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   Uptake,  distribution, rnctabolism  and  excretion  of  tebufenpyrad  [N-(4-tert-butylbenzyl)-
4-chloro-3-ethyl-1-methy]pyrazole-5-carboxamide,  PyranicaO],  a  synthetic  acaricide,  wcrc

studied  with  carp,  Fish were  expos ¢ d to 
i`C-tebuienpyrad

 treated  water  (1.2 pgll) for 28
days, followed  by  14 days  period  for depuration.  Bioconcentration facters (BCFs) of  i4C

rcached  a  steady-state  plateau ".ithin  7 days  ef  exposure  and  its maximum  BCF  was  864.
HPLC  analysis  showed  that  less than  4%  of  thc  

i`C
 in whole  fish was  tebufenpyrad  to gis,e the

maximum  BCF  of  29. Gall bladdcr bi]e contained  the highest concentration  uf  
i4C,

 followed
by  gastrointestinal tract  with  the  centcnts  and  hepatopancreas.  Tebufenpy[ud  was  not

detected  in the bile. An  cnzyrnatic  treatmcnt  sllggested  that  84%  of  the  
i4C

 in bilc were  l7-
glucuronic  acid  conjugates.  Major  inetabolic  reactions  of  tebufenpyrad  by  carp  wcrc  hydrox-

ylation on  the  tert-butyl  moicty,  followed by  oxidation  te the carboxyl  group  and  conjuga-

tien of  the resultant  metabolites  with  glucuronic  acid.  During  the depuration phase, morc

than  98%  of  
t4C

 were  excreted  frem  fish -.ithin  7 days  svith  a  half-life of  O.5 days. The  results

of  this study  stron.u.ly  suggest  that  aetive  biotransformation  and  excretion  pLay important

roles  to  lewer  the  bioaccumulat{ve potential of  tebufenpyrad  by  carp.

             INTRODUCTION

  Tebufenpyrad  FIV-(4-tert-butylbenzyl)-4-
chloro-3-ethyl-l-methylpyrazoie-5-carbox-

amide,  Pyranica@1 is a  potent s}Jnthetic

acaricide,i)  Before practical use  of  this acaricide
in the  field, it is important  to evaluate  the fate

of  this compound  in the environment.  The
high lipophilicity (1-octanol/water partition
coeflicient  [logP] of  5.04) of  this compound

may  affect  its uptake  by  aquatic  biota. In

many  cases,  bieaccumulation potentials of

chemicals  inte fish are  predicted from  the

re]ative  lipophilicity measured  by  their Iogl'

values,2)  For example,  the BCF  value  of  a

compound  having the log P  of 5.04 is predicted
to be 2200 from  an  equation  of  

``log

 BCF=i
O.82･IogP-O.75''  proposed  by  Hoshikawa  et

al.S) On  the other  ])and, many  organic

chemicals  undergo  bjotransformation in fish

ziia phase  I (oxidation, recluction,  etc.) and

phase II (conjugation) reactions  to more  pelar
derivatives, which  are  more  readil}r  excreted

than  the parent compound.`,5)  The  uptake,

distribution, metabolism  and  excretion  of

tebufenpyrad  by  aquatic  organisms  have not

been studied  yet. This study  is designed  to

evaluate  the  bioaccumulative  potential of

tebufenpyrad  in carp.

       MATERIALS  AND  METHODS

J. Chemicals

  Tebufenpyrad  labeled with  
i`C

 at  the C-3

position in the pyrazole ring  wa$  synthesized

bv  Daiichi Pure Chemicals Co., Ltd., Ibaraki,

Japan, The  specific  activity  was  863MBql

mmel  OIW=333,9) with  radiochemical  purity
of  greater than  990/. as  determined  by  HPLC

and  TLC  under  the conditions  described later.
ToLidentify the metabolites  of  tebufenpyrad,  a
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Table  1Authentic  standards  used  in this  studv.                             .

