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OFFICE OF
PESTICIDES AMD TOXIC SUBSTAMCES

MEMORANDUM
SUBJECT: Brodifacoum, Rodenticide
T0: William H. Miller PM-16
Reg!Stra;}pn Division (15-787) G;v/}/ fe

ol R e i

FROM: "Robert P, z1an PhD, Head
Review Section III
Toxicoloqy Branch
HEG (TS-769)

THROUGH: William Burnam, Chief
Toxicology Branch

Compound Brodifacoum

Formulation TALON-G Rodenticide Pellets
Registration #10182-L1

Accession #250077, 225704 % 252894

Tox Chem #114AAA

Registrant ICI Americas Inc.

Action Requested

The Registrant requests an amendment of the registration
of Talon-G to allow sutdoor use against commensal rodents.

Recommendation

Toxicology Branch recomments that the amendment be
deniedi. The 2ranch fuirther recommends that additional testing
of brodifacoum be rezuired and that no further registration
be approved until they are completed. Tests required are,
1)an antidotar study in dogs, 2)}a special 7etabolism study
to evalate thz long nalf-1ife and notential for bicaccumylation,
and 3) an additional teratology studyis).
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Brodifacoum is a highly toxic anticoagulant which has a
demonstrated half-1ife in mammaiian species of at least six
months. This property can lead to one or more of three extremely
~serious adverse toxic effects. 1. Bioaccumulation can be
expected to occur so that toxic responses can ocCcur at intervals
between doses as great as six months. 2. Under conditions of
stress tissue stored compounda can be mobilized and toxicity
occur months after dosing. 3. An individual acutely poisoned
with this compound will require treatment of extensive duration
compared to commonly known anticoagulants of this type such
as warfarin.

Chemistry

3-[3-(4'-bromo-[1,1'-diphenyl1]4-y1)-1,2,3 ,4-tetrohydro-
l-napthalenyl]4-hydroxy-2H-l1-benzopyran-2-one
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Background

3rogifacoum is an extremis zoxic anticogulant -sdenticide
which functions as a vitamin 7. 3htagonist. “he orijiona’
toxicity data on the technical material, a 3.25% lizuid
concentrate and a 0.00G52%2 w/v sellet dosage formulatian w«ere
summerized in an EPA memo by 2.i. Gessert {372/78).
The acute oral toxicity of the Technical matzrial 13 35
follows.
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Male Rat LDgg 0.27mg/kg Guinea pig LDgg 2.87mg/kg
Mouse LDgg 0.4mg/kg Dog LDgyg 0.25 to lma/kg
Rabbit LDgg 0.29mg/kg Sheep LDgqg 25mg/kg

Cat LDgg 25mg/kg

Gassert's comment on the antidotal study submitted with
the toxicity data is quoted in full as follows:

“Antidote Studies: Vitamin Ky is antidotal. The minimum dose
of Vitamin K} required to antidote a massive acute dose of
the roden%icide lies between 10 and 20 mg/kg.”

Without information on the experimental animal used, the
dose of compound, the dose(s) of Vitamin X7 and the criteria
for effectiveness utilized it is imposible to uyse the statemert
in the Gessart memo as & basis for treatment.

Subsiquently Doherty {9/12/78) approved an EUP for
a 0.005% bait formulation for use in orchards Jn the basis of
acute studies submitted with the request.

Doherty (10/19/78) recommended approval of a registration
of the 0.005% bait formulation on the Dbasis of the data
reviewed in his 9/12/78 memo.

Joherty (10/4/79. two memos) reviewed the fabel for
technical and 0.25% concentrate brodifacoum and noted the
lack of teratology studies on the <ompound.

Jonerty {6/18/80) reviewed rat and radbit teratology
studies on the technical material. 3oth studies were negqative.

.

For the rat study Doherty concluded;

“This study is Core Minimum. No positive control was included.
The raw data are nct included and daty Jar2 710 summary tables
only.” :

For the rabbit study Doherty concluded;

“This study is Core Minimum. Nc positive control was included.
The data are prasented in summary tables anly. MO raw ar
individual animal data as {sic) presented.’

The studies were impraperly ciassifiad, a lack af
individual animal/litter 2ata i4 teratololy redorts make them
impaossible to revi2w ind ine studi=s shou:d have dDeen classified
invaiid.

AN
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Biscardi (7/7/81) reviewed an antidotal study in the
beagle dog. Since all dogs dosed with Brodifacoum were treated
with the antidote vitamin Ky, it was impossible to determine
if a toxic dose of the anticoagualant had been given. Therefore,
it was impossible to determine if vitamin Ky has protected
against any toxic effect. Or Biscardi classified this study
invalid.

