
Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScienceSociety  of  Japan

J. Pesticide Sci. 20, 529-54e(1995)

:lal"t"t""bt"ILtttLL"1"t"dLll ±dtt±ILLtlt±1"";

 Original Article
"JllLialldllllll"IHIblLlld!11dLLIIillHllttllLLtLlll

Metabolism  of  Imiprothrin Isomers in

       Biotransformation and  Excretion
Rats :

   Koichi SAiTo, Hideo  KANEKo,  Yoshitaka  ToMiGAHARA,

         Iwao  NAKATsuKA  and  Hirohiko  YAMADA

Environmental  HeaUh  Science Laboratorv,  Sumitomo  ChemicaJ  Co., Ltd..

              Ko-nohana-ktt.  Osaka  554. JaPan

        {Received May  23, 1995; Accepted  July 13, 1995>

   Thc  biotransformation  and  excrction  of  imiprothrin  ([2,5-dioxo-3-(2-prepynyl)-1-imida-
zolidinyl]methyl  (IR)-c;･is. trans-chrysanthemate),  a  novel  pyrethroid, was  examined  by  dosing

(IR}-trans- or  CIR>-ois-I'irnidazolidinyl-5-i`C]irniprothrin orally  to male  and  fernale rats  at  1

(low dose) and  200  mgikg  (high dose), Elimination  of  the trans- and  cis-isomers  was  rapid,

and  almost  all  of  the  dosed  r4C  was  excreted  into urine,  feces and  expired  air  within  7 days,

with  the  former  route  predominating  <more than  83%  of  the  dosed  
"C).

 
r4C-Tissue

 resldues

on  the 7th dav  after  administration  were  generally low in all dosed groups. There  were  no

marked  sex-related  differences in the  rate  of  tiC-excretion  and  the  
"C-tissue

 residues  within

either  treatment  group, Te  elucidate  metabolic  pathways  of  imiprothnn,  ma]or  unnary

metabolites  were  isolated using  <IR)-cis-[imidazolidinyl-5-UC]irniprothrin and  chromato-

."raphic  techniques,  with  idicntification by  spectroanalyses  (NMR  and  MS).  Metabolites  in

urine  or  feces were  also  idcntified and  quantified by  HPLC  analyses  using  these  isolated

metabolites  as  standards.  No  marked  sex-related  differences in the  metabolite  profiles were

observed  within  dose  groups, Based  on  the  identified metabolites,  the main  metabolic  reac-

tions of  imiprothrin  in rats  are  1) cleavage  o ± the ester  linkage, 2) cleavage  of  the  imido-

methylene  Unkage, 3) hydroxylation  of  the imidazolidine ring,  4) dealkylation  of  thc 2-

prepynyl  group  and  5) oxidation  at  the w-trans-methy]  group  in the isobutenyl  side  chain,

             INTRODUCTION

  The  pyrethreid insecticide, imiprothrin !S-
4056E  S-4131I, [2,5-dioxo-3-(2-propynyl)-1-
imidazolidinyl]methyl (IR> -cis, trans-chrysan-
themate], is a  potent  knockdown  agentt)  which

comprises  two  geornetrical isomers l(IR)-
cis and  (IR)-trans] in the ratio  of  1:4. The
metabolism  of  chrvsanthemic  acid,  which  is

the acid  rnoiety  of  imiprothrin, has been well

established  from studies  of  various  pyrethroids
such  as  tetramethrin, phenothrin  and  cypheno-

thrin.Z-D A  common  major  metabolic  reac-

tion was  found, being oxidation  of  the methyl

group of  the isobutenyl group to  alcohol  and

acid  derivatives, Therefore, the present study

was  conducted  with  the objectives  of  studying

i'C-excretion,
 
t`C-tissue

 residues  and  identifica-

tion and  quantification of  metabolites  in rats

following a  single  oral  administration  of  (IR)-
trans- or  (IR)-cis-L,imidazolidinyl-5-t`C]imipro-
thrin.

       MATERIALS  AND  METHODS

1, Chemicals

  Unlabeled  (IR)-trans-imiprothrin (96.90/. pu-
rity)  and  (IR)-cis-imiprothrin (94.9% purity),
(1R) - trans - [imidazolidinyl 

-
 5 - i'C]imiprothrin

(1.95 GBq/mmel)  and  {IR)-cis-[imidazolidinyl-
5-"Climiprothrin <1.95GBqfnimol) (Fig. 1)

were  synthesized  in our  laboratory, The

labeled preparations  were  purified by  TLC

developed in benzenefethyl acetate,  411 (v/v)
before use,  the radiQchemical  purity being
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(IR)-cis-[imidazelidinyl-5-i'C]imiprothrin.

established  to be >979i.

2. ChromatograPhicProcedures

  TLC  analvsis  was  conducted  essentiallv  as

described previously by  Kaneko  et al,i) and

Saito et  al.6) Pre-coated silica  gel 60 F2s4
chromatoplates  <Art. 5715, 20 × 20cm,  O,25
mm  layer thickness, E. Merck,  Germany)  were

used  for purification of  
i`C-labeled

 compound

and  determination  of  its radiochemical  purity.
For preparative TLC,  pre-coated silica  gel 60
F2s4 chromatoplates  (Art. 5744, 20× 20cm,
O.5mm  layer thickness,  E. Merck)  were  ap-

plied, The  following solvent  systems  were

used  in the present study:  <A) n-butanol,iacetic
acid!water  (611fl, vlv);  <B) ethyl  acetate/

ethanolfwater  (712i'l, v!v);  and  (C) benzene/
diethyl ether  (4!1, vfv).