Chemical  name [Abbreviation]

N-(4-tert-Butylbenzyl)-4-chloro-3-ethyl-1-methylpyrazo]e-5-carboxamide

N-(4-tert-Butylbcnzyl)-3-acetyl-4-chloro-1-methylpyrazole-5-carboxamide
N-(4-tert-Butylbenzyl)-4-chlore-3-(1-hydroxyethyl)-1-methylpyrazole-5-carboxamtde

N-[4-<1-Hydroxymethyl-1-methylethyl)benzyl]-4-chloro-3-ethyl-1-methylpyrazole-
  5-carboxarnicle

N-(4-tert-Butylbenzyl}-4-chlere-3-(2-hydroxyethyl}-l-methylpyrazele-5-carboxamide

N-[4-(1-Hydroxymethyl-1-methylethyl)benzyl]-4-chloro-3-(1-hydroxyethyl)-1-methyl-

  pyrazole-5-carbexamide
AL[4-(Hydrexymethyl-1-methylethyl)benzyl]-3-acetyl-4-chloro-1-methylpyrazole-5-

  carboxamide

N-(4Iert-Butylbenzyl>-4-chloro-3-ethylpyrazole-5-carboxarnide

N-[4-(1-Carboxy-1-methylethyl)benzyl]-4-chloro-3-ethyl-1-methylpyrazole-5-carboxamide

N-(4-tert-Butylbenzyl)-3-carbexymethyl-4-chloro-1-niethylpyrazole-5-carboxamide
N-[4(1-Carboxy-l-methylethyl)benzyl]-4-chloro-3-(1-hydroxycthyl)-1-methylpyrazole-5-
  carboxamidc

N-[4-(1-Carboxy-1-methylethyl)benzyl]-S-acetyl-4-chloro-1-methylpyrazole-5-carboxamide

4-Chloro-3-ethyl-1-methylpyrazole-5-carboxylicacid

4-Chloro-3-ethyl-1-methylpyrazole-5-carboxamide
tl-Chloro-3-(1-hydroxyethyl)-1-methylpyrazole-5-carboxamidc

3-Acetyl-4-chloro-1-methylpyrazele-5-carboxarnidc
4-Chloro-3-ethylpyrazole-5-carboxylic  acicl

N-[4-(1-)Iethyl-1-sulfooxymethylethyl)benzyl]-4-chloro-3-ethyl-1-mcthylpyrazole-5-
  carboxamide

N-[4-(1-)･Icthyl-1-sulfooxymcthylethyl)benzyl]-3-accty]-4-chLoro-1-methylpyrazole-5-
  carboxamide

[Tebufenpyrad]
[CO"M][OH-M]

[M-OH]

[20HmM]
[OH-M-OH]

[CO-M-OH]

[DM-M]
[M-CA][2CA.M]

[OH.M.CA]

[CO.M-CA]/
[PCA][PAM][OH-PAMI

[CO-PAMI
[DM-PCA]
["f-ososH],

ICO-M-OSO,H]

series  of  authentic  standards  were  supplied  by
Mitsubishi Kasei  Corporation  (Tokyo, Japan>.
Thc  chemical  names  and  abbreviations  used  in
this studv  are  shos-'n  in Table 1.        v

2, TestFish

  Carp  (Cliprinus cazPio)  were  obtained  from

a  fish farm (Sankyo Suisan, Tokyo, Japan) and

acclimated  in dechlorinated-tap water  main-

tained  at  24-26DC  for several  months.  The
fish weighed  between 13 and  24g, and  were

fed a  dry commercial  pelleted food daily of  an

amount  equivalent  to 19/6 of  body  weight  dur-
ing the experiment.  No  mertalities  er  abnor-

malities  in appearance  or  behavior  in the  fish

were  observed  during the acclimation  and  test

period.

3. TestSJy,stem

  The  study  was  carried  out  under  the con-

tinuous-flow through  system,  The  system

consisted  of  a  50-l-glass tank, twe  types of

pumps  for supply,  ing the dilution water  (de-
chlorinated-tap  water)  and  stock  solution  (500

pag 
L`C-tebufenpyradll

 water  with  O.02%

acetone),  The  stock  solution  was  delivered at

a  rate  of  2,41/day and  continuously  mixed

with  dilution water  supplied  at  a  rate  of  1000

li'day, and  then  delivered to the tank  at  a

renewal  rate  uf  22 times  per day. The  nominal

concentration  of  
i'C-tebufenpyrad

 in water

during  the  exposure  period was  1.2 pagfl (1/60
of  the 96-hr LCso value  of  O.073 mg/l  to carp).