Additionai Information

The Registrant has submitted the following additional
stiudies which have been reviewed with the noted conclusions.
DERs are attached.

Citation

Brodifacoum: Absorption, E.cretion and Tissue Retention
in the Rat. H. Bratt & P. Hudson, Imperial Chemical Industries
Ltd. CTL /P /462, Jun 20, 1979.

Conclusion

Following an oral dose of 0.25mg/kg, brodifacoum is almost
completely absorbed and only very slowly excreted in the urine.
The half-1ife is estimated as 150-200 days with at least 30%

cf the retained radioactivity represented by the parent
compound.

Citation

WBA B119: Acute Oral Toxicity, G.R. Parkinson, Central
Toxicolosy Laboratory, Imperial Chemicai Industries Ltd,
CTL/P /215 {revised). Jan 1976

Concliusion

Acute oral toxicity in dogs was between .25 and 1.0 mg/kg
and in cats about Z25mg/kg.

Citation

The Acute Jral Toxicity of WBA 8119 to the Domestic Pig

D.2. Ross. Huntingdon Research Center, Report No. SRX/2/7670
Jan 27,1376,

Conclusicn ¢

The .Dgg was estimated as between 3.5 and 2.0 mg/kg.
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Citation

PP 581: Acute Oral Toxicity to Sheep, G.R. Parkinson, Central
Toxicology Laboratory, Imperial Chemical Industries Ltd,
CTL/P /258. Sept 1976

Conclusion
LDgg was estimated as in excess of 25mg/kg.
Discussion

The coumerin type anticoagulants, as exemplified by
Warfarin, have properties that make then particularly useful
as rodenticides. A single properly chosen dose is not lethal
to the rat or nontarget organisms such as dogs, cats or
children. Repeated daily dosing by the rat is lethal. The
safety to nontarget orgarisms lies in the small likelyhood
that they will ingcest several doses of the anticoagulant
at frequent enough intervals to produce toxic effects. This
is a function of the half-life of Warfarin, between one and
two days, which promotes bioaccumulation at shorter intervals
and makes bioaccumulation impossible at longer intervals.

In addition the treatment of this type of toxicity, with
vitamin K and blood transfusions, is well established and
usually successful.

3rodifacoum diff2rs from warfarin in that it is considerably
more toxic, a single feeding of the bait formulation will
kili a rat, and it has a half-life that is at least 50 times
longar. The treatment of brodifacoum toxicity has not been
experimentally established but one may expect that it would
require an extremely expended duration compared to warfarin.

For these reasons it is necessary to have a fuller
understanding of the metabolism of the compound. 2 proposed
prozocol for the metabolism of rodenticides in enclosed wnich
will provide the information required.

An antidotal study in dogs is required with proper controls.
The study should include at least 2 animals/sex/group. Groups
should consist of, 1)Treated with an acutely lethal docse. 2)
Treated with an acutely lethal dose .and then treated with
antidotal doses at 24 hour intervals until the group one
animais have died. 3)Treated with an acutely lethal dose and
then treated with antidotal doses starting when toxic sizns
are observed and continued until complete recovery. Blooc
coagulation parameters should be followed on all animals.

The teratology studies submitted raise serious gquestions
since warferin and several other coumerin type antivitamina
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anticoagulents are teratogenic., Warfarin has been demonstrated
to be teratogenic in humans. In general all antivitamins are
teratogenic under proper experimentl conditions. Since the
detailed results of the teratology studies were not submitted
it {s impossible to properly review the studies. At least one
additional teratology study is required in a species which

has been shown io be sensitive to warfarin.

Enclosure

Metabolism Studies for Rodenticides, Proposed by Robert P.
Zendzian PhD, Pharmacologist, Toxicology Brarnch, July 1984
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Metabolism Studies for Rodenticides

Introduction

This study is designed to determine the persistance and
potential for bioaccumulation of rodenticides in the mammalian
species. A rodenticide which persists in the body of 2
nontarget organism presents a sianificant danger in that it
offers the possibility for chronic poisoning witn iong intervals
between doses and can significantly increase the duratfon and
complexity of treatment required in cases of acute poisoning.

When Requirsad

This study is required for the initial registration of
all rodenticides.

Materials

An analytically pure sample of the rodenticide isotopically-
labeled in a portion of the molecule that wili be indicative
of the presence of the molecule in the organism should be
used. Labeling may not be needed if specific and sensitive
physical-chemical methods exsist for igentifying the compound.

Young adul: male and female rats of a commonly used
strain are the species of choice. Otner mammalian species may
be used for particular compounds but a specific rational for
this choice mus?t be supplied.

