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   On  single  or  repeated  oral  administration  of  
i4C-labeled

 esfenvalerate  [(S)-os-cyano-3-
phenoxybenzyl  {S}-2-(4-chlorophenyl)tsovalerate] to  male  and  female rats  and  rnice  at  2,5
mgtkg  or  2,5 mglkgfday  for succcssive  1O days, radiocarbon  was  rapidly  and  almost  completely

excreted  inte the urine  and  feces. i4C
 ttssue  residues  after  single  oral  administration  were

general]y very  low  except  for  in the  fat in both  rats  and  mice.  Major  biotransformation

reactions  were  I) oxidation  at  thc  2- and  3-positions of  the acid  rnoicty  and  the 2'- and  4'-

phenoxy  positions of  the alcoho]  moiety,  2) cleavagc  of  ester  linkage, and  3} conjugation  ef

thc rcsultant  carboxylic  acids.  alcohols  and  phenols  with  glucuronic  acid,  sulfuric  acid,

glycine or  taurine.  Treatment  of  rats  and  mice  with  single  or  repeated  oral  doses of  a  mix-

ture of  UC-esfenvalerate  and  unlabeled  [2S, aR]-,  [2R, ctS]-  and  [2R, atR]-isomcrs  of  fenvalerate

[(RS)-ec-cyano-3-phenoxybenzyl (RS)-2-(4-chlorephenyl)isovalerate] at  the equal  ratio

revealed  that  the unlabclecl  isemcrs added  hardly  affectcd  
UC

 excretion  profiles, 
i4C

 tissue

residues  and  amounts  of  metabo]ites  of  esfenvalerate,  indicating that esfenvaleratc  bchaved

independently  of  othcr  isomcrs. 
'1'hcre

 were  no  significant  diffcrences in metabolic  fates

between  esfenvalerate  and  fenvalerate except  that  
i4C

 fenvalerate Iabeled in the  acid  moiety

showed  slightly  highcr  
i4C

 tissue residues  than  csienvalcrate,  due  to formation of cholesteryl

(R)-2-(4-chlorophenyl)isovalerate from  fenvalerate but not  from  esfenvaleratc.

             INTRODUCTION

  Fenvalerate [S-56e2, Sumicidin@, (RS)-a-
cyano-3-phenoxybenzsrl  (RS)-2-(4-chloro-
phenyl)isovalerate] is ene  of  the most  potent

pyrethroid  insecticides and  it has  four cbiral

isomers due to the presence of  two  asymmetric

carbons,  which  are  [2S,ctSi-, [2S,aR]-, [2R,ctS]-
and  [2R,aR]-isomers abbreviated  as  esfen-

valerate,  Afi, Bct and  BP, respectively.  Esfen-
valerate  having the highest insecticidal ac-

tivity is under  a  developmental  stage.  Metabolic
fates of  racemic  fenvalerate have been ex-

tensively investigated in rats,  mice  and  dogs
by  using  three preparations Iabeled with  

i`C
 in

the acid  and  alcohol  moieties  as  well  as  the
cyanogroup.t'3)  Furthermore,  the in vivo  and

in v-itro comparative  metabolism  studies  on  the

four isomers  of  fenvalerate showed  that there

was  a  significant  difference in metabolism

among  the four isomers.`'8) That  is, of  the

four isomers, only  the Bcaisomer produced a

lipophilic conjugate  of  tl)e acid  moiety  with

cholesterol  (CPIA-cholesterol ester), which  was

somewhat  bioaccumulative and  persistent in

tissues,`,5) althougl')  the  four isomers underwent

almost  the same  metabolic  fates, except  for

the formation of  CPIA-cholesterol ester  from

the Ba-isomer.B) The  metabolic  fate of  esfen-

valerate  has been investigated in comparative

studies  of  esfenvalerate  and  fenvalerate,2) or

ef  the four isomers,`'S) but metabolism  of

esfenvalerate  itself has never  been studied

suMciently.
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  Pyrethroid  insecticides, including fen-
valerate,  generally have  several  stereoisomers

and,  for instance, cypermethrin  has as  many  as

eight  isomers. In several  reports,9'i2}  the
metabolic  tatcs of  each  isomer  of  pyrethroid
insecticides are  compared,  but at  present in-

