reported  that alpha-

cyano  type  pyrethroid had  potent stimulatory
effects  on  thc peripheral nervous  of  the desert

locust, Schistocerca gregaria (L.), and  that the

repetitive  discharge originated  at  the cell

rather  than the axon.  On  the basis of these
results,  they  concluded  that the primary  site

of  pyrethroid action  was  the peripheral
nervous  system.  Adams  &  Miller5:6) investi-

gated  the effect  ef  tetramethrin  on  the metor

nerve  activity  of  the houseflv, Jfusca  domestica

(L.). An  extremely  low  dose of  this cempound

produced a  repetitive  discharge in the central

nervous  system  but not  in the peripheral
nervous  system.  In the present study,  the

repetitive  discharge occurred  both in the

central  and  the peripheral nervous  systems

after  app]ying  1× 10-6M of  the (R,S>-S
isomer  of  fenvalerate. The  two  svstems  differ
in the time needed  for the repeti{ive  firing to
cease  following insecticide application  (Table
1). In this aspect,  the peripheral nerveus

system  is more  sensitive  than  the central

nervous  system  to the (R,S)-S isomer  of

fenvalerate. "Je examined  identified nerve

activity  muking  up  the external  recording  in
the central  nervous  system.  The  time  re-

quired for the cessation  of  repetitive  firing is
averaged  8.48± 2.8min. This  value  was  not

signifieantly  different from that  of  the peri-

pheral nervous  system  (11,6± 5,3min). The
central  nervous  svstem  is surrounded  bv･ con-               v' U
nective  tissues such  as  the nerve  sheath  that

impedes some  compounds  from reaching  the
site  of  action,i`,i")  This barrier might  have

produced the delayed appearance  of  the toxic
effects  observed  in the central  nervous  svstem.

In contrast,  the peripheral nervous  system

lacks such  barrier, therefore thc insecticide
easilv  reaches  the nerve  membrane  sodium

channels,  
･i.e.,

 the presumecl  site  of  action.

  The  frequency of  repetitive  discharge was

highly stable  CTable 2), In our  recent  ex-

periment, the threshold of  transition from
resting  state  to spontaneeus  repetitive  firing
state  caused  bv  the  external  Na+  concentra-

tion was  chang"ed  by the py. rethroids  (Nagata
et  al,, unpublished  data). Although  the  thresh-

old  Na+  conccntration  was  shifted  lower  value

in the preparatoril-v applied  fenvalerate than
in the control  preparation, the frequency  of

spontaneous  repetitive  firing in high cxternal

Na+  concentration  was  not  significantly  dif-
ferent in the presence or  absence  of  pyrethroid.
This suggests  that the appearance  of repeti-

tive discharge is an  intrinsic response  of  the
nervous  s.vstem.  Repetitive activity  was  ob-

served  in many  circumstances  such  as  the ap-

pljcation of  intense stimulation,  changing  in

ionic circumstances,  high temperature,  etc.

1'yrethroids and  DDT  type  insecticides may

change  the intrinsic response  of  the nervous

system  to changes  in the surrounding  condi-

tions. There may  be no  difference in the
action  ot  pyrethroid on  Na  channels  in the

central  and  peripheral nervous  systems,  there-

fore an  organismal  difference might  be the
cause  of  the differential sensitivity  to pyre-
throid in each  nervous  svstem.  The  mecha-                      v

nistic  process relating  the disruption of  the

nervous  function to insect death has not  been
established,  so  that the  importance of  identi-
fying the organismal  action  site  is not  clear.

Further studies  establishing  the  relationship

between toxicity ancl  altered  nervous  activity

are  needed  to clearly  identify the  mode  of

NII-Electronic  



Pesticide Science Society of Japan

NII-Electronic Library Service

Pestioide 　Soienoe 　Sooiety 　of 　Japan

∫Ottr 錫 al （ゾPestic・ide　Sc・ience　19 （2）May 　1994 77

action 　of 　fenvalerate．

　 　 　 　 　 　 ACKNOWLEDGMENTS

　 We 　 wish 　to　 cxprcss 　our 　thanks 　to 　Drs ，　 T ，
Narahashi ，　 w ．　 Marszalec ，　 J．　 Bloom 　 of 　Northwest じrn

Ulliver3ity　 Medical 　 SchQQl ，　 Drs ，　 T ．　 Saito，　 K ．　 Naka ・

muta ，　E ．　 Hayamizu ，　Y ．　Tsubaki，　T ．　Tallaka 　and 　Y ，

It6　ill　 our 　laboratQry 　for　their　llelpful　comments 　and

cont 三nued 　 encouragement ．　 We 　 also　 express 　 thanks

士oDrs ．　 T ，　 ShQno ，　 Y ．　 Kainoh 　 and 　 T ．　 Kusano 　 of

University　of　Tsulcuba　fc〕r　their　helpful　comments ．

｝1

〕2

〕3

45

〕6

ー7

）8

）9

10）

11｝

12｝

REFERENCES

A ・N ．Clements ＆ T ．　A ．　 May ：　P ‘
・罐 6．∫c

’i・8，
661 （1977）
G ．F ．　 Ruight ：　

「
℃ omprehellsivc 　 lnsect 　 Physi −

o］oSry ，　 B 正ochemistry 　and 　PhaI・macology ，
”

ed ．　by
G ．A 、　Kerkut ＆ L ．　T ．　Girbert，　V 〔〕1．　X ，　Pcr8amoll

Press，　 Oxford ！Ncw 　 YerkiTrontotSydney
／

iParisi

Frankfu τt，　pp 、184−262．1985
R ．、V ．　 Beemar1 ；　 1A　nn ，　 Itet，．　 Iinton・zθ1．27，253