Methods

1} Route. The oral route should he ised unless another
route of exposure is 2axpected o0 occur in accidental exposure.
in some cases ‘% may de necessary to study more than one
route.

2) Dose. 3 singlz oral dose at sne-tanth the Ligg is
~acommended. The dose should not de ezxpecied to produce
mortality. Since the oaral LDgy of Ccmpounds in the rat
cften differs Dy sex 3 different mg,c3 dose may be necessary
for each sex.

3} duymper 3f Ani=als. At ieast fiva males and five
es should 2e use-d. {

1} Dbservation neriod, Animals snouil be maintained,
individualily in metabolism cages for seven days or until 30+
percent of the dJose is excreted, #hicnevar comes first.
Aniaals are ki>led at the end 2f the shbszrvation period.

\\\3
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5) Collection and analysis of excreta. Expired air,
urine and feces should be collected at suitable intervals
during the observation period and anaiyzed quantitatively
for the test material. . Intervals of 4, 8, 12 and 24 hours,
1.5, 2, 3, 4, 5, 6 and 7 days are suggested. Expired air
need not be collected if data is available to show lack of
excretion by this route during the first 24 hours after
dosing.

5) Tissue distrobution. At sacrifice, the quantity of
labeled material remaining in bone, brain, fat, gonads,
heart, kidney, liver lungs, muscle, spleen, other tissues
which may be expected to retain the particular compound and
residual carcass will be determined.

7) Metabolism. Identification of metabolites is not
required unless significant bioretention occurs. Essentially
if the half-life exceeds 48 hours or accumulation occurs in a
particular organ, analysis should be performed to determine
the quantity of active rodenticide retained.

3} Additional determinations. 8lood kinetics are not
usually required hut may be useful if bioretention occurs.

Reporting

Reports should provide the information required in the
Pesti-ide Assessment Guidelines, Subdivision F, Series 20-5
Reporting of data and Series 35-1 “etabolism study.

Proposed by

Roberz P, Zendzian PhD July 1784
Pharmacologist .
Toxicology 3ranch HED

.




Py

: . . 03989
Data Evaluation Report

Compound Brodifacoum

Citation ;

Hrodifacoum: Absorption, Excretion and Tissue Retention
in the Rat. H. Bratt % P. Hudson, Imperial Chemical Indusiries
Ltd. CTL/P /462, Jun 20, 1979, B

Reviewed byW = Sy

cbert P, Zendzian PhD
Pharmacologist

Core Classification Supplementary

Tox Catagory MN/A

Conclusion

Following an oral dose of 0.25mg/kg brodifacoum is almost
completely absorbed and only very slowly excreted in the urine.
The half-1ife is estimated as 150-200 ddays «ith at least 50%
of the retained radioactivity represented by the parent
compound.

Materials

3rodifacoum, analytical qrade, 96% pure, cis:trans ratio
64.6:35.6

Brodifacoum, uniformly labeled on the pnenyl ring of the
coumarin moiety as individual i1somers, mixed one to one far
administration.

Hydroxycoumarin analytical grade

Aduylt male rats [190-210gm) Alderly Park specific
pathogen-free strain dister-Derivedi.

Methods

1} Three rats were dosed orally with L14-C brodifaccoum
(6.6 uCi/kg; 0.25mg/x1}i 3nd urine and feces zollected
individualily at 24 hour intervals for 10 days. At termination
the rats were killed and abdominal fat, kxidneys, heart,
tiver 4and residual Carcassps collected for znalysis.

2) Three rats were dosed oraily with 121-C brodifacoun
(6.6 uCi/kg; 0.25mg/k3) and killed 10 days ifter dosing.
Blcod i2mi) was ca3llecred for analysis by £ardiac puncture.
Pancreas and spleen were 31150 collectad,

(6.9 uCi kg: 0.5mk /kg: and urine and fecas zallected at 2%

3} Three rats wer=2 dosed orally with 13-0 brodifacoum o
-7
hour intervals for 5 2ays. /




.2 ' Cﬂbz“ ?
4) Three rats were dosed orally with 14-C brodifacoum

(7.2 uCi/kg: 1.5mg/kg) and urine and feces collected at 24
hour intervals for 5 days.

S) One rats- was dosed orally with 14-C brodffacoum (6.6
uCi/kg: 0.25mg/kg) and expired air collected for 48 hours.

5) The bile ducts were cannulated on three rats. After
recovery from anesthesia the rats were dosed orally with 13-C
brodifacoum (6.6uCi/kg; 0.25mg/kg) and the bile collected at
24 hour intervals for 48 hours.

