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Carbofuran was evaluated for an acceptable daily intake in 1978 and 1979 and a temporary

Ap] for man wes estimated to be 0-0.003 mg/kg body weight (FAO/MWHO, 1977; Fa0, 1980). The
gvailable data reflected that carbofuran is a highly toxic carbamate ester whose metabolic

ofile has been well defined., Carbofuran is a potent, reversible cholinesterase inhibitor.
Cholinesterase inhibition and acute toxic signs of poisoning are subject to rapid spontaneous
reversal and recovery. The measurement and evaluation of cholinesterase depression induced
vy carbofuran, because of the rapid reversibility, is difficult and requires substantial
oaré.

In a variely of shori-term and long-tern studies, in several animal species, cholines=
terase depression was the principal effeot noted. The 1976 Meeting expressed concern over
the liok of appropriate data evaluating the reversible cholinesterase depression in dietary
studies and on the apparsnt sensitivity of brain rather than erythrocyte or plasme
cholinesterase. Noweffeot levels were based on data from a rat reproduction study (short-
term) and a short-term dietary study in dogs.
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Further siudies on cholinesterase depression, induced by dietary edministration of
carpofuran, were requested. It was suggested that a definition be made of the sensitivity
of juveniles, when compared with adults on scute toxicity and cholinesterase depression
levels, 88 obssrved in preliminery studies and that an additional reproduction study define
¢he highest no—effebt level.
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sdditional dats were received with respect ic all of the regussted information. In
sddition, further long-term etudies in several rodent species ware made availsble. These
new data are reviewed in this monograph addenium,.

DATA CORSIDERED FOR DERIVATIOR OF ACCEPTABLE DAILY INTAEE

BIOCHEMICAL ASFECTS

Effects or snyymes and other biochemical paransiers

4n evaluation was mede on the possible differsnces in brain and erythrocyte cholines=

terase activity in adult and juvenile rats of both sexes following acute exposure to care
bofuran.

Groups of rats (five rats per sex, using either juvenile or zdult snimals) were
saorificsd and cholinssierase sotivity messured by s colorimstric procedure suitesble for
evaluating & rapidly revsrsible, carbemaie-inducad inhibition. These animsle were untrested
and served ae baBsline values of cholinssierase zotivity. A further group of eight snimals
per sax, both juvenile mnd adult, were tresied witk carbofuran and sacrificed st various
timee up to 24 hours after 4trasiment to evaluste the optimel time for depression of both
brain and srythrocyte cholipestsrase. In all sabeg, sample preparsfion wef Iapid following
szorifice and dilution of tissuss was kept to & mirimum. 3S=zseline oholinesierzss data in
brain of juvenilas were slightly higher than those noted for sdults irn both males and
famsles, With srythrooyte oholinesterase, adult values were found to be higher than Juverile
valuse iz both males and females. Examinstion of ihe optimal sampling tice for evalusting
nexizum erythrooyte cholimestersse Gepression showed that appraximately 30 minutes following
wevte sdminisiration was the optimal in boib sezes in adulis and juveniles. The optimal
wezpling time for brain oholinestarase deprerzion was approximately cme hour following =moute -
poisoning. The dats showsd rscovery was almost coamplete fouwr hours following acute carbo-
Turan 4regiment. Complats recovery was noied st the 24~hour interval. While the sholines—
tarsse Zemression and resovery stulies were 4ifficult to Tully evaluste because of large
Btandard devistions of the mesn cholirssterase agtivities, it wse quite evident that complete
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recovery of all enzyme depression was attained within one day. There were no significant
differences in juvenile and adult recovery studies in either brain or eryihrocyte cholines-
terase. Further, the date did not suggest significent differences in sensitivity to
carbofuran-induced inhibition in either adult or juvenile rats (Case, 1980).

Toxicological giudies

Special studies on reproduction

Groups of rats (10 male and 20 female rats per group, 12 msle and 24 females per group
were used in the third generation) were fed carbofuran in the diet at dosage levels of 0,
20, or 100 mg/kg and subjected to a standard 2-ljtter per generation, 3~generation reproduo=
tion study.

Crowth, as evidenced by differences in body weight and food consumption, was reduced
in parental rats administered 100 mg/kg in the diet. This was consistent throughout three
gensrations at the 100 mg/kg dosage level, No treatiment-related growth or food consumption
depression was noted with any of the animals administered 20 mg/kg in the diet.