formation regarding  the interaction of  the
isomers of  pyrethroid insecticides is not

available  yet, It is unknown  whether  the
behavior of  an  isomer is independent of  other

isomers in absorption,  excretion  and  bio-
transformation  processes.
  This report  describes excretion  profiles,
tissue residues  and  quantification of  urinary

and  fecal metabolites  after  single  or  10 con-

secutive  administration  of  esfenvalerate  labeled
with  

i`C
 in the acid  and  alcohol  moieties  to

rats  and  mice.  Fenvalerate  was  also  studied

as  a  reference  compound.  Furthermore, it was
investigated if the  other  isomers  (Afi, Bat and
B6) have any  effects  on  the metabolism  of

esfenvalerate  when  the labeled esfenvalerate

preparation are  administered  concomitantly

with  the other  unlabeled  other  isomers  to rats
and  mice,

       MATERIALS  AND  METHODS

1. Chemicals
  

t`C-Labeled
 esfenvalerate  and  fcnvalerate

used  in this study  are  Iisted in Table 1, 
"i`C-

alc''  and  
"i4C-acid''

 represent  the Iabeled

HlcftM\ftg'.t.en  15 if ee 2eSIZnt  2 ll: 5 A

Table  1 Labeled  positions and  specific  activities

of  
i4C-labeled

 preparations  of  esfenvalerate,

*esfcnvaleratea)  and  fenvalerate.

c[x*Lcoo:/

 :O
OO

      
*
 

i4C
 labclcd position

Spccific activity  (mCi!mmol)

Esfen-valerate *Esfen-

valcrate

 Fen-valerate

acid  alcoholacid  alcohol  acid  alcohol

34.9  35.534.9  33.534.5  34 0

a)
 

iesfenvalerate;
 

i4C;-esfenvalerate
 containin.cr  3

  unlabeled  isomers  [(2S, czR),  (2R, ocS)  and

  (2R, ecR}]  at  the equal  ratio.

positions of  the phenoxy  phenyl  and  the
chlorophenyl  ring,  respectively.  

*Esfen-

valerate  represents  
"C-esfenvalerate

 containing

the other  three unlabeled  isomers  (A6, Bct and
BP) at  the equal  ratio.  Their radiochemical

purities were  more  than  99%,  determined by
TLC.  The  preparation of unlabeled  authentic

standards  used  in this study  was  reported  pre-
Viously.i,2,o

2. 7-LC

  Precoated silica  gel 60F2s4 chromatoplates

(20× 20 cm,  O.25 mm  layer thicknes$, Merck)
were  used  for both  analysis  and  separation  of

metabolites,  The  solvent  systems  used  were

A) nhexane-toluene-acetic  acid  (3/15/2, two
developments),  B) benzene saturated  with

formic acid-diethyl  ether  (10!3, two  develop-
ments),  C) I-butanol-acetic acid-water  (611,il),
and  D)  petroleum  ether-diethyl  ether-acetic

acid  <90/1OlI).
  Rf values  for authentic  standards  of  various

metabolites  were  reported  previously,i,D The

unlabeled  standards  were  detected under  ultra-

violet  light.

3, Radioanalysis and  Atttoradiogrmph),

  Liquid  scintillation  counting  (LSC), com-

bustion analysis  and  TLC  autoradiography  were

performed as  reported  previously.ia)

4. TreatmentofAnimals

  Six week  old  Charles River (CD)-derived
Sprague-Dawley rats  and  ddY  mice  were  ob-

tained from Charles River, Japan and  Shizuoka
Laboratory  Animal  Center, Shizuoka, Japan,
respectively,  and  were  acclimatized  for about
7 days prior to use.

  These  animals  were  supplied  with  a  diet

(CE-2, Clea Japan Inc., Japan) and  water  ad

libitum during the experiment.
4.1 Singledosegromp

  Each  of  the labeled preparations was  dis-
solved  in corn  oil prior to administration.

Both  sexes  of  five SD  rats  and  five ddY  mice

received  a  single  oral  dose of  each  of  
'`C-acid-

or  
i`C-alc-esfenvalerate

 and  *esfenvalerate  at

2.5mglkg  (IOmg/kg fenvalerate equivalent).