i'C-Tebufenpyrad
 was  not  degraded  in the

stock  solution  and  test water  prior to the in-

troduetion ef  carp.  The  hydrolysis study

showed  that  tebufenpyrad  was  stable  in water

under  the conditions  of  pH  5-9  at  25-37eC for

28 days, The  temperature,  dissolved oxy･gen

and  pH  of  the test water  throughout  the study

were  25.0-25.90C, 5.7-7,8 mg/l  and  7.3-7.8, re-
spectively,

  The  uptake  study  was  started  by  transfer-

ring  47 carp  into the tank. After 28 days of

the exposure  peried, 15 fish were  transferred

jnto the tank  supplied  with  only  
i`C-free

 water

to start  the 14 davs  excretion  studv.                t' v'
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4. SamPling  and  Analysis
  Te  determine the concentrations  of  

i`C-

tebufenpyrad  equivalents  (!`C radioactivity)  in

water,  5 ml  of  water  sample  was  collected  in a

scintillation  vial  twice a  week  and  then  10 ml

of  emulsifier  scintillator  ACS-2  (Amersham,
U,K.) -ras  aclded  for radioanalysis  with  a  Tri-

carb  2200CA  liquid scintillation  spectrometer

(Packard, U,S.A.), On  days O.17, !, 3, 7, 14

and  28 of  exposure  and  on  days 1, 3, 7 and  14

of  depuration, each  two' fish was  sampled  and

homogenized. A  portion (O,5 g) oi  thc homog-
enized  fish sample  was  air-dried  and  com-

busted  b}r a  Tri-carb 306 oxidizer  (Packard) to

measure  radioactivity  by  liquid scintiltation

counting  (LSC). The  remaining  homogenized
samples  were  extracted  three times with  an

equal  volume  of  methanol.  The  solvent  layers

were  combined  and  evaporated  to dryness at

400C  to analvze  the metabolites  bv  HPLC            J v
under  the condition  A  described later.

  On  day  28 of  exposure  and  on  day  7 of

depuratien, each  three fish was  collected  to

determine the i`C-residue  levels in tissues.

Biood  was  collected  from caudal  sinus  of  each

fish, Bile was  collected  by  gall bladder

puncture. Then,  the fish were  di$sected into

hepatopancreas,  kidney, spleen,  gastromtestin-
al tract including contents  (GI tract), heart,

gill, muscle,  skin  with  scale,  eye,  air  bladder,

brain and  residual  carcass.  Each  sample  was

combusted  bv  the oxidizer  and  radieactivity

was  measurea  by LSC. The  mean  value  of

combustion  eMciency  was  98.6±, 3.59,S.

  In addition,  15 fish were  collected  on  day 28
of  exposure  to characterize  the metabolites  in

the bile, hepatopancreas or  GI  tract. The

hepatopancreas and  GI  tract were  collected

from five fish and  then  extracted  three times

with  20ml  of  methanol.  The  solvent  lavers
were  combined  and  evaporated  to drynesg at

40CC  for HPLC  analvsis  under  the  condition  A.

Each  extracted  tissile was  air-dried  and  com-

busted  bv  the exidizer  to measure  radioactivitv

by LSC. The  bile was  sampled  by gall bladder

puncture from  15 fish and  diluted to  10ml

with  methanol,  A  two-ml  aliquot  of  bi]e-

methanol  solution  was  dried under  nitrogen  for

HPLC  analvsis  under  the conditions  A  and  B.

The remairfing  8ml  solution  was  dried under

nitrogen,  reconstituted  in 5 ml  of  water  and

extracted  with  5 ml  of  ethvl  ether.  A  one-ml

aliquot  of  water  layer was-  dried under  nitro-

gen, redissolved  in water  and  then incubated

with  5-glucuronidase (5000 units)  from bovine

liver (Sigrna Type  B-1, U.S.A,) in O.2 }I acetate

buffer (pH 5,O). After incubation at  370C for

4hr, the incubation mixture  solutions  were

extracted  once  with  an  equal  volume  of  ethyl

ether.  Both  the water  and  ethyl  ether  layers

were  dried under  nitrogen  for HPI.C  analysis

under  the conditions  A  and  B.

  Each  concentrated  extract  of  the whele  fish,

hepatopancreas,  GI  tract and  bile was  dis-

solved  in 200pt･1 of  methanol  containing  19

authentic  standards  for HPLC  co-chromatog-

raph>i,  The  radioactivity  in the  extracts  was

measured  before HPLC  analvsis  to calculate

the recoverv  of  radioactivity.