There was no effeot zssociated with carbofuran with respsct to the standard reproduction
parameters (fertility, gestation, lactation, and viability) with the exception of a slight
reduction in viability at day 4 at 100 mg/kg. This was observed in the first litier of all
generations. These differences were not noted in the second litiers of the 100 mg/kg group
and the significance of this reduction ie questionable. Mean pup body weighie in the
100 mg/kg group were coneistently lower than comtrol values. This growth reduction, noted
at day 21, was statistically significant in both males and females at the 100 mg/kg dosage
level {hroughout the study.
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At the conclusion of the study, parentsl snimsals and pups from the second litters of
the second and third gensrations were sacrificed and subjected to gross examination. No
pathological lesions or sbnormalities, which were oonsidered io be compound-related, were
noted st the time of gross exsmination., Stastistieslly significent mean weight varlaetions
ocourrsd in verious organs smong the F_ and F b vweanling rats. The sigrnificance of these
weight variaticns, whick appsar to ooc%r ﬁeq’éen‘tly in toxicity studies, ie guasstiocnable
in light of the microscopic szaminstion of tissues and orgsns whick did not appsar to show
subetsutiel sffects sitributable to the presence in the diet of carbofuwran, Microscopic 3
examination of tissuse snd organs of the parental Fz and F.. showed & variety of morphologic
changes, none of which were comgidered to be related :go the agesanse of carbofuran., A4ll
histologio lesions were vonsidered to represent sportsneous oocurrences. 3Based upon the
slight, but significant, growth reduction at 100 mg/kg, it may be comoluded that 20 mg/kg .
represents & dietary level 1hat would induce no sifsct on reproduction (Goldenthal, 197903
1980 ), v
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Special studies on teratogenicity

Sroups of rats (24 meted females per group) were siministered carbofuran (suspended
in 0.25% nethyicellulone) at dssage levels of Oy 0.1, 0.3, or 1.0 mng/kg body weight/day
througbrwt geriation (days &=15 of pregrznoy)e Op day 20 of gesiation, znimals were sacri-
ficed =xd rerertis and foeiupes were sutject io compleie internmal and exisrnal examination
tc eveluzie effactis indicative of a isrsiogenic response of carbofuran. ’

Texicological signe of poisoring were evidsnced in females at the two higher dose levels.
There was one desth at the highsat cCose level., The signs of poisonings were of the typical
eholinergic response sssocisted with carbofuran. There were no differences in growih within
any trsatmeat group over the 20-day geststion psriod. At the conclusion of the stiudy,
sremination of all animsls showed s larger pmmber of resorpiions ip the control group ihan
ip any of ihe ireatmsnt groups. 7There ware nc differences within the. groups afmiristered
carbofurer snd the high insidence of resorptione in the comtrol group could not be explained.
Swrstic snd ereletal evemimations Tailed 4o show %arstogeric effecis of the sdminieiration
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of cerbofuran. Cerbofuran, while inducing toxicological signs of poisoning in maternal rats,
jnduced no teratogenic response in rats (Barron, et al., 1978).

groups of pregnant rabbits (17 rabbits/group) were administered carbofuran ( in 0.25%

methyloellulose) at dosege levels of 0, 0.2, 0.6, or 2.0 mg/kg body weight daily from day
6=18 of gestation.

On day 30, all arnimals were sacrificed and, following laparetomy, an examination of the
ents andfoetuses was performed to evaluate & potential teratogenic effeot. For the
' parents, this included an examination for early and late resorptions, implantation Bites,
sbnormal placental sites, and for any other abnormalities. Corpora lutes were counted

and the placenta was weighed. Groes examinations were made of the parents and somatio
and skeletal examinations of foetuses were performed

Toxic signs of poisoning were observed in rabbits administered the high dose level of
garbofursn. Toxic cholinergic signs of poisoning were evident and several animals died duri
the course of the study. There were no toxicological signs of poisoning evident at the lower
doee levels. Growth, over the period of gestation, did not appear to be affected by the
administration of carbofuran. There were no significant groes scmatic effects observed in
either parents orfoetuses at any dose level in the study. Pregnancy and viability was
maffected by carbofuran. Foetal body weights, placental weights, and development of
foetuses were not affected. Soft tissue and skeletal examinations showed no adverse effect
ss a result of carbofuran treatment. Under the conditions of this biocass

BEIEs 5 Tt Tovte o ab Dloaseay, carbofuran did
not induce a tsratogenic effeoct in ra 8 8t dose levels up to and including that which

induced maternal taxicity (Felton, et al., 1978)s 2¢£. ZO rng/ieg b

Long-tern studies

Mouse

Groupe of mice (100 male and 100 female, Charles River CD-i mioe/group) were fed
cerbofuran in the diet at dosage levels of 0, 20, 125 or 500 mg/kg for iwo years in an
effort $6 evaluate the carcinocgenic potential of carbofursn. Groups of animals were examined
at periodic intervals (6, 12, 18, and 24 wonths) for Lematologic parameters, bioshsmical
siundies, and urinalyses. At similar intervals over the course of the study, groups of animsls
vere ssorificed and subjected to gross and mierssoopic examination of tissues and organs
for sbnormelities, partiocularly to zssess the earcinegenic potential,