  Radioactive metabolites  on  TI.C p}ates were
detected by  X-ray  films {SB-5, Kodak,  U.S.A,)
exposed  for about  one  week  at  4aC  and  then
developed with  a  Model  M6B  processor
(Kodak),
  HPLC  was  performed  with  a  system  con-

sisting  of  an  L6200  purnp <Hitachi Ltd,, Tokyo,

Japan) fitted with  a  Cosmosil C18 column

(ODS, 4.6× 250mm,  Nacalai  Tesque,  Kyoto,

Japan), an  L4000  UV  detector (Hitachi) ancl

an  LB  507A  radioactivity  monitor  (BerthQld,
Germany), Chromatographic data were  anal-

y.sed using  Chromatopac  CR-7A  (Shimazu,
Kyoto, Japan).

3. Treatment of An･im-ats an･d  SamPle  Collec-
   tiOIZ

  SD  male  and  lemale  rats  were  purchased
from Charles River  Japan Inc. (Kanagawa,
Japan> at  6 weeks  of  age  and  acclimatized  for
! week  beiore use.  Animal$ were  given

pelleted diet (CRF-1, Oriental Yeast Co., Ltd.,
Tokyo, Japan) and  water  ad  libiteem through-
out  the studv,

  For  the  i`"C-excretion  study,  groups of  five
male  and  five female  rats  were  given a  single

oral  dose of  <IR)-trans- er  (IR>-cis-iimidazoli-
dinyl-5-'`Cr/imiprothrin at  1 or  200  mglkg.  In
tlte acute  oral  toxicity study  of  imiprothrin  iii
rats,')  LDso  values  for male  and  female rats

were  more  than  1800 and  900  mglkg,  respec-

tively, Therefore, 1 mglkg  was  selected  for

luw  dose as  a  no  effect level, and  200 mglkg
was  selected  for high  dose  as  the  dose  level

which  is supposed  to exert  some  toxic or

pharmacologic  signs,  but not  to  produce
sever  effects  or  high  incidence of  mortality  to
rats.  Corn oil was  used  as  a  vehicle  and  given
at  5ml/kg. Rats dosed with  the 

i`C-labeled

compounds  were  housed  individually in glass
metabolism  cages  (Metabolica C02@,  Sugi-

yamagen  Iriki Co., Ltd,, Tokyo, Japan), and

urine  and  feces were  collected  1, 2, 3, 5 and  7
days after  administration  of  the  

i`C-labeled

compounds,  Expired air  was  collected  1, 2
and  3 davs after  the  administration.  On  the
7th day 5fter dosing, rats  were  killed by, col-

lection of  bloocl from the abdominal  aorta

under  anesthesia  with  diethvl ether  and  a

total of  23-24 tissues  removed.

  For  isolation of  urinary  metabolites,  a  total

2 g of  (1R)-cis-limidazolidin>,rl-5-i'C]imiprothrin
was  dissolved in corn  oil and  dosed  orallv  to                                    v
13 female  rats  for 5 consecutive  davs  at  150
mgXkglday  to  allow  sufficient  amounts  of  un-

known  metabo!ites  in urine  to be collected  for

spectroanalytical  identification. The  specific

activity  of <IR)-cis-[imidazolidinyl-5-'`C:imi-
prothrin was  adjusted to 3.17 MBq/mmo}  by
isotopic dilution with  unlabeled  (IR)-cis-
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   imiprothrin, Rats dosed  with  the  
i`C-iabeled

   compound  were  housed in glass mctabolism  
Urine

                                                                   Lvophilization

   cages  to achieve  the  separate  colleCtiOn  Of  
MethanoiadditionandeentrifugatLon

   urine  and  feces as  described  above.

                                                     Supernatant Res[due

   4. Radioanalvsis              v

     Radioanalvsis was  carried  eut  essentiallv  as  Additionofwaterandethysacetatesaturatedwater

   described pr"eviously by Saito et al.6' Ri'dio-

   activity  in urine  an(l  fecal eXtraCtS  Y'aS Aq.eeusiaye, Ethyiacetateiayer

                        scintillation             by  liquid                                    cOUntlng  preparatiyeTLC   quantified
   (LSC) with  a  Tri-Carbe 2500TR  Liquid Scin-

   tillation Counter (Packard, IJ･S･A･> USiiig  (TLc.A) (TLc-B) (TLC-C)

   k,:
M

,m"pll,g,

fis.e

,if,te,

S,,ilJ-

:
`

11
iin.`oZgie,na:2e.2.9

,a:iig,g,iP,:.:k:a
a

pe.)a I::uee,ar"'ive'Lc
   Tri-Carb@ 307 Sample  Oxidizer (Packard) or  a  (R-i) (R-2) {Re) (R-4) ML,

   
'('ri-Carb@

 306 Sample  Oxidizer (Packard)

   for the combustion.  MLt

  Radioactivitv  in O-1 clav,  1-2 dav and  2-3

day urine  san{ples  was  d'eterminedV b}, LSC.