Similarly '`C-acid-
 or  

i`C-alc-fenvalerate
 was

orally  given to the animals  at  10 mgfkg.  The

administered  volume  was  5 mlXkg  throughout

NII-Electronic  
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                RESULTS

1. t4CExcretion

  Single oral  adrninistration  of  
i`C-acid-

 or

i`C-alc-esfenvalerate,
 

*esfenvalerate
 or  ienval-

erate  to both sexes  of  rats  and  mice  at  2.5
and/or  10 mgfkg  resulted  in rapid  and  almost

complete  elimination  of  radiocarbon  from the

animal  body  into thc urine  and  feces. Mice

excreted  radiocarbon  into the urine  to a  Iarger
extent  than  rats.  Total Tecoveries  of  

'`C
 in

rats  for esfenvalerate,  
*esfenvalerate

 and  fen-

valerate  were  98-!Ol%  (20-390/S- into the urine

and  59-799!. into the feces) ior the 
i`C-acid-

preparations and  95-1010/, (24-35% into the

urine  and  61-71%  into the feces) for the 
i`C-

alc-preparations,  and  in mice97-103%  (35-52e,!.
into the urine  and  46-640,C into the feces)

for the i`C-acid-preparations
 and  95-I02%

(49-600/. into the urine  and  42-49%  into the

feces) of  the i'C-alc-preparations
 (Table 2).

Distribution of  '`C  excreted  into the urine  and

feces of  rats  and  mice  treated with  esfen-

valerate  was  very  similar  to those with  
*esfen-

valerate  and  fenvalerate. No  significant

differences between both sexes  were  observed

in the excretion  patterns ef  esfenvalerate,

*esfenvalerate  and  fenvalerate.

1990 161

this study.
4.2 Ten  coftsecuttve  dose gro"P
  Both  sexes  of  five ddY  micc  at  the age  of  7

weeks  old  received  daily a  single  oral  dose  of

i`C-acid-esfenvalerate,  *esfenvalerate  or  fen-

valerate  at  the rates  of  2.5, 2,5 or  10 mg/kgl

day, respectively  for consecutive  10 days.

  The  treated rats  and  mice  were  kept  in all-

glass metabolism  cages  (Metabolica CO-2@,

Sugiyamagen  Iriki Co., Ltd,, Tokyo, Japan),
and  the urine  and  feces were  collected  separate-

ly for 7 days (single dose groups) or  for 16

days (10 consecutive  dose groups). Expired

air  was  not  trapped  because  in a  previous test

no  
i`C02

 was  exhaled  in the expired  air,i) The

treated animals  were  sacrificed  7 days after  a

single  oral  dose or  7 days after  the  Iast shot  of

10 consecutive  doses and  major  tissues were

excised  to determine total  radiocarbon  by

combustion  and  LSC.  Tissue residue  levels

were  given as  parts per billion equivalents

(ppb) of  the administered  
rdC-Iabeled

 prcpara-
tions based  on  wet  tissue weight.

5. Analysis ofExcreta
  Each  of  the  O-2  day  (single oral  dose) and

O-4, 4-8 and  8-11  day  (consccutive dose)
                                     '
urine  was  directly sut)jected  to radioanalysis.

  Each  of  the O-2 day  (single oral  dose) and

O-4, 4-8  and  8-11 day  <consecutive dose) feces

was  homogenized  three times with  acetone-

water  (9!l) by  using  an  Excel  Auto  Homogenizer

(Nihon Seiki, Tokyo, Japan), the homogenates

were  filtered, and  then  the extracts  and  re-

sidues  were  radioassayed.  The  acetone  extracts

wcre  each  combined  and  then  subjected  to

TLC  analysis  after  eoncentration  with  a

rotary  evaporator  at  30ulOOC.  The  3-7 day

(single oral  dose) and  11-16 day (consecutive
dose group) feces vLTere homogenized  with

water  by a  Polytron@  (Kinematica, Switzer-

land) and  aliquots  of  the  homogenates were

combusted  prior to LSC,

6. Analysis  qf A･fetabolites in Excreta

  The  acetone  extracts  of  feces, urine  and

conjugated  metabolites  were  analyzed  in the

same  manner  as  reported  previously.i-`)

o.---to6-vetoovof5g

i

     

       O  2 4 6 8  10  12  14  16

       m mm t
                 Days

Fig. 1 i4C  rccevery  durin.a a  period  of  10 con-

secutive  oral  administration  of  
i4C-acid-esien-

valerate  to male  ddY  mice  at  2.5 mgtkgtday  and

subsequent  7 days.

o, totali4C; e, i4C  in ieces; A, 
i4C

 in urine;  t,
dese  of  UC-acid-esfenvalerate.

