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  Molecularferrnula: Ci2HifiO,S

  Appearance: Brown  vis.cous  liquid which

may  solidify･  at room  temperature

  Boiling point: 239-2420C (atomospheric
pressure)
  Vapourpressure: 1.4× 10-3(200C)

  Solubility <25:C): NVater 0.261 g,rl. Soluble

   DESCRIPTION  OF  THE  TEST  CHEMICAL

  Benfuresate is the active  ingredient of  cor-

responding  commercialiy  available  herbicide
iormulation. It has been svnthesized  bv
Sehering AG  in 1970s during, and  found that
the compound  shows  excellent  herbicidal ac-

tivities to Cyperaceae weeds,  such  as  C.1,Perus
rotundas  and  O'Per･us escttlentus.  In Japan,
this compound  has been investigated since

1987 for the herbicidal activities,  and  it is
registered  to control  Eleocharis kitrogttwa'i in

padcly field which  is diMcult to control  with

existing  herbicides.

  To  provide an  adequate  data basis for an

evaluation  of  health risks  for users  of  crop

protection agents  containing  benfuresate and

for an  assessment  of  the  health risk  for con-

sumers  of  treated  iood products, numerous

toxicolegical studies  with  the technical prod-
uct  and  29/6 granular formulation  were  con-

ducted.

  Tl]e chemical  structure  and  physico-chemical

properties of  benfuresate are  given below.

  Common  name:  Benfuresate  (BSIIISO>
  Chemical  name:  2,3-Dihydro-3,3-dimethy･I-
benzofuran-5-yl ethanesulfonate  (IUPAC)
  Structural formula:

        
cH3eH2so2o

 i 
...:
 

CHgH3

                    Z

in methanol,  acetone,  dichloromcthane, toluene
and  ethvl  acetate

  Partition coeMcient  (log P..): 2,41

  Stability: Stable for 31 days under  pH  5, 7
ancl  9 in 250C and  370C
  Photolvsis: Half-life time  is about  7 davs        J .'
for aqueous  solution

        ACUTE  TOXICITY  STUDIES

  The  results  of  acute  toxicity studies  are

summarized  in Table 1.

J. Acute Oral and  I)ermat 1'oxicitir St"dl,
                            J il

  On  eral  administration,  benfuresate tech-

nical  material  and  29,6 granule formulation  is

unlikeiy  to indicate particuiar toxic signs  in

rats  and  mice.

  No  harmful  skin  reactions  nor  toxic signs  by
dermal toxicity studv  with  either  technical or

formulation  were  ebserved.

2. Ac･ttte Inhalatton 1'oxilcit･v Stttdx'

  One  group of  ten rats  (five males  and  five

females) of  the Crl: CD<SD)BR  strain  was

exposed  to technical bcnfuresate at  a  single

chamber  concentration  of  5,343mglZ  by  in-
halation <head-onl.v･) over  a  period ef tlr

 hr.

The  corresponding  nominal  concentration  was

6.455mg/l.  A  group  of  ten rats  (five males

and  five females) was  similarly  exposed  to

filtered air  as  a control.  Exposure was  fo]-

lowed  by  an  observatien  period of  14 days.

  The  exposure  chamber  temperature  recorded

for both the control  and  treated groups  was

190C, and  the chamber  re]ative  humidity, was

in the range  26 to 589,･6. The  ehamber  air

fiow rates  were  20,O and  14.21/min for the
control  and  treated greup. The  mean  mass

niedian  aerodynaniic  cliaineter  of  the  particles
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Table  1Acutc  toxicity  test.

Route Spec.]es
 . .-..

LDso  (nigtkg)

Oral

Dermal

Ratu))vlousei'}

i{a{;''"

M･F>4000

M.F>5000

Tcchnicul
lr ･ F >sooo

Inhalation

Ora]

Ratd･/(4 hr. I.C,,)

IRate/･Mousef)'

M)･I)･r･ F  >5.  343 (mgll)

            For,mu]ation

            (2% granulel
            Code: NS  112
                             Dermal

            
a-e･)

 AgrEvo  UK  Ltd., 1991.

              
d)

 Hazlcton  UK,  1990.

            
e'g)

 Huntingdon  Research  Ccntre, 1992.

            M:  malc,  F: female.

in the atmosphere  was  1.73 lem.
  There  were  no  deaths during the course  of

the study,  Treatment-related clinical  signs

occurring  during the day  of  exposure  included

piloerection, salivation,  nasal  secretion  and

coldness  to touch. Clinical signs  dicl not

persist beyond  the day  of  exposure.  There
-'ere  no  treatment  related  effects  on  bodv
weight  or  absolute  and  relative  ]ung weights

and  no  evidence  of  specific  target  organ

toxicitv.