Following  the collection  of  urine  and  feces,

each  metabolism  cage  was  "Tashed  with  water

to recover  
"C

 (cage-wash). The  radioactivit.v･

in the cage-wash  sampies  was  assayed  by  LSC,

being included in the  urinary  
t`C-excretion.

The  3-5 day or  5-7  day･ urine  was  combined

with  the respective  cage-wash  samples  and

then radioassaved.  Feces of  individual rats

on  each  collection  day  were  homogenized  in a

2-fold vLTeight  of  water  using  an  Excel Auto

Homogenizer  (Nihonseiki Co., Tokyo, Japan>,
the homogenate  samples  being combusted  for

radioassay.  Expired  air  was  collected  I, 2

and  3 day.s after  administration  using  }O%

NaOH  selution  for trapping  the 
i`COz

 expired.

Aliquots of  the solution  were  radioassayed  by

LSC  using  Hionic-FluorT" <Packard) as  a

scintillator,

  For the 
i`C-tissue

 residue  determinatiens,
blood  was  divided into blood cell  and  plasma
by  centrifugation.  Rat  carcasses  were  minced

with  a  meat  chopper.  Iiach tissue sample  was

combusted  for radioanalvsis..

5. PunLiicatt'on and  Jsolation o.f Jfetc{bokltes

  A  flow diagram  of  the  purification procedures
is given in Fig. 2.

Concentration

Additionofwaterande

Partitlenning

PreparativeTLC

HPLC

HPLC

             wt

 1"ig, 2 Flew diagram of  the puritication pro-

 cedurcs  for metabolites,

5.J, Pretreatment of ttrilne
  The  collected  urinc  was  1-vophilized, ancl  ex-

tracted  with  methanol  three  times. The  ex-

tracts  were  concentrated,  and  dissolved in

water.  The  solution  was  then  extracted  with

2 vols  of  ethvl  acetate  s.iturated  with  water

three times. Approximate]y 70"･, of  the  total
'`C  was  recovered  in the ethvl  acetate  layer.

This laver was  concentrated  and  the  metab-

olites  in the laver were  separated  by  prepara-

tive TLC  under  solvent  svstem  (A) to give
three radioactive  fractions (TI.C-A, Rf: O.84-
O.70; TLC-B,  Rf: O.61-O.52; TLC-C, Kf; O.39-
0.30), and  the TLC-A  and  B  fractions were

used  for purification of metabolites  in the

prcsent study.
5.2 Metabolites 1 anil  2 (Afl and  Jt2)

  The  TLC-A  fraction was  re-separated  by

preparative TLC  under  solvent  system  (A).
The  TLC-A  fraction was  purified by HPI.C.

Fiew  rate  and  solvent  characteristics  were  1.0

inlimin  for 10 niin  isocratic with  7g'.' in water

followed bv  a  15-min linear gradiept to

methanol,  Four radieactive  peaks (R-1, R-2,
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R-3 and  R-4;  retention  times: 6,3, 10.0, 26.5
and  27.4 min,  respectively･)  werc  separated  and

their fractions werc  poeled separately.  MI
and  M2  wcre  concentrated  by  1}Jophilization
from the fractions R-1 and  R-2, respectivel-v･  .
5.S nfetabolb'tes 3 aitd  4 <M3 and  nf4)

  Fraction R-4  was  rel)urified  using  the same

HPLC  system.  FIow  rate  was  1,O mllmin  and

509!e methanol  in water  was  used  as  a  mobile

phase. Three  radioactive  peaks (R-4A, R-4B
and  R-4C; retention  times:  9.1, 13.3 and  l5,6
min,  respectively>  were  separated  and  pooled.
1;ractien R-4A  was  mixed  with  fraction R-3,
and  fraction R-4B  was  purified agajn  using  the
same  HPLC  system  (fiow rate  1.0rn1/min,
mobile  phase: 459,b' methanol  in water).  M3
in the purified R-4B  fraction was  concentrated

by  lyophilization. Fraction R-4C  was  also

lyophilized and  M4  was  isolated.
5.4 Dfetabolite 5 (Jf5)
  Fraction R-3 "Tas  repurified  using  the same

HPLC  system  <flow rate  was  1,Oml/min,
mobile  phase: 40C),t6 methanol  in "Jater).  One
main  peak was  pooled, The  metabolite  in
this fraction was  lyophilized and  named  M5.
5.5 Metabolite 6  (M6)
  The  TLC-B  fraction was  re-separated  by

preparative TLC  under  solvent  system  (A)
and  then  purified using  the  HPLC  system  (fiow
rate  1.0ml/min, mobile  phase: water),  The
metabolite  in the fraction was  ly, ophilized  and

named  M6.

6, Anal.vsis of Aletabolt'tes iln IL/xcreta

  To  analyze  the metabolites  in urine,  mixed

samples  of  one-twentieth  of  the O-1 and  1-2

          Table  l

532 ng4g  5Fnt7lg11rs

dav  urine  from the five male  or  five female rats
in the same  dose groups were  prepared.
Similar.v, to  separately  quantify the fecal
metabeHtes  of  male  and  female rats,  O-1 dav
fecal homogenates (about 1,t20 of  the totai)
were  combined  with  l-2 day  homogenates

(about 1120 of  the  total) for each  sex  and  dose

group. The  metabolites  in the  fecal horneg-
enate  mixtures  were  extracted  with  methanol

(>5 vols)  three  times,  the  extracts  being con-

centrated  in vacuo.  The  urine  and  feces ex-

tracts  were  analyzed  with  or  without  mixing

the isolated metabolite  standards  bv  HPLC  to
identif.v and  quantity the contained  metab-

olite$, The  gradient conditions  used  in the

present study  are  shown  in Table  1.