NII-Electronic  
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of  
iiC

 acid-labeled  prepara-

163

Table  3 i4C  recoverv  alter  10 consecutLve

tions  to male  and  female  ddY  mice  at  2.5 tooral

 administration

10 mglkgtday,

i4C-componnd   Dosage

(mglkglday)
Sex

i4c  rccovery  (9,G)

Total IJrinc Fcces

Esfenvaleratc

*Esfenvalerate

Fenvalerate

2.5

2.5

10

MaleFemalcrvIaleFemaleMaleFcmale98.594.492,891,396,497,645,554.152

 O48,448.956.5

53,O40.S40,842.947.541.1

'

  Treatment  of  both sexes  of  mice  with  10

consecutive  oral  doses of  i4C-acid-esfenvalerate,

*esfenvalerate  or  fenvalerate for 10 days

resulted  in rapid  and  almost  complete  excre-

tion (Fig. 1) and  there were  no  significant

differences observed  in the excretion  patterns
among  esfenvalerate,  

*estenvalerate
 and  fen-

valerate  (Table 3).

2. Tissue Res-idttes
                                   '
  Table  4  shows  

i`C
 residue  levels in the tissues

of  male  rats  and  mice  7 days after  single  oral

adrninistration  oE  each  of  
i`C-labeled

 prepara-
tions of  esfenvalerate,  *esfenvalerate  and

fenvalerate, Tissue residue  levels in all groups

were  very  low  although  the fat for both the
i`C-acid-  and  

t`C-alc-preparations
 showed  slight-

Iy higher residue  levels than  other  tissues.

No  apparent  sex  differences were  observed  in

the "C  tissue residue  levels (data on  females

net  shown).
                                    .
  XNTith respect  to the 

i`C-alc-preparations,

                                    -

esfenvalerate  showed  aimost  the same  tissue

residues  as  *esfenvalerate,  and  fenvalerate

gave  approximately  4 times  higher 
i`C

 residues

than  esfenvalerate  or  *esfenvalerate,  indicat-

ing that there was  no  substantial  difference in

tissue residues  among  esfenvalerate,  
*esfen-

valerate  and  fenvalerate, because  the dosage

of  ienvalerate was  four times higber than that

of  esfenvalerate  or  *esfenvalerate.

  With  respect  to the 
i`C-acid-preparations,

the  i`C  tissue residues  were  generally higher

in mice  than  in rats,  and  esfenvalerate  and

*esfenvalerate  gave almost  the sarne  tissue

residues  in both animals,  whereas  fenvalerate

gave slightly  higher i`C
 tissue residue,  partic-

ularly  in thc adrenal,  liver, mesenteric  lymph

node  and  spleen  of  mice  compared  with  esfen-

valerate  and  *esfenvalerate,

3. Amounts of Metabolites in Excreta
  Tables  5a and  5b  show  two  examples  ef  the

amounts  of  metabolites  in excreta  after  single

oral  administration  of  i`C-csfenvalerate,  *esfen-

valeiate  or  fenvalerate to male  rats  and  mice

at  2.5 and!or  IO mglkg,  because  no  apparent

sex  differences were  observed  and  species

differences occurred  only  in the case  of t'C-alc-

preparations.2)
  The  parent compound  and  two ester  metab-

olites  (2'- and  4'-OH-parent compounds)  were

found in the feccs of  both animals.