           IRRITATION  STUDIES

1. Primail>, Dermal Irritation Stutly on  Rabbits

  A  skin  irritation potential of  technical
benfuresate "ras  evaluated  according  to OECD

guideline 404  for the testing of chemicals,  and

a skin  irritation of  29,'. granule was  assessed

according  to the Japanese testing guideline for

primary  dermal  irritation.

  O.5 ml  of  technical benfuresate or  O.5 g of

20/, granule were  applied  under  a  2.5cm

square  gauze pad te  the  intact skin  of a  shaved

area,  Each  treatment  site  was  covered  with
``Elastoplast''

 elastic adhesive  dressing for a

four period.
  The  skin  was  grossly examined  30 to 60

min  after  the exposure  period and  them  daily
for 3 days on  technica] beniuresate and  for 4

days on  2%  granule.

  No  signs  of  irritanc>' were  observed  follow-

ing a  single-semi-occlusive  application  of

technical benfuresate or  296 granule to intact
rabbit  skin  for 4 hr.

.F>5000

.1 -F->. 
sooo-

 -
Ratg) )･I . F  >2000

(Technical: Schering Agrochemicals  Ltd., 199e)

(Granule: Huntingclon  Research  Centre, 1992}

2, PrimarLv Elye Irr-itation Stttc(y' on  Rabb･its

  Evaluation of  eye  irritation properties of

technical benfuresate and  29,6 granule was

made  according  to OECI)  guidelines for the
testing of  eye  irritancy. O.1 ml  of  technical
benfuresate and  approximately  100 mg  of  29,o'

granule, the weight  occupying  a  volume  of

O.1 ml  were  placed into the lower lid of  one

eve  of  each  animal.  The  evelids  were  then

g'e'ntly held together for or{e  second  before
rcleasing.  The  contralateral  eye  remained  un-

treated and  served  as  a  contro],  The  e>ies

were  grossly cxamined  1hr  after  the  exposure

period and  then  1, 2, 3 and  4 days after  in-

stillation  for technical benfuresate and  7 davs
was  included for20,'.' granule, 

"

  There were  no  signs  of  irritation seen  in any
animal.

(Technical: Schering Agrochemicals Ltd,, 1990)

(Granule: Huntingdon Research Centre, !992)

S. Dermae  Sens･itigation St"d-x.J on  G2ti･nea Pigs

  The  potential of  technical  benfuresate and

the  2%  granule to induce delayed contact

hypersensitivity were  evaluated  according  to

the  Buehler  test,

  Induction comprised  topical  occlusive  ex-

posure ef  10 female albino  guinea pigs of

DunkintHartlev  strain  to uncliluted  ben-
furesatE and  s"u' spension  of  709s "',tw  of  2P,6

bcrranule  in distilled xvater  for 6 hr, once  per

NII-Electronic  
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scopic  effects  seen  in thc kidneys oi 4/10
males  included swclling,  paleness and  irregular

shape  and  size.  Effects seen  in the liver ef

li'10 maies  included depressed lobes, Treat-
ment  at  18,OOOppm  also  caused  papillary
necrosis,  tubular  degeneration and  luminal
dilatation of  the  proximal  tubules in the

kidneys of  4110 malcs  and  1/10 females.

  At 9000ppm,  there  were  two  deaths in
males.  Reduced  body  weight  gain and  in-
creased  food and  water  consumption,  as  well

as  microscopic  kidney changcs  in 1,ilO female.q.,
were  similar  to those seen  at  18,OOO ppm,  A
reduction  in the  incidence of  fat depo$ition in

hepatocytes of  females was  also  noted,

  At  3000  ppm,  reduced  body  weight  gain, in-
creased  food consumption  and  reduccd  fat

deposition in hepatocytes  of females were

similar  to those seen  at  9000 ppm.
  No  treatment-related effects  were  seen  at

1000 ppm.  On  the basis of  results  obtained,  it

was  concluded  that the no  effect  levei (NOEL)
was  1000  ppm,  equivalent  to a  daily jntake of

236 mgt`kg.

          CSchering Agrochemicals I.td., 1991)

3, 1)og 90-Daix' Rc\)eut Dose  Stud.1･' b.v Gavage

  Groups  of  4 male  and  4 female beagle dogs
were  dosed daily by  gavage at O, 10, 100 and

1000mg/kg  bodyweight of  technical ben-
furesate for 90 davs.

  There were  no  clinical  signs  directl.v attrib-

utable  to administratien  of  benfuresate, the

four deaths observed  during the study,  and

twe  deaths in thc highest dose group  were  con-

sidered  to be treatment and  others  being due
to misdosing.