There was no mortality im the course of the study that could be attributed to the
sexoe of carbofuran,  Additionally, no changes in appsarance or behaviowr were noted.
ocaligsd hair loes and reddening of the ear(s) frequsntly followed by scabbing or
sloughing of portions of the ear, was noted with greater freguency in the treasted mice,
Theére was no maortality atiributable to oarbofuran. 4 slight decrease in body weight was
svidenced through the first ysar of the study predominantly at the high dose level. Duwring’
this psriod where growih reduction was noted, food consumption wag also reduced sligntly et
the high dose level. Wiih the exception of brain cholinesiersse deprsssion, there were no
specifio differences with respesct to bematological parswzetsrs, clinical chemistry parsmetesrs,
and urinslyeis determinstions that gould be attributable to0 cerbofuran. Brain cholinesterase

was depreseed in both males and females at the two highesi Gome lsvels and all time intervals
recorded,
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A1 the conclusion of the study, gross and microscopic exsmination of tissues end orgene
showsd ssveral statistically sigunificant weight waristions occurring periodically througheut
the stwiy, These changes in organ weighte were not accozpanied by chenges cbesrved
microgcopioslly which would be indicstive of significant morphelogio effects. There were
nc differsnces with respeot to the ccowrrance of nsoplastic or nor-necpiastio changes in
any of the carbofuran~ireasted mice. It was concluied that carbofurar was not tunoregenic -
Bor ecsroipogenmio in thie sirain of mice (Goldexmthal, 1980: Brown, 1980), /€. > Svo mi ke




Groupe of rats (90 male and 90 famale/g*oup)were fed carbofuran in the diet at dosage
v 20, or 100 mg/kg for 2 years. Carbofuran was dissolved in acetone and

mixed with a small amount of laboratory diet to provide a premix, which was then diluted 4o

provide larger quantities of the appropriaie ooncentration for the test diet. Analytiocal

of carbofura.n.

Rats were observed daily for overt toxicity, mortality, and general behaviour and
2ppearance. Body weights wers measured weekly, as was food Gonsumption. At 6, 12, 18 and
24 months, groups of animals were sacrificed for a variety of clinical chemistry studies
hematologio examingtions, and urinalysis, Ophthalmologic examinations were performed at
Oy 12, and 24 months. Groups of 10 animals of each 8ex were sacrificed at 6, 12, snd 18

There was no excessive mortality over the course of the study that could be atiributed
to the presence of carbofuran. Growth, as evidenced by body weight, was depressed signifi-
cantly at the high dose level, although food consumption was unaffected,

)

With the exception of cholineasterase activity depression, there were no significant
findings in any of the clinjoal chemistry, hematology, urinalysis, or ophtkalmological erami.
nations., At 100 ng/kg cholinesterase depression was observed in Plasms, red blood cell,
snd brain of both male and female rats, There was no significant cholinestersse dspression
cbserved at 20 mg/kg.(Cholineatarase Gepression was evalusted in the study using spacific

techniqnes and procedures that would be applicalle for asssseing the reversible pature of
the inhibition.) o

¢

Anzlysis of the gross and microscopic pathology data did not Suggest & oompound-related
pettern in any of the lesions obeerved. While there vwere sporadic lesions observed in s
variety of tissues at various saorifice times with respeot to groes changes in weight,
these were not accompanied by histological evidance of advsrse morphologic effects. It

spontenacus lezions snd were unraelsted tc the preasence of car;bofuz‘an in the diet. (Greas

leedons without gefinitive morphologic change were assumed to have represented Physiological
variations, artifacts, or other csusss et 492 not induce datectable morpsologic altsrationg

4 no-sffest level in this Btudy is 20 mg/kg in the diet squivalent 10 1.0 ng/kg body '
wedzht. This is bassd on c. 8 in growth =nd op de ession of cholinestarsse activity)
level observed at the nert bhighest dose level (Goldenthal : 1980a ),




EVALUATION

oM
Carbofuran, an anticholinesterasse carbamate ester owrently in extensive use as an

eoticide, has bean reviewed at two previous meetings. Additional studies made available
::’thil mesting were reviewed.

" fhere were no differences betwsen juvenile and adult rats with respect to cholinestersse
phibition. Studies on reproduttion, including an evaluation of the teratogenic potential
:f carbofuran, showed that carbofuran was not teratogenic and did not affect reproduction in

a‘m‘ll-

Long-term dietary studies on both rat and mouse failed to demonstrate a carcinogenic
tential for oarbofuran. In two new long~term studies, a dietary no-effect level was
observeds Cholinesterase depression was the most seneitive sffect noted in these studies,

The data reviewed met the requirsments of previous meetinge and allowed the estimation
of no—effect levels in two mammalian species (mouse and rat). The rat and the mouse were
used in an evaluation of the no—effect levels. Data with the dog (1976 report) showing a
no-effect level of 50 mg/kg were based on clinical signs of poisoning where cholinesterasse
gasays were not performed. The available studies with the dog are of limited valftie in the
toxicological evaluation as cholinesterase data were not included.

tevel causing no toxicological effect

‘ Rats 20 mg/kg in the diet equivalent to 1.0 mg/kg bw/day. .
Youset 20 mg/kg in the diet equivalent to 2.5 ng/kg bw/day.
: Betimate of acospisble dsily iptake for man
L : I , 24 AT
0-0.01 mg/kg bw/day. ao,co»»ﬁ é,g.;, for Lo Ki F’ B
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