7, SPectrometilv

  The  purified metabolites  were  subjected  to
spectroanalyses  to determine  their chemical

struetures,  NMR  spectra  were  obtained  on  a

JEOL  GSX-270  spectrometer  (JEOL Ltd.,
Tokvvo, Japan) operating  at  270  MHz  for iH

and  67,5MHz  for iSC.
 Chemical shifts  were

expressed  in ppm  units  relative  to deuterium
solvents,  Electron  impact  mass  spectrometr.v･

(EI-MS) and  secondary  ion mass  spectrometry

(SI-MS) were  performed with  a  Hitachi M-80B
mass  spectrometer  <Hitachi Ltd.). In the  EI-
MS  analysis  on  a  positive ion mode,  the  ioniza-
tion voltage  was  70eV  and  the  accelerating

voltage  was  3.0kV. For  the SI-MS  analysis,

samples  were  introduced  in a  glycerol matrix

and  the spectra  were  recorded  in a  negative  ion
mode,

Gradient  conditions  tor HPLC  analvsis  of  metabolites  in urine  and  feces.

Step  No. Time  (min>
Concentration  (9,o)

Aa) Bb)
Event

12345678 o1510le10i)10 IOO10080

 o

 olOO1OO100

 o
 o

 20100100

 o

 o

 o

Equilibratjon

HoldI.inear

 gradient
Linear  gradient
HoldLinear

 gradicnt

HoldColumn

 equilibration

a)
 O,1%  trifluoroacetic acid  (TFA) in water.

b)
 Methanol,
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 357  123  s e123  S7  el

                      Days  after  administration

 Cumulative  i4C-excretion  after  a  single  oral  administration  of  
i4C

 labeLed

or  (IR)-cis- (E-H) imiprothrin  to inale  or  female  rats  at  1 or  2eO  mg/kg.

Ei  maLes  at  1 mg,/kg,  B  and  F: females  at  1 mg/kg,  C  ancl  G:  iiiales  at

H:feinales  at  200 ingikg.  e:total,  O:urine.  .".ifeces, z/expired  air,

235

(IR)-b'ans-

200 mttXk.cr,

T

                 RESULTS

1, "C-Excretion

  Data  for cumulative  
i4C-excretion

 into urine,
feces and  expired  air  during tl]e 7 days after  a

single  oral  administration  of  (IR)-t･rans- or

(IR)-c-ils-Limidazelidinyl-5-i`Climiprothrin are

shewn  in Fig. 3. Radiocarben  was  ahnost

completely･  excreted  into urine,  feces and  ex-

pired air within  7 days  in all desed groups
(98-I03%). The  urinary  

"'C-excretion
 was

83-･97%,  while  the fecal excretion  was  16%  or

less. However,  the  urinarv  excretion  of  
i`C

for the trans-isomer was  siightly  larger <89-
97?,6) than  that for the  cis-isomer  (83--919,･.').
i`C-Excretion

 into the expired  air  was  less

than  39'6 of  the dosed i'C,
 Most of  the  dosed

i`C
 was  rapidly.  eliminated  within  2 days  (98-

102%)  in all treatment  groups. No  marked

sex  differences in the 
t'C-elimination

 were  ob-

serxred  within  groups.

2. i'C-1'ilsstte
 Resid-ues

  Data  for i'C-tissue  residues  on  the 7th dav

after  a  single  oral  dose of  tTans- and  cis-isoineFs

are  shown  in Table 2. For the low  dose

groups, the level was  the highest in liver, being

8,l-8,4 and  20.9-27.2 ppb  in rats  treated with

trans- and  cis-isomers,  respectivel.y,  For  the

high ciose  groups, the  levels' were  relatively

high in liver, blood cell and  skin  and  hair, being

1.2-2.2 and  2,4-5.9ppm  in rats  treated with

trans- ancl  cis-isomers,  respectively,  There

were  no  marked  differences in the  
i'C-tissue

residues  between males  and  females within

either  treatment  group. The  levels were  lower

in rats  treated with  the trans-isomer than  in
those  treated  with  the ctls-isomer  within  dose

groups,

3. Iden･tilfication- oj' Jsolateci iVl'etaboltltes

  The  chemical  structures  of  (IR>-cis-imipro-
thrin  and  isolatecl metabolites  were  confirmed

bv  NMR  and  MS  (Table 3).

  In the 
iH

 NMR  spectrum  of  M2, there were

no  proton signais  of  the chr}Jsanthemic  acid

moiety,  indicating that thc ester  linkage was

cleaved.  Moreover,  the signais  corresponding

to the imido-methylene group of  <IR)-cis-
imiprothrin disappeared. The  other  proton
signals  were  very,  similar  to  those  of  <IR)-cis-
imiprethrin. The  

'SC
 NMR  spectrum  of  M2
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exhibited  the presence of  six  carbons  and  El-

MS  showed  a  molecular  ion peak  at  m,ix:  138.