  Bodyweight and  food consumption  were  un-

affected  bv treatment. No  treatment related

effects  were  detected bv  clinical  examinations,

ophthalmoscopy,  electrocardiography  and  lab-

oratory  investigations,

  Renal effects  at  1000mg,ikg were  charac-

terised by increased kidney weight,  changes  in

gross appearance  at  necropsy  and  1iisto-

patholegical evidence  of  papillary necrosis  and

scarring,  tubular dilation and  interstitial

iiephritis.

  Liver weight  was  increased in female dugs at
1000 mg/kg,  but this was  net  associated  with

any  histopatholegical ehange.

May  1995

week  for 3 weeks.  Ct'reated and  naive  Guinea

pigs were  challenged  14 days after  the last
induetion dose with  undiluted  benfuresate and

the suspension  of  29･3 study  granule,

  TechnicaL benfuresate and  2e,･b granule ex-

hibited no  evidence  of  dermal sensitization

potential.

(Technical: Schering Agrochemicals Ltd., 1990)

(Granule: Huntingdon Researc:h Centre, 1992)

     SUB-CHRONIC  TOXICITY  STUDIES

J. Rat 90-Da.v Dietar.v RePeat Dose  Stud"v

  Group  of  10 male  and  10 female CD(SD)  rats

were  fed diet containing  e, 20e, 500, 1250 or

3125 ppm  (equivalent to O, 14, 35, 88 and  218
mglkg/day)  of  technical  benfuresate fer 13

weeks.

  There were  no  effect  on  clinical  signs,  body
weight,  food  consumption,  water  consumption,

urinalysis,  and  haematological  parameters,
considered  to be related  to treatment  with  test
article,  Kidney  weight  relative  to  body

weight  was  increased by  10Eil･6 in ma]es  fed
3125  ppm,
  Treatment also  caused  an  increase in the  in-

cidence  and  severity  ot  hyaline droplet de-

generation and  eosinophilic  cytoplasmic  in-
clusion  bodies in the proximal tubular epi-

theliuin of the kidnevs of  male  rats.

  The  no  adverse  effect  level following sub-

chronic  dietarsT administration  ot technical
benfuresate to rat  for l3 weeks  was  1250 ppm,
equivalent  to 88.2 mg!kgi'day,

         (Schering Agrochemicals  Ltd., 1990)

2. nfoitse Dietarx' 90 Dav  Stttdv               v' . "

  Groups  of  10 male  and  10 iernale mice  were

fed diet containing  e, 1000, 3000, 9000 or

18,OOO ppm  (equivalent to O, 236, 846, 2772 or

5454  mg,ikg,iday)  of technical benfuresate for at
least 90 days. Supplementary groups  of  10
male  and  10 female  rnice  were  included at  each

dose ]evel for blood sampling  only･.

  At 18,OOO ppm,  there were  three treatment-
related  deaths  in males.  Body  weight  gain
was  reduced  b},J 9 and  7g･., and  food consump-
tion was  increased bx' 20 and  38?･6 in males  and

females, respectively.  "'ater consumption  was

alse  increased by  169,･6 in females. In males,

kidnexi weight  was  decreasec                          1 (18%) and  rela-

tive iiver weight  increased C16{l,･6}. Macro-
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  No  other  treatment  related  changes  were

detected at  necropsy  or  b}, organ  weight  an-

alysis  and  histopathological examination.

  The  no  efiiect level for daily dosing of  ben-

furesate te dogs was  100 mglkg,

         (Schering Agrochemicals Ltd., I988)

    CHReNIC  TOXICITYI'ONCOGENICITY
                STUDIES

1. C;o-mbined Dietaxv Chronic 7'oxilcitv and  On-

   cogeJticit.ii Sttt･dLv in Rat

  Groups  of 50 male  and  50 female CD  (S]))
rats  were  fed diet containing  O, 60, 600 or

6000 ppm  (equivalent to O, 3,07, 30.6 Qr  318
mg/kg/dayl  of technical benfuresate for 27
months,  In addjtion,  supplementary  groups
of  20 male  and  20 female rats  treated at  tlie
same  dietarv levels were  killed after  12

months.

  The  high dose was  selected  as  the predicted
maximum  tolerated dose  (MTD) based on

comprehensive  range  finding information.

  Treatment  at  6000ppm  resulted  in per-
sistent]y  decreased weight  gain (10-18%) and

food intake (6-89/6) in both sexes.  Food  con-

version  ernciency  was  also  impaired  (179i6> in
females at  this dose level. Bilirubin (total)
was  variab]v  reduced  in both sexes  whilst

females had  slightlv  lower absolute  lisrer and

heart weights  and  kidney, weight  relative  to

body  weight  was  elevated  by  14e/t/. Histo-

pathology showed  a  reduction  in the severity

and  incidence of  margination  of  the cytoplasm

of  hepatocytes  in females and  a  lower incidence

of  chronic  progressive nephropathy  and  epi-

thelial hyperplasia of  the foreston)ach in both
sexes.