5. HPLC
  HPLC  was  carried  out  with  a  Hitachi 6000

Series liquid chromatograph  (Hitachi, Tokyo,

Japan) under  the  following two conditions  : con-

dition A; column,  Senshu Pak  C6Hs-1250N

(Senshu Science, Tokyo, Japan); flo"r rate,  1.2

ml/min;  mobile  phase (gradient system),  O.1%

trifluoroacetic acid  (Tl;A)i'150/6 acetonitrile

(CH3CN)/water(H20) -50  min  
->O.

 1 9,･6 TFA/40  9f.
CHsCN/H20-20  min-O.1  

0,･6
 TFAt609iS CH3CNf

H20--,5min-O.l9ib' TFAflOO%  CH3CN;condi-

tion B; column,  Inertsil ODS  (Gasukuro Kogyo,

Tokyo, Japan); fiow rate,  1.2m/min;  mobile

phase (gradient system),  O.10/6 TFA125%

CH3CN  I'H20-25  min-O,1  %  TFA!30  ?,,6 CHsCNI

H20-25  min->O.1%  TFA/100%  CH3CN.

  Radioactive peaks were  detected by  a

RAMONA  5LS  radiodetector  with  a  solid

scintillator  <Raytest, U.S.A.>. The  authentic

standards  used  for co-chromatography  vvrere

detected  with  an  UV  detector at  254nm

<Table 2), Integration to  quantify the radio-

activity  of  selected'peaks  was  done -'ith  a

PRO-3000  data processer (Daewoo, Korea),

                RESULTS

1. "C-Levels  in TVater and  Filsh

  The  mean  concentration  of  
i'C-tebufenpyrad

equivalents  in water  during the expesure

period  was  1.18 pag/l with  the standard  devia-
                                  -
tion of  O,15. The  measured  concentration  was

very  close  to an  expected  nominal  concentra-
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Table2  Rcpresentative  HPLC  retention  times

for authentic  standards.
1o4

Retention  time  (min)
Compound HPLC  conditions

A B

OH-PAM

CO-PAM

DM-PCA

PAMPCACO-M-OSOsH

OH-M-OH

OH-M-CA

M.OH.CA[)
M-OSOsH

CO-M-OH
CO-M-CA

M-OHM-CAOH-M2CA.M20H-MDAI-rvICO-MTebufenpyrad

 4,9
 8.910.614.020.525,O25.827,431,631.637,639.245.846.849.ob)49.ob)49,858.461.066,O

 S,2
 5,4

 7.910,219.321.017.920.125,O31.733,434.2S7.6c)37.6c)39,7b)39,7b)40.043,444,347.6

a)
 Not  an  authentic  standard  but  a inctabolite  in

  rat  identificd by GC-MS  and  NMR  analyses.6)

b)
 Two  pcaks  completely  oN,erlapped  under  eithcr

  HPLC  condition.
e)

 Two  peaks  completely  overlapped  under  HPLC
  condttion  B.

tion of  I.2 u･gfl.
  The  concentrations  of  i'C  in whole  fish are

shown  in Fig. 1. The  
i`C-levels

 in carp  in-
creased  rapidly  during  the first 3 days  and  then
slowlv  from 3 to 7 davs, The  bioconcentra-
tion iactors (BCFs) of  

ric  in whole  fish reached
a  steady-state  plateau within  7 days and  its
maximum  BCF  value  was  864. During the
depuration period, 

'`C
 was  rapidly  excreted

from carp.  More  than  66, 86, 98 and  99%  of

t`C
 in whole  fish were  excreted  within  1, 3, 7

and  14 days, respective]y.  The  biological lialf-
life in carp  was  calculated  to be  O.5 day  by  the
least square  method  when  the logarithm of

the 
"C

 in whole  fish was  plotted against  time.