Consequently, M2  was  identified as  2,4-dioxo-

1-(2-propy･nyl)-imidazolidine (PGH).
  Similarly･, the proton  signals  of  tl]c crhrwv-

santhemic  acid  moiety  and  the imido-n]ethyl-

ene  group  were  not  detected  in the 
iH

 NMR

spectrum  of  Ml.  The  signals  of  tlie methylene

Tablc

     Noyember  1995  535

pr(}tons in 2-propyny･1 group  were  cleariy

separated  [4.40ppm (dd) and  3.94ppm  <dd)I
implying  the effects  of  a  nearby  proton with  a

chiral  carben.  Furthermore,  the signal  cor-

respondin.cr  to the two  methylene  pretons  in the

imidazolidine ring  changed  into one  for a

proton, and  the proton  was  shifted  to the lower

field (5.31 ppm),  compared  vF'ith the  signal  o'L

3 Spectrornetric data  for isolated metabolites  and  <IR)-eis-imiprothrin.

Compounds            CI)Pm)

2.82  <IH, t, J=2.6  Hz),
4.07  {2H, s), 4,22 (2H, d, .1=2.6  Hz)

32.5, 51.2, 74,5, 78,O, 158.0, 173,3

2.78  (IH, t, J=2.6 Hz,  2.0Hz)

3.94  (1H, dcl, .1=17,8Hz,  2.6Hz)
4. 40 (IH, dd, f=17.8Hz,  2.6 Hz}

r].31 (IH,s)
29.4, 73.6, 78.6, 79.4, 155,3, 172.2

4.0  {2H, s)
48.8, 161.0. 176.0

1.31 (3H. s),  1.34 <3H, s)

1.93 (3H, sJ,
1.99  (IH, d, J=8.6Hz)
2.17 {IH, brt, J=6.6  Hz,  9.2  Hz)

2.79  (IH, t, J=2.6  Hz,  2.0Hz)

4. 04 (IH, dd, ,I=17.8Hz,  2.6Hz)
4, 49 {IH, dd, Y=17.8 Hz, 2.6Hz)

5,36 {IH, s}
i,.S2 (2H, rn),
7.08  {IH, brd, J=9.2  Hz) 

'

1.31 C3H, s), 1.34  (3H, s')

1,92 (3H, s),

1.99  CIH, d, J=:8.6Hz)
2.17  <IH, brt, .f=7.9Hz.  8,6Hz)

2.85  (IH, t, .f=2,6Hz)
4,13  {2H, s), 4,29 (2H, d, 1=2.6Hz)
S,51  (2H, in),
7.08  (IH, brd)
l.31 (3H, sli, 1.34  (3H, s)
1.93  (3H, s),
l.99  {IH, d. J=8.6 Hz)
2.16  (IH, brt, J=8.6  Hz, 9.2 Hzll

4.05  (2H, s),

5,50  (2H, m},

7.08 (1H. brd, .J=9.2Hz)
 1.18 (3H. s), 1,23  (3H, s),

1.63 (IH, d, J=8,6Hz)
 1.68  {3H, s}, 1.75 (3H, s)

 1,92 (IH, t, J=8.6Hz,  8,6Hz)

2,37 (IH, t, J=2.6Hz,  2.0Hz)
4.04  (2H, s), 4,27  {2H, d, .J=2,6Hz)
5.34  <IH, cl, .J=8.6Hz),  5.49  (2H, m)

MIR )IS (m/:)

M2

"･I1

)･16

)I3

M4

M5

(IR)-cis-
 iiniprothrin

iH  NMR  (CDsOD)

i3C
 NMR  (CD30D}

iH
 NMR  ((CDa)2CO)

isc
 NMI{  {(CDs)eCO)

rH
 NMR  (CD30D)

i3c
 NMR  (CD30D)

if{
 N)IR  [CD30])]

iH
 N"･IR  (CJ)30D}

iH
 NMR  (CD30D)

iH
 NMR  (CDC13)

E[-MS  (positive)
1 38  Ol+)

EI-MS  (positive)
154 (M+)

EI-"tS  {positive)
100  OI+)
SI-)vlS (negative)
363 (M-H)-

Sl-),rS (negative)
347  (M-H)-

SI-MS  (negative)
309 CM-H)-

El-MS  (positivc)
318 (M+)
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the two protons  of  M2  (PGH) at  4,07 ppm.
The  

iSC
 NMR  spectrum  of  Ml  exhibited  the

presence  of  six  carbons,  similar  to those of

PGH  except  that the imidazolidine ring  signal

was  shifted  to the lower field at  79.4 ppm  as

compared  with  51.2 ppm.  These  observations

suggested  that one  methylene  proton in the
imidazolidine ring  was  replaced  with  a  iunc-
tional group. The  EI-MS  showed  a  molecular

ion peak  at  ml £
-:154,  Therefore, the replace-

ment  group was  considered  to be a hydroxy

group. Consequently,  Ml  was  identified as  5-
hydroxy-2, 4-dioxo  

-
 1 - (2 - propynyl) - imiclazo]i-

dine (PGH-OH)
  In tl]e iH

 NMR  spectrurn  of  M6, proton
signals  of  the chrvsanthemic  acid  moietv  -rere

not  detected, indi'cating that the ester  iinkage
was  cleaved.  The  signals  correspondjng  to the
imido-methylene and  2-propynyl groups  were

also  not  detected. The  
i3C

 NMR  spectrum  of

M6  exhibited  the presence  of  three carbons

and  EI-MS  showed  a  molecular  ion peak  at

m/:･:  100, Thereiore, M6  was  identified as

2,4-dioxo-imidazolidine (hydantoin, HYD),

  In the 
iH

 NMR  spectra  of  M3, M4  and  M5,
the signals  corresponding  to three protens of