  From  the acid  moiety,  CPIA  in lree and

glucuronide forms was  obtained  as  a  major

metabolite  in both animals  (data on  mice  not

shown).  3-OH-CPIA  in free and  lactone

forms, and  2,S-OH-CPIA  in free, lactone and

glucuronide forrns were  also  obtained.  In

addition,  CI-Bacid in free and  lactone forms,

and  Cl-BDacid anhydride  were  found as  minor

metabolites.  These metabolites  were  detected

in all treated groups  of  both species.  The

amounts  of  metabolites  differ between  the two

species.  Esfenvalerate  differ slightly  from

fenvalerate in the amounts  of  metabolites,  but

esfenvalerate  produced almost  the same

amounts  of  metabolites  as  
*esfenvalerate.

 A

trace amount  of  CPIA-cholesterol ester  was

detected only  in the feces of  mice  treated with

fenvalerate, but  not  in that  of  rats  or  of  mice

treated with  esfenvalerate  or  *esfenvalerate.

  Major metabolites  from the alcohel  moiety

were  PBacid  and  4'-OH-PBacid  both in free
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Table4  UC

csfenvalerate,tissue

 residues  7 days  after  single  oral  administration  of i4C-acid-  or  i4C-alc-

*csfenvalerate
 or  fenvalerate to male  SD  rats  and  ddY  mice  at  2.5 or  10 mglkg.

                              (ng. parent  compound  equivalentlg  wct  tissue)

Rat

Esfenvalerate *Esienvalerate Fenvalerate

Tissue 2.5 mg/kg 2.5 mglkg 1O mglkg

Acicl Alc Acid A]c Acid Alc

Adrenal

BloodFatKidneyLivcrMesenteric

 Lymph  node

SkinSpleen

  -a)

178 ± 45

 5± 1

27 ± 1

 17± 19

  3± 3

294± 98

 5±  7

 3±  2

 30± 16

 10±  6

 2=  1

185 ± 33

 2± O

 5 ± 1

 10± 7

 11± 7

295± 80

 3±  1

 6 ±  I

 31± 12

  7± 5

 188± 104

1318 ± 657

 18± 8

 51± 24

 l22 ± 60

 34± 20

 48 ±  17

1289 ± 898

  9 ±  5

 103･  59

 42 ±  26

Mouse

Tissue
Esfenvaieratc *Esfenvalerate Fcnvalerate

2.5 mglkg 2.5 mgtkg 10 mg.  Ikg
Acid Alc Acid Alc Acid Alc

Adrenal

BleodFutKidneyLivcrMesenteric

  Lyrnph  node

SkinSpleen

 4 ± 1
301 ± 61

 10± 1

 28  ±i 
･18

 38 ± 15

 S± 1

384± 108

 18 ±  5

 8 ±  2

40i  42

57･  45

 5 ± 4

 18± 16

329 ± 52

 4 ± l

 9 ± 2

39± 2164

± S3

 4 ± 1

266 ± 85

 35 ± 7

 101  2

 32 ± 21

 55± 22

 938 ± S71

 32± 2

1340=297

 78;  13   .L297

±  71

509± 315

 175 ±  84

 142 ±  13

l160 ± 80<P

 IOI± 96

 16± 10

 129 ± 58

 108 ± 73

'['hc
 figures show  mean  vulues  ±  standard  deviation  of  five animals.

The  following tissues  showed  gencrally lmver  residue  levcls: bone, brain, heart, lung, muscle  and  testis.
a)

 below  the detection limit: dependin.cr on  tissues andi  specics  (2-360 ppb>.

and  conjugated  forms, The  following were

the species  differences feund  in the nietab-

olites  from  the alcohol  moiety:  1) taurine
conjugate  of  PBacid  was  found only  in mice,

and  2) 4'-OH-PBacid  in free and  sulfate  forms
occurred  in greater amounts  in rats  than  in
mice.  These  results  were  similar  to those
obtained  in thc previously study.2)  Although
there was  an  apparent  species  difference in the
metabolites  from the aleohol  moiety,  esfen-

valerate,  
*esfenvalerate

 and  fenvalerate pro-
duced almost  the same  amounts  of  metabolites

in both  animals.