2  
i'C-Tisstte

 Distribution

  The  
"C-leve]s

 in tissues  sampled  on  day 28
of  exposure  and  on  day  7 of  depuration  are

.As..a.
 Io3g

-en･

S lo2'glg8

 ioi
o

  1oO
     O 7 14 21 28 35 42

                Time  (Days)

I;ig. 1 Concentrations  of  iiC-tebufenpyrad  equiv-

alents  in carp  during  28 days  of exposure  and

14 days of  depuration.

shown  in Table 3. Raclioactivitv was  widelv

distributed in tissues, with  the highest concen-

tration found in the gall bladder  bile (95,600±
25,50eng/g), followed by GI  tract including
contents  (2680± 552  ng!g)  and  hepatopancreas

(1110± 455ngXg).  Most  of  the  
i`C

 were

mainly  distributed into the  tissues related  to
the metabolism  and  excretion,  XVithin 7 days
of  the depuration, more  than  939'. of  the i`C

were  eliminated  from  all  tissues,

3. Biliaip., Jfetabolites

  More  than  970xS of  the 
t'C

 in bile were  parti-
tioned in water  and  1.89,h' in eth}Jl ether,  in-
dicating that most  of  the biliarv metabolites

were  polar compounds.  After fi-glucuronidase
treatment oi  the water  extract,  21.0 and

76,3%  of  the i`C
 in bile were  partitioned

into the water  and  ether  layers, respectively.

It appears  that at  least 76e,･6 of  the 
t`C

 in bile
are  the P-glucuronic acid  conjugates.  Re-
presentative HPLC  radiochromatograms  (eon-
dition A> for bile are  shewn  in Fig. 2, together
with  those of  the water  and  ether  lavers after                                v

enzymatic  treatment, At least 14 peaks  were

found  in bile, five of  which  had retention  times
identical to OH-M-OH,  OH-M-CA,  M-OH-CA

NII-Electronic  
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Table3  Concentrations

tebufenpyrad  (1.18pagll)ofandradioactivity
 in carp

7 days  of  depuration.tissues

 after  28  days  of exposure  to 
i4C-

28  days  of  exposure 7 days  of  depuration

Tissue Concentratiolla}
  Cng eq･ig)

Concentration")
  {ng eq･Jb")

Residual  rateb)

     (%)

GillBloodHcartHepatopancreas

KidncySpleenGall

 bladder bile

GI tractd)

BrainMuscleSkin

 with  scale

EyeAir
 bladder

Residual  carcass

  291+357

   15± 3
  l34+36

 1110+455

  250+106

  109+18

95,600 ± 25,500

 2680+552
   58 ± 2
   65+50

  ll2+64

   36± 7

  271+188

   124+52

 2± 1O.3+O.6

 .NDe)

 16.8

 G± 1

  7± 7448+373

 30+22

  1± 2

 NDL･)O,S+O,6

  1.0
  3± 6

  2± 2

o2o126ol1oo211,7.o

.4,4,4.5.1,7

.3.8.1.6

11)b)c)d)Thc  mcan  values  +stanaard  deviations  of three  fish, expressed  as

O/6 of  i4C  resiclues  relative  to the  tissue  concentrations  at  28 days of  exposurc.

Not detectable (<O. 5 ng  eqlg).

Gastrointestinal tract  with  Lts contents.

L4C-tebufcnpyrad  equivalents.

and  M-OS03H,  M-OH  and  "I-CA, wliile  tebu-
feripyrad was  not  detected in bilc, Following
                                      i
treatment  with  fi-glucuronidase, two  ma]or

peaks [peaks 
'`c''

 and  
``d''

 (Fig, 2-i and  
-i')1

detected in bile were  shifted  to AI-CiX (peak
``e'])

 and  M-OH  (peak 
``li'')

 peaks (Fig. 2-ii

and  -iii), respectively,  Thus, the former 
t`c.]'

seemed  to be an  cster  glucuronide of  M-CA

(M-CA-glu) and  the later 
[`d''

 an  ether  glucu-
ronide  of  M-OH  (M-O-glu), These shifts

-rere  also  observed  bv  a  two-dimensi(mal  TI.C

co-chromatography  (ls.t solvent,  chloroionn,i

acetonitrile  =3!1;  2nd solvent,  ethyl  cther/･n-

hexane=4fl>. The  radioactivity  on  the TLC

plate "ras  measured  by  I.SC aiter  scraping  tl]e

radioactive  or  UV  detectable area,  and  the

percentages  of  M-OH  and  M-CA  were  same  as

those  of  HPLC  analvsis.

  The percentages  

"of
 biliary metabolites  de-

termined by  two  HPLC  conditions  are  shown

in Table 4J Each  conjugated  rnetabolite  was

quantified by subtracting  the amount  of  in-

dividual free metabolite  in bile from  the sum

amount  of  the correspending  free metabolite

in the water  and  ethvl  ether  extracts  aiter  the

enzvme  treatment. The  result  of  HPLC  con-   "

dition A  closely  agreed  with  that oi  condition

B. Hl'LC  analvsis  sho"red  that 10 metab-

olites  were  present in bile, accounting  for

more  than  900/. of  the i`C
 in bi!e, And  84%

of  the 
i`C

 were  fi-glucuronic acid  conjugates.