the methyl  group in the  isobutenyl side  chain

disappeared. However, in the  M3  spectrum,

other  signals  were  very  ¢ lose to those of  PGH-
OH.  SI-MS  showed  a  quasi-molecular  ion

peak  at  m!x:  363 (M-H)H. Therefore, M3

eg4Ii SPint79i11JI

was  concluded  to be L4-hydroxy-2,5-dioxo-3-(2-
prepynyl)-1-imidazolidinyl]methyl  (IR}-cis-2,2-
dimethyl-3-(<E>-2-carboxyl-1-propenyl)  cyclo-

propanecarbox.vlate (blt-acid-cis-PGH-OH). In
the  case  ef  the 'H

 NMR  spectrum  ef  M4,  other

signals  were  ver}J  similar  to  those of  PGH.  SI-
MS  showed  a  quasi-molecular ion peak at mlE:
347 (M-H)m, and  therefore,  M4  was  identified
as  L2,5-dioxe-3-(2-propynyl)-1-imidazolidinyll-
methyl(IR)-cis-2,2-dimethyl-3-((E)-2-carboxyl-

1-propenyl)cyclopropanecarboxylate (wt-acid-
cis-PGH).  In the 

iH
 NMR  spectrum  ef  M5,

the signals  correspondiRg  to the 2-propynyl

group  of  imiprothrin  were  not  detected. SI-MS
showed  a  quasi-molecular ion peak  at  ml.ny: 309

()'I-H)H. Therefore, M5  was  concluded  to be
l/'2,5-dioxo-1-imidazelidinyllmethyl(IR)-cis-2,2-
dimethyl-3-((E)-2-carboxyl-1-propen}tl)cyclo-

propanecarboxylate (blt-acid-cis-HYD).
  TLC  RIC values  and  HPLC  retention  times
for the isolated metabolites  and  parent com-

pounds  are  shown  in Table 4.

4. Metabot･ites i･n Urine a-nd  Feces

  The  metabulites  in pooled  (O--2 day) urine

and  fecal extracts  for males  or  females in all

dosed groups were  analyzed  by  HPLC  using

the isolated metabolites  as  standards  (Table 5).
  For  the trans-isomer, the amounts  of  PGH-
OH  were  the  greatest among  the urinary

metabo]ites  (32.9-51.69,,6 of  the dosed i`C),

Table  4 Summary  of  TLC  tij' yalues  and

purent  compounds.

retentiontimes  for metabolite  standards  and  the

Rf

     Compounds  Solyent  svstem                                             '

                             Aa)  Bb}

   HYD  O.46  O,61
   PGH.OH  O.64 OS5
   PGH  O.58  083

   (IR)-trans-imiprothrin O.67 098
   CIR)-cis-imiprothrin O.68  096

   (vt-acid-cis-HYD  O.57  O,78

   f,)t-acid-cis-PGH-OH  0.70 O.94
   tut-acid-c-ib"PGH  O,65  O,90

R)

 A  : 7r-butanoltacetic  acid!water  =± 6tl i' l,
i')

 B:  ethyl  acetatclethanoliwater==.7!2,rl,

")

 C: benzeneidiethyl  ether==4,i1.

d)
 Operating  conditions  are  shown  in Table  1,

C,c)

Retention
 timed)
  (rnin}

o.ooO.03O.05O.32O,S4o.ooo,ooO.Ol 4.712.921.440.140.035.437,638

 O
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Table  5 Amounts  of  metabolites  in urine  and

i4C-labeled
 (IR)-ti･aiis- or  (1R}-cis-irniprothrin to

mgtkg  {high doseli.

20  (4)November  1995 537

fecesnialeafter a  single  oral  administration  of

or  fernale rats  at  1 Oew  doseb or  200

Metabolite

 rLo"r
M?le

51.6

 9.7
 5,8

 9.111.8

 3,3
 O,4

.91 
･.s

 1,4

 2.7

 O,6

 2.6
 o.o
 O.7'g1o

                 
OS

 of  dosed 
i-C

      Tra･vis

dosc
 

High
 
dofis..

 
Losv

Female  Male  Female  Male

Urine

 PGH-OH

 HYD  (Hvdantoin)        v
 PGH

 UK-1
 T)rv{(}

 wt-acid-cis-pGHLoH

   +(et-acid-ois-PGH
 telt-acid-c･is-HYD

 Others

 ){. .PF. 
recoyeled

             
'L'ota]

Feces

  Parent compound
  PGH-OH

 tut-acid-cis-PGH-OH

   +blt-acid-cis-PGH
  nt-acid-cis-HYD

  PMG

  Others

  Not  recovercd

  Unextvacted

             Total

5012

 3

 5

 9

 7

 o'8'8

o6197

.4,o.8

S5.18.27.

 5.10.

 2.
 o.,5.

o247B

3oo

 o,

 2.

 o,
 3.

 o.

 L'"gl'

86

4413o

 2.3
 O,3

N.D.

 3.4

 o.o

 O.76'i

      .c//i "'-"T-''r '

dose  High  dose

32.914.129.9

 3.610.7

I-III.,
 
o..o

.96..i 
3.

N.D.