  Table 6 shows  the  amounts  of  metabolites

in the 8-1l day  excreta  of  mice  treated with

10 consecutive  oral  administration  of  i4C-acid-

esfenvalerate,  *esfenNialerate  or  fenvalerate,
There  was  no  significant  difference in the

pattern of  metabolites  among  O-4, 4-8  and

8-11 clay excreta  (data not  shown).  The
major  metabolite  was  CPIA  in free and

glucuronide forms, and  other  metabolites  were

essentially  identical to those in case  of  single
oral  administration.  The  amounts  of  metab-
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Table5b  Ameunts
UC-alc-csE

¢ nvalerate,of

 metabolites  in O-2 day excreta  after

*esfenvalerate  or  fenvalerate  to male  ddYsin.fflemlce
 oral  administration  of

at  2.5 or  IO mg/kg.

9,b' of  dosed  
i4C

Esfenvalerate *Esfenvalerate Fcnvalerate
Metaholitcs

2.5 mg/kg 2.5 mgik.a 10 mgtkg

Feces Urine Fcces Urine Feces Urine

Parent  compoun{'1

4'-OH-Parent  compound

2'-OH-Parcnt  compound

I'Bacid Frcc

             C}lv               J
             Tau

             Glu

4'-OH-PBacid  Free

             Sul

             Glu

2LOII-PBa.cid  

'Free

             Sul

PBacidOthersUnextraetable

 i4C

Total  i4C

 30

  4

}o

,2.4,8

o.s

o5244.1,3.8.4

 O.2

 S.4

 OAlt.2

 O.5

 6.1

 S.1

 O.5

 O.4

 O.3

23.8

49.9

 31.9

  3.8

} O.7

O.6

 O.2

 3.3

 22t12.7

o

3o17

 133

 2,
 o,o

16,

49.

7

663333816

3

9

 35

  2

}o,848

Ll

o52471338

o

2oll

 1333oo

20

47

'

''

4

767571123

3

6

The  figures show  the data  frorn t'ive animals,

Gly, glycine conju.ffate;  Tau,  taurine conjugate;  Glu, glucuronide;  Sul, sulfatc,

    Table6  Amounts  of  mctabolites  in 8-11 dav  excreta  after  10 consccutive  oral  doses of  
i4C-

    acid-csfcnvalerate,  'csfenvalerate  or  fenvalerEte to male  tidY  micc  at  2.5 or  10 m.crtkg/clay.

of  dosed  KC

Esfenvaleratc *Esfenvalerate Fenvaleratc
Mctabolite

2.5 mg/kg 2.5 mglkg IO mg/kg

Feces Urine Feces Urine Feces Urine

Parent  compound

CPIA-cholesterol  ester

4'-OH-Parcnt compound
2'-OH-Parent compound
CPIA  Free

             Glu

3-OH- ¢ PIA  Free

             Lactone

2 3-OH-CPIA  Free '

             Lactone

             Glu
Cl-Bacid  Free

             Lactone

Cl-BDacid-anhvdridc            "
OtlicrsUnextractablc

 i4C

Total  i4C

  5

 o
 o

 o

  o<o<o<o

<o

  1
  1

  9

.5

.7.2.3

.1.1.1.1

.1

.6.6.9

 4.7

 O.9

 O,4

  1.0<O.1<O.1

 O.4
 O.5

 O.3<O.1

  3,8

 11.9

  5,7

  O.8

  O.2

  O.3

<O.1<O.1<O.1<O.1

<O.1

  1.2

  1.1
  93

 3

 o
 o

 o<o

 o

 o
 o

 o<o

 2

  9'

59361123319

o

 6<o

 o<o

  o

  o<e<o<o

<o

  1

  o

  9

11713

1111

i

281

 4

  1
 o

 o
 o<o

 o
 o

  1<o

  3

 12

'

'

5o492132115

1

Thc  figuies sho".  the  data  from  fivc animals.

Glu, glucuronide.
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than  other  tissues, and  furthermore the pre-
vious  in vitro  studies5,6) revealed  that homog-
enates  ef  mouse  tissuc produced CPIA-

cliolesterol  ester  to a  Iarger extent  than  those
of  rat  tissue. The  findings from  the present
study  are  in agreemellt  with  the results  from

the previous in vivo  and  in vitro  studies.`'6)

On  the other  hand,  there appeared  to be no

signiflcant  differences in the t`C
 tissue residues

from the 
i`C-alc-preparations

 because the
residues  were  in proportion  to the  dosage,
Similarly there was  no  significant  differencc in
i`C

 tissue  residues  with  both  the acid-  and  alc-

labeled preparations between  esfenvalerate  and

*esfenvalerate.