Of these metabolites,  M-CA-glu  and  M-O-glu

amounted  to 47 and  249s.', respectively,  In

additien,  the sulphate  conjugate  of  M-OH

rM-OS03Hl  amounted  to 6.5 (condition A)-

8,O?,･6 (condition B). Under  HI'LC  condition

A, M-･OS03H  peak  overlapped  with  that of

)'I-OH-CA, N-..4-(1-carbox}i-1-hydroxymethyl-
ethyl)  benzyll - 4 

-
 ch  loro - 3 - ethyl  

-
 1 - inethy]py･  

-

razole-5-carboxamide,  found in rat.e)  Under

HPI.C  conditien  B, M-OS03H  peak  overlapped

with  those ef  both  JNI-O-glu and  M-CA-glu.

However,  it was  possible to distinguish M-

OSOsH  from these three metabolites  because it

was  not  extracted  bv  ether  and  not  easily

hydrolyzed  by  enzymatic  treatment  with  6-
glucuronidase. M-OH-C･A  was  identified by

HPLC  co-chromatography  with  a  M-OH-CA

which  has been identified in rat  by GC-MS  and

NMR  analvses.6)  Thus,  the major  unknown

metabolite  in bile could  be the  ether  or  ester

glucuronide of  M-OH-CA  (8,7% in condition
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1.2e,sO.4o
Table4  Relative  amounts  of

fied in carp  bilea] {expressed
the 

`'C
 in bile).

metabolitcs  identi-

as percentages of

2.elxioo

1,e

BileCExpended
 x5)

     i'

MetaboliteHPLC
 conditions

A B

-ne"pt's･--8.9ecr

 o6.04.02,eo

6.04.02,Oo

b

.Lnd,

 c

 ,J

Free

''-siuiph5tc

OH-M-OH

OH-M-CA

)l-OHM-CA

<o
 o<o

 o

1ss150}ooo128872b)

xlDO

  ge']lb

h

c + B-gru .
 (Ether)ii

xtO
b

+B"-glu"("nter)

e ''"1

gax,
hN

o10203040506o7e

Gtucuronides

M-OSOsH

OH-M-OH-glu

OH-M-CA-glu

M-CA-glu

M-O-glu

M-OH-CA-glud)

63

 146248

5 B.O

53107l7oIJ795429c)o

Total 84,183.8

               Time (min.)

Fig, 2 HPLC  chromatos.rams  for biliarv metab-
ol{tcs  analvzed  undcr  condition  A,

Bile (i and  i') "'ithout  fi-.ulucuronidase treatnient,
ether  (ii) and  -'ater  (iii} extracts  with  fi-glucuro-
nidase  treatment.  a:  OH-M-CA,  b: M-OH-CA

and  M-OS03H,  c:  M-CA-glu,  d: M-O-glu,  e:  M-
CA,  f: tebufenpyrad,  g: OH-M-OH,  h: M-OH.

Other  unknowns 8.66.5

TotaL  
i`C

 in bile (9･6> 1001OO

")  The  bile -'as  collec{c'd  irom ls carp  and  c61'i{r-

  bined  before  analysis.
L]

 T"'o  peaks cornpletelyoN.erlapped  under  HPLC

  co]dition  A.
")

 Estimated  as  sum  of  M-OH  and  M-CA  after  P-
  glucuronidase treatment,  subtracting  the  free

  metabolites  in bile.
d)

 Identified  by  HPLC  co-chromatography  v'ith

  a  M-OH-CA  in rat,e)  after  enzvmatic  treat-

  lnent.

A, 9.0%  in condition  B). As minor  metab-

olites,  the  glucuronides of  the OH-M-OH  and

OH-M-CA  seemed  to be present in biie.