  At  600  ppm, overall  body  weight  gain was

reduced  by  l! and  6%' in males  and  females,

respectively,  Kidney  weight  relative  to body
weight  was  increased in females by  110f6. The
only  other  finding attributable  to treatment
was  a  reductiun  in the severitv  and  incidence
of  margination  of  the cytoplasm  of  hepato-
cytes  of  females and  epithelial  hyperplasia of

the forestomach  in both sexes.
  No  treatment-related effects  were  observed

at  60 ppm･
  It was  concluded  that benfuresate was  not

oncogenic  in the rat  at  dose levels up  to 6000

ppm  Cequivalent to a  daily intake of  318 mgl

E2e  ilZnt7ff5E

kg!day>.

  Treatment  at  6000ppm  resulted  in clear

evidence  of  toxicity including a  marked  reduc-

tion  in weight  gain indicating that a  maximum

tolerated  dose was  achieved.

  The  ne-effect  level was  60 ppm  equivalent  to

3,07 mg/kglday.

         (Schering Agrochemicals Ltd., 1990)

2. AIottse Dietar.iJ Oncogen･icilt;i' Stu･dvv

  Groups of  50 male  and  50 female CDI(CR)

BR  mice  were  fed diet containing  O, 300, 3000

or  10,OOOppm  Cequivalent to O, 55, 561 or

1989mgfkg,iday)  of  technical benfuresate for

80 weeks.

  In males  dosed  at  10,OOO ppm, there was  an

earlier  enset  and  higher incidence ef  mortality.

Food  consumption  was  increased (Il%).
Terminal  bodv  weight  was  markedly  and

statistically  significantly,  lewer (14e,'6) in fe-

males  which  was  considered  to be partly due

to a  significantly  higher intake (20%') of

benfuresate than in the corresponding  males.

Renal papillar>J necrosis  was  observed  in l6150

males  and  was  considered  fatal in 13 of  these

resulting  in the  increased mortality  at  this

dose leNJel. In females renal  papillary necrosis

was  considered  fatal in 4t50 animals.  There                      '
was  also  an  increase in the  ineidence of  pyelo-
nephritis  in both sexes.  It is probable  that

there was  a  palatabilit-y problem due to the

very  high dose level in fernales, as  up  to one

third of  the apparent  food  consumption  was

scattered  on  the  cage  floor.

  In females treated  at  3000ppm,  terminal

body  weight  was  statistically  significantly

lower (119,'.' ) than  contrels  and  renal  papillary
necrosis  was  observed  in 3t50 animals.  There
wcre  no  other  effects  at  this close  level.

  At 300 ppm,  terminal bQdy  weight  was  not

statistically  significantly  different from con-

trol. There were  no  treatment-related histo-

pathological lesions detected in either  sex.

  Technical benfuresate was  not  encogenic  in
the  mouse  at  very  high dose levels up  to 10,OOO

ppm  (equivalent to a  daily intake of  1989 mg,i
kg/clay).

  Treatment at  10,OOO ppm  resulted  in clear

evidence  of  texicity  including a  reduction  in
survival  in males  and  a  reduction  in bodv

weight  (fen]ales}, renal  I)apillary necrosis  and

NII-Electronic  
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pyelonephritis in both  sexes,  indicating that a

maximum  tolerated dose was  exceeded.

  The  overall  NOEL  was  300 ppm  <equivalent
to a  dail.v intake of  55 mg/kg,iday).

          (Schering Agrochemicals Ltd., 1992)

3. Dog  12 Month  Gai,age RePeat Dose  Stud-v

  Gruups  of  4 male  and  4 female beagle dogs
were  dosed  daily for 12 months  by gavage  with

O, 4 or  40mg/kg  of  technical benfuresate.
iXnother  group of  6 male  and  6 fcmale dogs
were  desed concurrently  at  400  mg,ikg/day  sub-

sequently  reduced  te 300 mg,/kgt'day  and  then
200 mglkg  (administered twice dail.v from day
86). The  control  animals  received  on]v  19,U
methvl  cellulose  in distilled water,

  Oral administration  of  technical  benfuresate
to dogs at  dose levels c)f up  to 40  mg.  ,ikg elicited

n{.) adverse  effects.

  A  single  dose of  400 mgikg.  or  300 mg/kg
resulted  in tremors, convulsions  (with and

without  relaxation),  rapid  respiration,  saliva-

tion and  frothing at  the  mouth.  I'rostration

and  reduced  activitv  were  also  noted.  These

signs  xLrere generally seen  within  3 hr of  dosing
and  had  regressed  within  7 hr.