 0.2

N.D,

 3.0
 o.o

 O.5

 3.7

28.312.8

 59

 5318.2N,D.

 1.9
 7.7

 1.781,7

 1.9N,
 ,･N.

 Ll

 2.3

 O.7

 6.3

 o.o

 3.716.0

FemaleMale  Femalc

27.415,5

 5.6

 3.517.2

 3.8

 8.0
 4.7

 o.o,,1d

 O.BN.A.

 1.3

 4.8

 O.5
 3.0

 o.o

 S,113,5

32.4
 9.3l8.3

 5.911,2

 i.2

 1.9

 1. .i)

 o.o81.7'

 O.9N.,X.

 1,8

 2.2

 o.r)
 3.9

 o.o

 3.612.9

28.313,O27.4

 2.610.9

 2.9

 3.2

 LI

 
O.3.'89.5

 O.4N.A.

 1.4

 2.2

 O.2

 1.6

 o.o

 1.5

 7.4

 N.A.:  net  analyzed,  N.1).:'not detected, !'MG:  HPLC

 tabo]itc  group).

followed by  hydantoin  {HYD) (9.7-14.10i,),
Another  identified metabolite  was  PGH,  No

parent compound  was  observed.  Although

the parent compound  was  observed  in the fecal

extracts,  the amounts  were  2.39,i" or  less. In

the high dose group,  marked  increases in the

proportions of  PGH  were  observed  in the

urinarNr  metabolites  (male 27.4(l,6 and  female

29.99,',' ) in comparison  with  the low  dose group

(male 5.89,6 and  female  3.ICI,6). However,

thcre were  no  sex  differences in the metabolite

profiles of  (IR)-trans-imiprothrin within  eithev

dose group.
  Similar rnetabolite  profiles were  observed  fer

the urine  and  feces from rats  treated with  the

cis-isomer.  The  amounts  of  PGH-OH  were

also  the  greatest among  the urinary  metab-

void-peak  

'containing
 polar inetlab'olites  (polar me-

olites  (27.4--32.496 of  the dosed r'C),
 followed

by hydantoin (HYD) (9.3-15.59/6). Other

identified metabolites  were  PGH,  wt-acid-cis-

HYD,  tut-acid-cis-PGH-OH  and  tut-acid-cis-

PGH.  No  parent compound  was  observed.

As  fecal metabolites,  wt-acid-cis-HYD,  tut-acid-

cis-PGH-OH  and  wt-acid-cis-I'GH  were  ob-

served  along  with  the  parent cempound.

However, the proportion of  each  metabolite

was  less than  4.80/6. Although marked  in-

creases  in the amounts  of  PGH  were  also

observed  in the urinary  metabolites  ef  the high

dose group (male 18.3% and  female  27.40/,) in

comparison  with  the low  dose  (male 5,90f6 and

female 5.6%), no  sex  differences in the me-

tabolite profiles appeared  within  either  dose

greup.
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               DISCUSSION

  In a  previous  preliminary  metabolism  study

of  rats  treated orally  with  {IR)-trans-Limi-
dazolidinyl-5-i`C],imiprothrin or  (IR)-cis- imi-
dazolidinyl-5-i`C'imiprothrin, urinar}'  excretion

of  both  compounds  was  more  than  75ef.' of  the
dosed i4C

 within  7 days, a  greater range  of

metabolites  being observed  in the urine  of  rats

given  the cis-isomer  as  compaTed  with  the

trans-isemer <data not  sho-'n>.  Since metab-

olite  profiles for males  and  females  NaTere very

similar,  those isolated frorn female  urine  using

CIR)-cis-'imidazolidinyl-5-i`CLIimiprothrin were

investigated in the present study.

  In the 
iH

 NMR  spectra  of  Ml,  M2  and  M6

(PGH-OH, PGH  and  HYD,  respectivel}i]

(Table 3), the  signals  corresponding  to the
im{do-meth.vlene group  of  imiprothrin dis-
appeared,  which  has been reported  in metabo-

lism studies  of tetramethrin  in rats  bv  Kaneko
et al.`) and  Temigahara  et al.S) In addition,

the signals  corresponding  to the 2-prop>,nyl

group was  not  detected in the 
iH

 NMR  spec-

trum  of  M6  (HYD>. In the metabolism  of  a

pyrethroid insecticide, Etoc@  (S-4068SF),9)
having a  C-linked 2-propynyl group in an

alcohol  moiety,  the  major  metabolic  reaction

cencerning  the 2-propyn.vl group was  found  to
be oxidation  of  the C-1 or  C-2 positions.
However,  no  metaholites  oxidized  at  the  2-

propyn>sl group were  detected  in the present
case,  and  the major  metabolic  reaction  was

dea]kylation of  the N-linked 2-prop.vn.x/1 group
of  imiprothrin, suggesting  a  difference in
stabilitv  be"veen  C-C  and  N-C  bonds of  the
2-propyn.y･1 group. In the  

iH
 N}'IR spectra  ot

M3,  M4  and  M5  (tut-acid-cis-PGH-OH, (ot-acid-

cis-PGH  and  e)t-acid-c･is-HYD,  respectively),

the signals  corresponding  to three protons of

the Tnethyl  greup in the isobutenyl side  chain

were  not  observed,  and  the common  spectrum

was  a  typical oxidation  at  the a)-trans-methyl

group  in the isobutenyl side  chain  (o)t-trans-
carboxy]ic  acid),  "Tl]ich  is well-known  from
metabolisin  studies  of  many  pyrethroid  in-
secticides.2'`,S'iO)  Detailed analvsis  of  other

unidentified  radioactive  peaks. by  HPLC
showed  PIVIG to be a  void  peak  containing

polar metabolites  while  UK-1  was  considered

to be an  oxidized  metabolite  of  PGH-OH

ng 4 E･ SIZnt 7 ff 11 E

(unpublished data). Therefore, almost  all the

urinarv  metabolites  were  identified in the

present study.