4. Jfetabolites in HopatoPancreas and  GI  Tract

  More  than  999,6 of  the 
i`C

 in beth  tissue
samples  were  extracted.  The  percentages of

metabolites  in hepatepancreas  and  GI  tract
characterized  bv  HPLC  under  condition  A  are

shown  in Table  5. In both chromatograms  of

hepatopancreas  and  GI  tract, at  least 20 peaks
were  found, five of  which  had  retention  times
iclentical to OH-M-OH,  OH-M-CA,  M-OS03H,
M-OH  and  M-CA,  Tebufenpyrad was  detected
in a  trace amount  <O.59,6) in hepatopancreas,
while  not  in GI tract. M-OH  and  M-CA
amounted  to l.4 and  2,9%  of  the 

i'C
 in hepato-

pancreas, ancl  2.5 and  8.9e,･b' in GI  tract, re-

spective]y.  Twe  major  metabo]ites,  M-CA-glu
and  M-O-glu  found in bile, were  also  present

Table5  Relative  amounts  of  metabolites  in

hepatopancreas  and  GI  tracta)  analyzed  by  HPLC
under  condition  A  (expressed as  percentages  of

thc  
i4C

 in each  tissue).

rvIetabolite Hepatopancreas  GItract

OH-M-OH  l.2

OH-M-C,X  O.4
M-OH  1,4

M-CA  2.9

M-OSOsHandtorM-OH-CA  27.1
M-CA-glu  42.1

M-O-glu  11,4
Tebufenpyrad  O.5

Others  12,2

Uncxtracted  <1

Total  ]OO

a)  The  tissues  zvere  collected  from

  combined  before analysis,

ND:  not  detectable.

 1.4

 1.4
 2,5

 8.924.628.4l2,4ND19,5<11OO
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Table  6 Bloconcentration  factors (BCFs) of  total

"C
 and  tebufenpyrad,

Uptake  Conc,in
 time  watera)  

-
 

･

 (day) (ng eq,/ml)  Total  
i4C

 Tebufenpyrad

  1 1.06 299, 433 5,7, 3,9

  3 1.16  452, 855  14 , 8.6

  7 1,19  864, 722 29  , 10

  1`L l,18  666, 614  7.3, 17

  28  1.18 586, 551 11 , 6,6

 a)  Mean  
concentratl'on

 of  i'ic-tEEJiTen5yrad  equiv-

   alents  in water  {ng eq,trn1)  during  the  ex-

   posure  period  of  day  O and  days N  (N=uptake

   time), Cw.
 b) Data  from  two  carp.  BCFs  calculated  by  the

   follewing equation.

       Concentrations  of i4C-tebufenpyrad

 BcFs,., 
equivalent&lli(;:kh:::,f::lh)

 S/ls' 
eq･ts')

BCFsb)  based on

Amxtiom[vco"asL"=ano[oo

lo2

1el

  1oO
      O 7 14 21 28

                Time  (Days)

Fig. 3 Concentrations  of  
tiC-tebufenpyrad

 and

{ts metabolites  in carp  during  28 days  of  exposure

{analyzed by  HPLC  under  conditien  A).

in both tissues, amounting  to 42  and  119/.' in

hepatopancreas, and  28 and  l29t/, in GI tract,

respectively,  In addition,  an  everlapped  peak
with  M-OH-CA  and  M-OSOsH  was  found,

arnounting  to 27%  in hepatopancreas and  259,6

in GI tract.

5, Dfetabolites in V}'hole Filsh

  More  than  91%' of  the 
i`C

 in carp  were  ex-

tracted except  for one  fish (780,,S) sampled  on

day 1 of  exposure.  The  time  course  changes

of  concentrations  of  tebufenpyrad  and  its

rnetabolites  in carp  during  28 days exposure

period are  shown  in Fig. 3, The concentra-

tions of  tebufenpyrad and  its metabolites

rapidly  increased in whole  fish during the first

3 days and  reached  a  steady-state  plateau
within  7 clays. Based  on  these  data, BCF  of

tebufenpyrad  was  calculated  (Table 6) with

the maximum  value  29.

               DISCUSSION

  Most  of  the "C  in fish were  mainlv  distribut-

ed  into the tissues related  to the ihetabolism

ancl  excretion,  such  as  bile, GI  tract with  con-

tents  and  hepatopancreas, Similar distribu-

tion patterns were  observed  in the  whole-body

autoradiograms  of  the exposed  fisli (results not

shown).  The  high  concentration  of  
i`C

 in

bile was  consistent  with  its role  in excretion.