  Following  twice  dail.v administration  of  200
mglkg,  convulsions  were  seen  in one  male  prior
to  being sacrificed  iln ext･ren2-is  on  studv  dav

103, 0ther signs  attributed  to treatment  in-
cluded  circling  behaviour and  reduced  activity

in two animals  and  tremors  in one  animal.

These signs  were  generall.v intermittent and

most  animals  were  devoid of  treatment-related
clinical  signs  for the rest  period of  tl]e stud.v,

In females, water  consumption  was  increased
by  17-279"  en  314 occasions  and  a  reduction  in
red  cel] parameters  was  nuted  after  4, 7 and

I2 months.  Red  cell parameters  were  also

decreased  at  12 nionths  in inales.  Verv
severe  papillary necrosis  was  seen  in the

kidnev of  one  male  and  one  feinale liad chronic

pyelonephritis.
  I)aily administration  of  single  bolus doses of
either  400 or  300 mg,'kg  were  found to exceed

the maximum  tolerated dose ]eading to twice
daily administratjon  of  200  mg/kg  which  was

tolerated.  The  target  organ  was  the kidney,

  Tl]e no  ebserved  effect  level (NOEL) was  4e

mg/kg,iday.

         (Schering .Xgrochen]icals Ltd., 1992)
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     REPRODUCTIVE  AND  TERATOGENICITY

                    STUDIES

   J, Rat  MzaZtiigeneration Study
     Technical benfuresate was  administered  in

   the diet at  concentrations  of  O, 60, 600 and

   6000  ppm,
     After about  10 weeks  treatment  (maturation
   period), groups  of  30 male  and  30 female

   C.D(SD) strain  FO  generation rats  were  paired
   to procluce tbe Fl litters frem which  the Fl

   goneration was  derived.

     The selectedi  Fl generation animais  were

   treated for about  l1 weeks  and  then  paired to

   produce the  F2  litters, The  study  was  ter-

   minated  when  these offsprings  had reached

   weaning.  The  following findings were  ob-

   served  in groups dosed  at  60(} and  6000  ppm;
     ..ld･rtUs: At 6000ppm,  group  mean  body

   weight  gain of  both sexes  was  reduced  during

   the maturatien  period in both  the  liO and  1-'1

   generations, Reductions were  about  l6 and

   130,. in males  and  16 and  99'6 in females for tlie

   FO  and  Fl  generations respectively.

     During  gestation, mean  body  weight  gain
   was  reduced  by  about  10 and  149,,b in IrO and

   FI generation females respectively.

     Relative kidney  weights  of FO  adults  were

   slightly  increased. In FO  males  alone,  this

   was  associated  with  an  increased incidence of

   minimal  hyaline droplet accumulation  in the

   renal  proximal tubular epitheliurn.

     Litters: At  6000ppm,  in both  litterings,

   group mean  litter weights  and  pup  mean  body

   weights  were  significaiitly  lower than  in con-

   trols by  Day  25 Post-Partum. In the Fl-.F2

   litters, group mean  ]itter weights  were  slightly

   lower threughout  lactation, J.itter size  was

   slightly  lower than  in controls  from  birth te

   weaning  in the Fl-F2  litters.

     At  600 ppm,  group  mean  pup  body weight

   gain was  slightly  reduced  (by about  9%-) by

   Day  25P.P. in the FO.Fl  litters alone  al-

   though  group  mean  litter weights  tended  to be

   marginally  lower than  controls  in both litter-

   ings.

     The only  effect  on  reproductiun  was  a

   marginal  lowering of  litter sizc  in litters from

   the Fl generation at  6000ppm,  the highest
   dose level.
     On  the basis of  results  obtained  ne  effect
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levels were  judged to be;
  Texicity: 600ppm  (equivalent to 4,9mg/

kg!day)

  Reproduction:  60ppm  (equivalent to 50

mg/kg/day)

          (Sehering Agrocheinicals Ltd., 1992)

2. Rat Teratoto{l>i Sti･fd-v

  Dose levels of  O (control), 3, 55 or  1000 mgl
kg, in 19,b' w/v  methyl-cellulose  in distilled

water,  were  adm{nistered  once  per day by

gavage to groups of  25 time-mated  CD(SD)

strain  females fron] Dav  6 to I)ay 15 post
coitum  inclusive. On  Dav  20 the animals  were

killed, litter v･alues  were  determined and

foetuses subsequentl.y  examined  for visceral

and  skeletal  changes.  The  following findings
were  observed,

  Ai(aternal ji7idings: Treatment  with  tech-

nical  benfuresate was  associated  with  a  dose-
related  increase in transient post dosing saliva-

tion. At  1000mg/kg/day,  this sign  occurred

jn all females, generally throughout the treat-

ment  period, and  was  associated  with  wet

coat$  and,  occasionally,  brown  staining  uf  the

coat.  Smaller numbers  of  animals  at  lower

dose levels exhibited  salivation  for shorter

time  periocls.
  At 1000 mg/kg/day,  thcre  was  a  progressive
and  significant  increase in water  consumption

throughout  the treatment  period. Differences

froin control  in water  consumption  persisted to
termination  but decreased  after  the end  of

treatment.
  There  were  ne  other  conclusive  treatment-

related  responses  at  lower dose lev･els.