  Radiocarbon  from (IR)-trans- or  (IR)-cils-
!imidazolidin>i5-i'CIimiprothrin was  almost

completel.v  eliminated  from the treated rats

-'ithin  7 davs after  administration  and  
i'C-

tissue residues  on  the 7th dav  after  administra-

tion  were  generally low in all dosed groups.
Radiocarbon excreted  into urine  from the

trans-isomer amounted  to 89-979,8 of  the dose,
while  that  from  the  cis-isomer  was  83-91Ll,,G.

The  slight  changes  in the excretion  profiles
between  trans- and  cis-isomers  are  considered

to be mainlv  due  to the difference in hvdrolvsis         .' u.,

by  esterase(s)  between  trans- and  cis-isomers,

which  is well-known  to occur  with  manv

py･rethroids."',9' Therefore, the trans-isomer

is cleaved  more  easilv  and  excreted  into urine
to a  larger extent  than the cis-isorner,  which  is

consistent  with  the larger amounts  of  urinary

ester  cleaved  metabolites  (PGH-OH, HYD  and

PGH)  for the trans-isomer (66-770/") as  com-

pared with  those for the cis-isomer  (47-69%)
in the present study.  However, urinary  

t'C-

excretion  of  the both  imiprothrin isomers was
liiglt (more than  839,tt of  the applied  dose> and

the  differences in the 
i`C-excretion

 profiles
between trans- and  cis-isomers  were  slight  in

e.omparison  with  the  phenothrin,2' tetra-

methrin,")  cyphenothrin`)  and  Etoc@") cases.

These  results  imply  that  both  imiprothrin

isomers are  better substrates  for the esterase(s)

of  rats  in t,ix,o  as  compared  with  other  pyre-
throid insecticides. In addition,  the  noted

excretion  of  bl-trans-carboxylic  acid-type  me-

tabolites((tit-acid-cis-PGH-OH,blt-acid-cis-PGH

and  blt-acid-cis-HYD)  into urine  clearl},r con-

tributed  to  the  increase in urinarv  
"C-excre-

tion from the cis-isomer.  

"

  Remarkable  increases in the proportions of

PGH  were  detected in the urine  of  animals

treated with  the high dose of both isomers. In
contrast,  the proportions  of  the oxidized  form,
PGH-OH,  which  is a  main  metabolite  of  imi-

prothrin, was  decreased, From  the metabolite

profiles, the major  metabolic  reactions  of

imiprothrin were  concluded  to be the oxidation

bs' mixed  function oxygenase  or  ester  hydrol-

y･sis b.v the  esterase(s}.  Therefore, the  metab-

olite  profile of  imiprothrin  depends  on  these
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要 約

　イ ミ プ ロ ス リ ン 異性体 の ラ ッ トに お け る 代 謝 ：

　生体内変換

　　　　　　 　　　 斎藤幸
一・一

， 金子秀雄 ， 冨 ケ 原祥隆

　　　　　　 　　　　　　　　　 中塚 　巌 ，山 田 宏 彦

　新 規 ビ ン ス ロ イ ド 系 殺 虫 剤 イ ミ プ ロ ス リ ン ニ2，5−

dioxo −3 −
（2 −proPyIlyl）− 1−imidazolidiny1］methyl

（IR ＞−cis ，　trans ．cllrysanthematc の tvallS お よ び c
・
IS

体の ア ル コ
ー

ル 側
1
℃ 標 識 体 を 雌 雄 ラ ッ トに 1お よ び

200mglkg の 割 合 て 一回 経 口 投与 した ．その 結果，す

べ て の 投与群 で
14C

は ， 速 や か に ，投 5後 7 日 目ま で に

ほ ぼ 完 全 に 尿，糞 お よ び 呼気中 に 排泄 され ，組 織残留 最

も全般 的に 低値 を 示 した． 1
℃ 排 泄率お よび 1‘C 組織残

留 に 顕 著 な 性差 は 認 め られ な か っ た ，CllS 体 の ア ル コ
ー

ル
・
側

14C
標識体を 刑い て 尿 中か ら単離 ， 構造決定 した代

謝物 を 用 い て 同定 され た 排泄物 中 の 代謝物 よ D，代謝反

応：と して 1）エ ス テ 丿レ結合 の 開裂，2）イ ミ ドメ チ レ ン 結

合 の 開裂 ， 3）イ ミ ダ ゾ リ ジ ン 環 の 水酸化 ， 4＞2一プ ロ ピ

ニ ル 基 の 脱離 ，
5）酸側 イ ソ ブ テ ニ ル の メ チ ル 基 の 酸化

を認 め た ．イ ミ プ ロ ス リ ン の 両異性体 の 代謝物 に 顕著 な

性 差 は 認 め ら れ な か っ た ．

N 工工
一Eleotronio 　Library 　