"rhen carp  were  subsequently  transferred to

fresh water,  more  than  66, 86, 98 and  999,6 of

total t`C  in carp  were  eliminated  within  1, 3, 7

and  14 days, respectively.  And  more  than

939,. of '`C
 were  excreted  frem  all tissues

within  7 davs  ef  the depuration. These results

indicate that  tebufenpyrad  is actively  metab-

olized  to polar metabolites  in carp  and  the

latter are  rapidly  eliminated  from them,  main-

lv via  bile,

  Proposed metabolic  pathways of  tebufen-

p.vrad in carp  are  shown  in Fig. 4, The  major

metabolic  reactions  were  hydrexylation  <)'I-
OH)  on  the tert-butyl moiety,  followed by

exidation  to the carboxyl  group O'I-CA), and

their  6-glucuronic acid  conjugation  Ol-O-glu
and  M-CA-glu). Sulphate conjugation  of M-

OH  (M-OS03H), hydroxylation on  the tert-

butyl moiety  of  M-CA  (M-OH-CA) and  its fi-
glucuronic acid  conjugation  (M-OH-CA-glu)
were  also  proposed. The free precursors of  all

these  conjugates  were  also  found in rat.S}  The

metabolites  cleaved  at  the amide  or  benzyl-

methvlene  carbon-nitrogen  bond  of  tebufen-

pyrad, such  as  PCA,  PAM,  OH-PAM,  CO-
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1;ig. 4 Proposed  metabolic  pathways  for tcbufenpyrad  in carp.
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         [OH-M-CA]

PAM  and  DM-PCA,  were  not  found in carp

when  analyzed  bvv HPLC  co-chroniategraphy

with  authentic  standards  of  the pyrazole
moiety.  Even  if all of  the  unidentified  metab-

olites  in bile were  the cleaved  metabolites,

the amounts  were  less than  10%.

  The  amounts  of  M-OH  and  M-CA,  as  free

precursors to the glucuronic acid  conjugates,

in the  GI  tract and  its content  were  higher
than  those in bile. Such  observations  suggest

the  possibility that enterohepatic  circulation

takes place in carp,  although  the occurrence

level is unknown  at  present. However, even

if these metabolites  were  reabsorbed,  thev  were

rapidly  reconjugated  and  readily  ex"creted

from carp.

  From  these results,  it seems  likelv that the
censideral)ly  lower  bioaccumulation  potential
of  tebufenpyrad  by carp,  than  predicted by  its
high  lipophilicit.y･, is due to the active  metab-

olism  and  rapid  excretien  via  bile.
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　　　　　　　　　 要 　　 　　約

　テ ブ フ ェ ン ピラ ドの コ イ に おける 吸収
・分布

・

　代謝
・
排泄

　　　　　　　　　　 斎藤穂高，平野光浩，茂 岡忠義

　テ ブ フ ェ ン ピ ラ ド 〔N −（4−tert−butylbenzyl）−4−

chloro −3−ethy1 −1−methylpyrazole −5−carboxamide 〕

の コ イ に おけ る 吸収
・
分 布

・
代謝

・排 泄 を 検 討 し た ．

14C
標識体濃度 1．2　pag／iに 設定 し た 連続流水式 の 飼育水

中 で コ イ を 28 口 間暴露後 ， 引き続 き清水中で 14 日間 の

排潅 試験 を行な っ た ．全
14C

の 生物濃縮係数 は 暴露 7 日

聞 で 平 衡 に 達 し，最大 で 864 倍 で あ っ た が ， テ ブ フ ェ

ン ピ ラ ドの そ れ は 最大 で も 29 倍 で あ っ た．全
14C

は 主

に 胆嚢 ， 胃腸管， お よ び肝膵臓 に 分布 した ．胆汁中 に は

テ ブ フ ェ ン ピ ラ ド は 検出 さ れ ず ，84％ が β
一グ ル ク ロ

ニ ダ ーぜ 処 理 後 ， 加 水 分解 を受 け た．主 要代謝反応 は

tert一ブ チ ル 基 の 水酸化， それ を経 由 した カ ル ボ キ シ ル 基

へ の 酸化お よび そ れ らの β一グル ク ロ ン 酸 抱 合化 で あ っ

た ．全
14C

の 排泄 は 速 く 7 日 N に は 98％ 以 上 が 魚体 か

ら排泄 され た．以 上 の 結果 か ら，テ ブ フ ェ ン ピ ラ ドは コ

イ体内で 活発 に 代謝を受け ， 主 に胆汁を経 て 速や か に 体

外へ 排泄され る と 推察 した。
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