  Major  metabolic  pathways  of  esfenvalerate

were  oxidation  at  the  2- and  3-positions of  the

acid  moiety,  and  at  the 2'- and  4'-positions of
the  alcehol  moiety,  ester  cleavage  and  con-

jugation reactions  as  reported  previously,i,E)
and  the pathways  were  thc same  as  those of

fenvalerate except  that CPIA-cholesterel ester

was  produced from thc Bat-isomer of  fen-
valerate.  Table 7 shows  comparison  in per-
centages  of  metabolic  attacks  among  esfen-

valerate,  
*esfenvalerate

 and  fenvalerate.
Esfenyalerate appeared  to undergo  C-2 and

C-3 oxidations  in rats  to a  slightly  larger extcnt
than  fenvalerate. On  the other  hand, ester

cleavage  in rats  and  mice  seems  to occur  to a

smaller  extent  in esfenvalerate  than in fen-

15 {2), May  1990

olites  from esfenvalerate  were  almost  the
same  as  those from *esfenvalerate  and  fen-
valerate  except  tor CPIA-cholesterol ester

from fenvalerate.

                DISCUSSION

  In 
i`C

 excretion  patterns, esfenvalerate  did
not  differ significantly  from *esfenvalerate

 or

fenvalerate. However, the radiocarbon  ex-

creted  into urine  of  rats  and  micc  dosed with

esfenvalerate  and  fenvalerate was  somewhat

less as  compared  with  the results  obtained

previously. This  may  be due to different

vehicles  (Tween 80  aqucous  solution  in the

previous study  and  corn  oil in tbe present
study).i,2,6)  Corn  oil seems  to  disturb tbe

abserption  of  fenvalerate from gastrointestine
to some  extent.

  Esfenvalerate  showed  less r4C
 tissue residues

for the acid-labeled  preparation than fen-
valerate,  and  this tendency  was  much  clearer

in mice  than  in rats,  The  reasons  seem  to bc
that CPIA-cholesterol  ester  was  produced  only

by  the Bct-isomer of  fenvalerate but not  by
esfenvalerate`,5)  and  that CPIA-cholestcrol
ester  was  somewhat  bioaccumulative and  per-
sistent  in tissues, particularly in the livcr,
spleen,  adrenal  and  mesenteric  lymph  node  of

mice.`'5]  The  previous  in viwo  studies`,5)

showed  that these tissues of  mice  tended to
retain  CPIA-cholesterol ester  to a  larger extent

Table  7 Extent  of  metabolic  attacks  onesfenvalerate,  
*esfcnvalerate

 or  fcnvalcrate.

%  of  dosed  
i4C

Esfenvaleratc *Esfenvaleratc Fenvalerate
Site of  attack

2.5 mgfkg 2.5 ingt'k.cr. IO rnglkg

Rat Mouse Rat Mouse Rat Mouse

Acid  moiety

  C-2-Oxidation

  C-3-Oxidation

Alcohol  moiety

  2'-Phenoxy  hydroxylation

  4LPhenoxy  hydroxylation

Ester  cleavatte")

10 515.6

 1,925.227.5

16.19.

 o,12.32.

l6

899

II,616.2

 2,127.924.9

14.618,8

 O.713,430,2

 7.811.8

 2.127.633.0

14.421.9

 1.013
 O39.4

Thc  figurcs show  thc  inc:an  data  from  malc  ai]d  female  animals.