（1982）

D ．W ，　 Gammon 二　P ど
・
読 6．5 ‘：‘，9，79 （1978｝

M ．E ．　 Adalns ＆ T ．　A ．　 MiLler ：　 PE・stic ．　 BioohetTz．
P ノリystlol，11，218 （1979）

M ．E ．　 Adams ＆ T ．　A ．　 M 川 er ：　 Pestic．　 Biocliei・n．

P〜lrysilol．13，137　〔1980＞

A ・J．Elia ＆ D 、　R ．　 GardIler： Pesttc．　 B ・tocSie− n．
P みy舘 oJ．21，326 （1984｝

A ．J．　 Elia ＆ D ．．R ．　 Gardner ：　Pestic．　 B ・iochem，

P 乃ニレsiol ．36，156 （1990）

A ．E ．　 Chal皿 ers，　 T ．　A ，　 Miller ＆　R ．W ．01scll：

1）e5t ’ic．　 Bioohem ．　 f）
；り
「siol ．27，36　（1987＞

LNakayama ，　 N 、　 C）hon   ，　 K 、　 Aketa ，　 Y ．　 Suzuki ，
T ，Kato ＆ Y ．　 Yoshlda ；　

」‘
Advanccs 　ill　Pesticide

Science ，
ii

　 cd ，　 bv 　 H ．　 GeissbuNel ’
，　 Vd 、　 II，　 Pe レ

gamon 　 Press，　 Oxford1New 　 Yo エ
’k，　 pp ．174− 181，

1979V

．NoPPun ，　 T ．　 Saito ＆ T ．　 Miyata ：　 Pest・ioide
Sci．12，85　（1987）
Y ．Honmi ，　T ，　M 正yata ＆ T ．　Saito ： ノp｝

・
1．∫．　Api ）1，

13）

14）

15｝

Ento 〃 lol．− oot ．31，76 （1987）（in　Japanese　 with

EIlglish 　summary ）

K 　Nagata ，　 M ．　 Millamiyama ，　 T ．　 Saito　＆　T ．

ルliyata：　APPt ，　En 彦omol ．　Zooi．26，157 （1991〕
F．　 Matsunlura ：　

‘6Pest
　 Resistance 　tQ 　PesU −

cidcs 〆
’

ed ．　 by 　G ．　P ．　 Georghiou 　＆　T ．　 Saito，
Plenu111 　Press ，　 New 　 York ／London ，　pp ．333−352 ，

1983J

．E ．　 Trchcnc　＆　Y ．　 Pichon ；　
5

 
．
、dvances 　 in

Inscct　Physiology ド
’

ed ．　 by 　J．E ．　 Trehelle　＆

V ，B ，　Wiggleswortll ，　 Vol ，　 IX ，　 Academic 　 Press・
Ne 、v　York ，　pp ．257−315，1972

要 約

　 ワ モ ン ゴ キ ブ リ中枢 神経系お よ び 末梢神経 系へ

　 の fenvalerate の 作用

　　 　　 　　 　　 　　　 　　 　　 永田啓
一．

， 宮 田 　 正

　 ワ モ ン ゴ キ ブ リ 中 枢神 経 系 お よ び 末 梢 神経 系 へ の

fenvalerate　（R ．　S）−S 体の作川の 違 い を電気 生理学的手

法 を 用い て 調 べ た ．Fenvalerate （ft，∫）一∫ 体 は ど ち ら

の 神経系 に 対 して も反復興奮を 発 生 し，伝導 阻害を起 こ

した ．中 枢神 経 系 で は 反 復 興 奮の 周波数 は 変動 し た が末

梢神経系 で は 変動 は 観察されな か っ た．末梢神経系 の ほ

うが 伝導阻害 を 起 こ す ま で の 時問 は 中枢神経 系 に 比較 し

て 短 く，
fenvalerate （R ，

　S）−S 体に 対す る 感受性 に 違 い

が あ る こ と が 示 され た，中枢神経系 の 細胞外記録 か ら

個 々 の 神経 を同定 して それぞれ の 中毒症状を 示すま で の

時 間，中毒 の 持 続 時間，伝導阻害 を 起 こ す まで の 時間 を

調 べ 末梢神経系 と比 較 した と こ ろ 中毒症状 の 現れ る ま で

の 時間 に 大 きな違い が 示 され た．反復興奮の 周波数 に つ

い て は 両神経系問 で 違 い は示 され な か っ た，以 上 の こ と

か ら 中枢神経 系 と末梢神経系間 で の fenva 正eratc （R ，

5 ）
−5 体 の 作 用 の 違 い は 中毒症状 を 示す ま で の 時間 に 違

い が あ り， そ の こ とが 両神経系 間 で の 薬剤に 対す る 感 受

性 の 違 い の
一

つ の 主要 な 原因 に な っ て い る と考え られ

る．
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