  Litter.lfndTlngs: Litter parameters appeared

unaffected  in all treatment  groups, a$  judged
b.v embryofoetal  sursrjval,  foetal growth and

morphologieal  development.

  On  the basis of  results  obtained,  the no

effect  level {NOEL> for maternal  parameters
was  3mgikg,idas' and  for embryofoetal  de-
velopment  was  leOO mglkg/day.

         (Huntingdon Research Centre, 1992)

3. Rabb-it 7'eratology Stttd.x'

  Dose lexrels of  O (control}, 50, 200  or  800

mg/kg,  in 19,6 carboxy.methylcellulose  in dis-
tilled water,  were  administered  once  per day
by  gavage  to groups  c)f l6 mated  fe'niales of

e2e  spnt7ftisn

Chinchilla rabbits  from Day  6 to  Day  18 post
coitum  inclusive, On  Day  28 post coitum,  the

dams  were  killed, litter values  were  deter-

mined  and  foetuses subsequently  examined  for

visceral  and  skeletal  changes.  The  following

findings were  observed.

  :laraternal  ]indings: Two  females at  200

mgx'kg  died during the dosing period, being at-

tributed to intubation error,  There were  no

mortalities,  behavioural  changes  or  necropsy･

{indings in the  mated  females considered  to be

related  to treatment  with  test article.

  At 800mg/kg, weight  gain was  slightly

retarded  during the first five days  of  dosing

and  food consumption  was  reduced  during the

first nine  davs of  dosing and  during the last

four davs of  the studv.  At  200  and  50 mglkg,

weight"gains  and  

'iood
 consumption  werc

similar  to those of  controls  throughout  the

studv,  There were  no  treatment-related dif-

ferences in the values  for water  consumption,

liver and  kidney weights  and  the reproduction

parameters-overall pregnancy rate,  incidence
of  total resorptien,  numbers  of  implantations,

pre- and  post-implantation losses and  numbers

of  live fetuses,

  Litter find-ings: I.itter parameters  were  not

affected  by･ treatment, as  judged by foetal

growth and  morphological  development.

  On  the  basis of results  obtained,  the no

effect  ievel (NOEL) for maternal  parameters
was  200 mgtkg/day  and  there was  no  evidence

of  an  embryotoxic  or  teratogenic effect  up  to

the highest dosage examined,  800 mg/kgiday.

      (Research &  Consulting Compan.v, 1988')

         MUTAGENICITY  STUDIES

I. Bacterial Reverse Jl･utattlon Assav

  The  petential of  benfuresate to  inducc

reverse  gene mutations  was  evaluated  in Ames

plate incorporation assays  employing  the

histidine auxotrophic  Salmonella t.vPhimtf･nlum
strains  TA1535, TA1537,  TA1538,  TA98  and

TAIOO  in both presence  and  absence  of an

Aroclor 1254-induced rat  liver metabolic  ac-

tivation system  {S-9), A  top  dose level of

5000 pag/plate was  chosen  and  other  dose levels

used  were  l500, 500, 150 and  50 lt,g,iplate. The
test system  was  validated  with  concurrent  posi-
tive control  using  9-aminoacridine  C9-AC), N-
etlLyl-AT'-nitro-A/-nitrosoguanidine  CENNG), 2-
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nitrofluorene and  2-aminoanthracen (2-AA).
A  number  of  revertant  colonies  did not  inc.rease
when  cultured  with  or  without  metabolic  acti-

vation  svstem  at  anv  cQncentration  of  test
article,  indicating benfuresate did not  induce

gene  mutat]on.

  The  potential of  benfuresate to induce
reverse  gene mutations  was  also  evaluated  in
the tryptophane  auxotrophic  Escherichia coltl

strain  XVP2uvrA  in both the presence and

absence  of  rat  liver metabolic  activation

system.  The  same  dose levels as  tliose in the
study  with  S. t.vPhimttritt-m was  used,  and  the
test svstem  was  validated  with  concurrent

positive control  using  ENNG  and  2-AA. No
mutagenic  effect  was  observed.