The  figures show  the sum  of  oxidized  metabolites  at  the  2- ancl  3-position of  the acid  moiety,  and  the  2'-
and  4'-position of  the alcohol  moiety  in O-2 aay  excreta,

R)
 The  data  show  the  sum  of  the ester-cleaved  nietabolites  in O--2 day  excreta  from  the acid  moiety.
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valerate ．　 Esfenvalerate 　 showed 　almost 　 the

same 　arrays 　of 　urinary 　and 　fecal　metabolites

as 　
＊esfenvaleratc ，　indicating　that　other 　un −

labeled　A19，　B α and 　Bβ
一isolners　did　Ilot　have

anv 　 effects 　 oll　 the　 biotransfor皿 ation 　 reaction　 り
of 　esfenvalerate ．

　 There　was 　no 　 significant 　 difference　in　thc
amounts 　of 　metabolites 　of　in　the　O−4，4−8　and

8− llday 　excreta 　Qf 　mice 　among 　esfenvalerate ，
＊
esfenvalerate 　and 　fenvalerate，　 implying 　that

any 　isomers　of 　fenvalerate　neither 　induced　nor
inhil）ited　 the　enzymes 　 responsible 　 for 皿 etab −

olisrn 　of 　esfenvalerate 　and 　fenvalcrate，　and

that　 other 　ulllabcled 　 isomers　 hardly 誼 ected

the　mctaholism 　of 　esfenvalerate ．

　From 　the 丘ndings 　in　this　study ，　it　can 　be
cQncluded 　 that　 esfenvalerate 　 behaved　 in−

dcpendently　of　other 　isomers　in　rats 　and 　mice

and 　that　esfenvalerate 　substantially 　underwent

the　 same 　 metabolic 　 rcactions 　 as 　 fenvalerate

except 　 that 　fenvalerate　produced　 CPIA −

cholesterol 　ester ．
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要 約

　Esfenvalerateの ラ ッ ト， マ ウ ス で の 代謝お よ

　び他の 異性体 の esfenvalerate の 代謝 に 対 す る

　影響

　　　　　　　　　　　　磯部直彦 ， 金子秀雄 ， 斯波久 二 雄

　　　　　　　　　　　　　斎藤幸
一，井藤重美，角田紀子

　　　　　　　　　　　　斎藤亜 矢 子 ， 吉武　彬 ， 宮本純之

　
14C

標識 esfenvalerate ［（S）一α
・cyano ・3−phenoxybenzy1

（S）−2−（4−chlorophenyl ）isovalerate］を 雌 雄 ラ ッ トお よ び

マ ウ ス に 2，5mg ／kg ま た は 2 ．5mg ／kg／day で 工 回経 口

ま た は 10 日 間 連 続経 口投与 を 行 な っ た ．投与
1℃ は 速

や か に か つ ほ ぼ完全 に 尿糞 中 に 排泄 され た ．14C
組 織 残

留量 は 脂肪 以外で 全般 的に 非常 に 低 か っ た ．主要代謝反

応 は 1）酸側 の 2−，3一位 と ア ル コ ール 側 の 2’一
，
4’一位 の 酸

化，2）エ ス テ ル 結合 の 開裂 お よ び 3）グル ク ロ ン 酸 ， 硫

酸 ， グ リ シ ン ま た は タ ウ リ ン と の 抱 合反 応 で あ っ た ．

i4C −esfenvalerate と fenvalerate［（RS ）・α 一cyano ・3・phe ・

noxybenzyl （RS ）・2・（4−chlorophenyl ）isovalerate］の 3 非

標識体 ［（2S ，
α S）， （2S ，

■ R ）お よ び （2R ，
α R ）］との 等量

混合物 を 1 回 ま た は 連 続 経 口 投 与 し た ．14C ・esfenvale ・

rate の 単独投与 と比 べ て
1℃ 排泄率 ，

　
ldC

組織 残留量 お

よ
．
び 代 謝物量 に 差異 は 認 め ら れ な か っ た ．こ の こ とは

esfenvalerate の 体内挙動は他異性体か ら独立 して い る こ

とを示 唆 して い る ．ま た 酸側
1℃ 標識 f  valerate と es −

fenvalerateの 代謝 を 比較す る と fenv巳lerateが 全般 的 に

若干
一
高い

「4C
組 織 残 留 量 を 示 した．こ れ は fenvalerate

だ け か ら 生 成 す る cholesteryl （R ）
−2−（4−chlorophenyl ）

isovalerateに よ る もの で ，
こ の 生 成以 外 に は esfenvale −

rate と fenvalerateの 生 体内運命に大きな差異 は な か っ

た ．
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