         (Huntingdon Research  Centre, 1991>

2. J･Iammalian qytogenetilcs
  The potential of  benfuresate to induce
chromosomal  aberrations  in human  lvni-

phocytes  cultured  
･in

 vitro,

  Concentrations  of  technical }]enfuresate dis-
solved  in ethanol,  used  for metaphase  analvsis

were  15, 75 and  150 A･g/ml in the absence  of

S-9 and  75, 375 and  750  psglml in the presence
of  S-9. No  signifieant  increase in the  number

of  aberrant  eells  was  observed  in treated

groups compared  with  thc solvent  control.

Both positive contrel  compounds,  ethy]-

methane  sulphonate  for the absence  of  S-9 and

c.yclophosp])amide  for the  presenco  of  S-9
caused  statistically  significant  increases in the

proportion of  metaphase  spread  containing

aberration.  It is concludied  that when  tested
up  to the  limits of solubilitv  in ethanol,  ben-
furesate showed  no  evidence  of clastogenic  ac-

tivity  and  therefore no  evidence  of  mutagcnic

activity  in this i･n vitro  cytogenetic  assay,

         (Huntingdon Rcsearch Centre, 1984)

3, Bacterzlal DNA  RePair 7'est

  The potential of  benfuresate to damage  DNA
was  evaluated  in z,itre in a  bacterial recombina-

tion assay  using  Bacilltts subtillis strains  H17

(rec+) and  H45  <rec") both in the presence and

absence  of  rat  liver metabolic  activation  svs-

tem, A  top dose level of  5000ictg/p]ate, a'nd

other  dose levels, 1500, 500, l50 and  50 Itg,i
plate were  used.  Kanamyc:in  and  strepto-

mycin  as  negative  controls,  AF-2,  and  2-AA
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   as  positive controls  iverei used  tc} confirm  the

   sensitivity,  ethcac}i  and  integrit.v o[  this test

   system.  No  genetic damage  was  observed.

           (Huntingdon Research Centre, 1991>

          GENERAL  PHARMACOLOGY

   1, Efact of General Behaz,ioet.r qf Mice
     Benfuresate was  assessed  for the beliaviuural

   and  autonomic  effects  following a  single  oral

   dose  of  62,5, l25, 250, 500. 1000 or  2000 mg/kg

   to 5 male  ICR  mice  per dose  level using  modi-

   fied Irwin dose-range test. Irregular and

   slow  breathing, transitory i'ncrease  of  moter  ac-

   tivity and  slight  depression of  motor  activit.v

   were  seen  in all treated groups, and  findings of
   midriasis  were  observed  in anima]s  adminis-

   tered  250mgfkg,  Tremors in 1000, 2000

   mg/kg,  ventricumbent,  no  gripping strength

   and  sialorrheea  in 200e mg,fkg  were  seen,  One

   animal  in 2eOO mglkg  group died by  1 day

   after  dosing, and  the  additional  findings, gait
   spastic,  spasmedic  twitches, abolished  pina
   [md  light-pupil refiex,  prulonged response  time

   and  marked  hypothermia were  observed  in
   this animal.

     Findings of  hypethermia  were  seen  in

   animals  treatecl with  500, 1000 and  2eOO nig,"kg.

   The  peak  of  occurrence  of  these findings was

   about  1 to 3 hr after  dosing, and  the findings

   recovered  completely  wit}iin  1 day after

   closing,

2, E.th]ces oii Resl)irator:, cti･zd Cilrcitlator.v SLvs-
   tents

  The  effects  on  respirator.v  ancl  cjrculatorv

parameters  in 5 anaesthetised  male  rabbits

administered  intravenously at  doses of  1 and

1O mglkg  were  examined.

  Benfuresate  at  a  dose of  IO mglkg  produced
a  significant  decrease of  mean  blood pressure
and  a  significant  increase of  respiration  rate

which  was  observed  from  iinmediate after

dosing to 5 min  comparing  to solvent  control.

  In a  group at  a  dose ef  1 mgi`kg,  no  specific

finding was  recorded.

3. E.fflicts on

   Jleum

  Antagonist
acetvlcho]ine,   vwas

 assessed

SPonta･neoits Dfotitit)v of Jsolated

 actien  of  benfuresate against

 histamine  and  barium  chloride

at  concentrations  ef  3.0×  10mS to
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3.0× 10-Sg,iml with  the ileum isolated froni

Guinea pigs. Significant inhibitions were  ob-

served  on  the  contraction  induced  with  three

antagonists  at  the concentration  of  10"5 g,,iml,
comparing  to solvent  control.

4. JW'ects on  Gastro-in.testinal ProPzttsio3i

  Activated charcoal  suspension  was  given
orallv  to micc  60 min  after  oral  administra-

tion 6f benfuresate at  250, 500  and  1OOO mg/kg.

Tivcntv  niinutes  after  adniinistration  of  the

suspensiun,  the animals  were  sacrificcd  and

propulsion oi  the  charcol  to intestine deter-
mined.

  No  effect  of benfuresate was  observed  in all

treated groups, whiie  atropine  sulfate  at  20

mg,/kg  usecl  as  a  positive control  showed  sig-

nificant  inhibition of  pr{)pulsion of  activated

charcoal.

5. E.ff'ects ovt A'euro･m･uscu･lar lunction
  The  effect  uf  benfuresate on  neuromuscular

junction was  assessed  using  phrenic nerve  dia-

phragm  specimens  from male  rats.  The  change

in contraction  ef  isolated rat  diaphragni muscle

by electrieal  stimulation  of  phrenic nerve  and

muscle  was  measured  following treatment  wit]i

benfuresate at  concentrations  of  3 × 10-T to

3 ×.  1Om'` glml.
  Cempared  to  ethanol  treated animals,  ben-

furesate at  a  concentration  of  3 × 10-7' g!ml

produced significant  increase ef  contraction

indirectlv bv stimulation  of  nerve.  No  cffect

was  observed  for contraction  of  diapbragm

muscle  bv  direct stimulation.

6. Efact on  Blootl Coagttlation STystem

  The effects  of benfuresate on  blood coagula-

tion svstem  were  assessed  in 5 male  rats  ad-

ministered  b.v gavage  at  a  dose of  1000 and

2000  mg!kg.

  Benfuresate  did not  prc}duce any  effects  on

thrombin,  prothrombin  or  partially activated

thromboplastin  time  either  in 10eOmglkg  ur

in the 2000 mg/kg.

7, Itfact on  HcieinoJf,sis in iiitro

  The  pc)tential of  benfuresate to cause

haemolysis  was  assessed  by  mixing  O.02 and

O,2mg/ml  benfuresate with  blood of  rabbit,

and  measuring  the optieal  density at  54i nm,

ee2e  spnt7lli5H

No  significant  differences from tlie 1 Of6  ethanol,i

s.aline group ebserved  in both treated group
suggesting  that  benfuresate did not  cause

haemolvsis. (Nihon Schering  K.K., 1992)

                SUMMARY

  Technical })enfuresate was  of  very  low  acute

oral
 and  dermal and  low acute  inhalational

toxicitv to rodents.  Repeat  dose studies  in

the rat,  mouse  and  dog showed  the material

to be well  tolerated with  the maximallv

tolerated doses of  3I8, 561 and  400mg/kg,/
clay, respectively,  Histopathology showed  the

kidnev to be the main  target organ  in all three

species.  The  principal findings in the kidney,
found  following subchronic  exposure  in the rat

and  following subchronic/chronic  cxposure  in

the mouse  and  dog  were  papillary necrosis  and

dilatation andi'or  degeneration of  the  proximal
tubules  (and collecting  ducts in rats),  These

findings were  asseciated  with  elevated  kidney

weights  in the  rat  and  dog, pyelonephritis in

the  mouse  and  dog and  interstitial nephritis  in

the rat  and  dog,

  The  liver was  also  a  target ergan  at  dose

levels above  the MTD  in the rat  and  mouse  as

indicated bv  ssNrelling  of  the periportal hepato-
cvtes  and  centrilobular  enlargernent,  respec-

tivelv.

  Tl{ere was  no  evidence  of  oncogenicity  in the

mouse  or  rat  and  the NOEL  in the  rnost  sen-

sitive  species,  the rat,  was  3 mg/kg,i'day.

  Teclmical  benfuresate was  non-genotoxic,

non-irritant,  had no  effect  on  reproduction  or

fertilitv and  was  not  a skin  sensitiser.

  The  compound  was  rapidly  ancl  completel}'

absorbed,  Tissue residues  were  low  and  de-

clined  rapidl.v.  The  highest levels were  iound

in the kidnev  and  fat after  6 hr. Metabolism
of  the compound  in the rat  was  rapid  and  com-

plete as  was  elimination,  which  was  predomin-
antlv  via  the  urine.

  The  compound  showed  weak  pharmacologi-
cal  effects  on  the nervous  sxrstem  following
oral  administration  ancl  the circulatorv  and

respirator]'  systems,  but oniy  after  intravenous

dc}sage.
  The  acute  toxicity  of  metabolites,  process
intermediates and  formulations  of  benturesate
were  low.
  It is concluded  thereforc that under  tlie
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recommended 　 conditions 　of 　use 　both　technical
benfuresate　and 　formulations　are 　unlikely 　to

present　hazard　to　operators 　or 　the　public　who

l膿 ぎ｝
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