7} Three rats (80-90gm body weight) were given a single
oral dose of 14-C brodifacoum (6.6uCi/kg; 0.25mg/kg)/. A
sfngle rat killed, quick frozen, block embedded and sectioned
ilcengitudinal saggital sections) for whole body autoradiography
1,5 and 10 days after dosing.

8) Twenty-four rats were Josed orally with 14-C brodifacoum
{6.0uCi/kg; 0.21mg/kg) and killed in groups of 3 at 0.25,
0.5,.1, 2., 4, 6, 8 and 24 hours after dosing. Blood (2 ml) was
taken by cardiac puncture. B8lo0d was also collected from 3
untreated rats.

‘9) Six-rats were dosed orally with 14-C brodifacoum
(6.0uCi/kg; 0.21lmg/kg) and killed in groups of 3 at I" and
17 hours after dosing. Blood {2 m}' was takei by cardiac
puncture.

Samples of urine, feces, »ile and extracts from various
organs were analysed for metabolites by several chromatographic
procedures

Results Results are numberecd as in the methods section above.

I

1} Following an oral dose aof z5mg/kg, the mean precen=
of dose excreted in the urine was 1.3l 4ffer 10 days with the
highest excretion on day one (3.88} and excretion stabalizing
on days 5 to 10 at 0.G2 to 0.03 %/4ay. In the feces the mean
percent of <ose after 10 days was 1.0} with the highest
excretion on day 2 {(4.70%). Facal excretion decreased
throuqghout the 10 day collection pericd.

The mean percent of dose remaininag in various tissues
after ten days was abdominal f3z 2.29, Tiver 22.34, kidney
3.73, nheart J.10 and residiual zarcass 50.32.

2) Following an oral dose »f 3.25mg/kg, the mean precent
of dose persent in tissues afte~ 13 Adays was pancreas 2.33,
spieen 0.16 and blood 0.05.

3} Following an oral dose 3f 3.5mg/kq, the mean percent
2f dose a2xcreted in the urine w19 2.31 after 5 days with the 67
aighest excreticn on day one {7.45.. in the feces the mean /=
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percent of dose after 5 days was 30.75 with the aighest
excretion on day one (14.95%). One rat died on day four and
the remaining two on day five.

4) Following an oral dose of 1.5mg/kg, the mean percent
of dose excreted in the urine was 2.8l after 5 days with the
nighest excretion on day one {2.01}. 1n the feces the mean
percent of dose after 5 days was 42,56 with the highest
excretion on day two (16.,23%). All three rats died on day
on day five.

5) Following a single oral dose of 0.25mg/kg to one rat
no radioactivity was detacted in 2xpired air over 48 hours.

6) Following an oral dose of 0.25mg/kg, the =mean precent
of .dose excreted in the bile was 0.55 for the first 24 hours
and 0.77 for the second with a total of 1.36.

7) Following an oral dose of 0.25mg/kg, whole body
autoradiograms at one, five and ten days post dose showed
that the highest concentrations uf radioactivity were aor2sent
in the liver, -pancreas and salivary glands with acrivity also
present in the gastric mucosa, intestinal mucosa, vertebrae,
nasal mucosa, kidneys, adrenals, menim=nges, fat and skins.

8 % 9) Mean blood concentrations of brodifacuom {ng
equilivants /ml of blood) following a single oral dose 3¢
0.21mg/kg are given in the following table taken from zadle 2
of the report. Actvity was less than the Timit of detect:on
{1.1 ng eq/ml) on day 17.

Hrs

after .

46s51ing 10.2510.5011.0§2.0] 4.0 §.01 3.0110.0117.0124.3124C.0
! ! | | i ! ! ] | } |

ng a2q9/m1 {2.8 i2.2 14.415.9110.1115.4115.1113.11 .70 8.7 1.3

Analysis for metabolites showed that 50% or =ore 5f the
retained radioactivity was represented by the parent compound.

Discussion

The dose of 0.25mg/kg brodifacoum administerad in most of
these experiments approximates the LDgg 'n the ma e rat.
The compound is almost compleceiy absorned and ony very
slowly excreted. The half-1ife is estimazed as 132-200 days
with at least 5 of the retained radicactivity r=2presenced
by the parent compound. This axtensive nalf-iife *ndicat2s a
serinous potential for cumulative toxicity.

Tais study satisfies the Guideline ~aquirements for 31
single nigh oral dose in male rats.
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Compound Brodiffacoum. WBA 8119

gitation

WBA 8119: Acute Oral Toxicity, G.R. Parkinson, Central
Toxicology Laboratory, Imperial Chemical Industries Ltd,
CTL/P /216 (revisedl. Jan 1976

‘Rev!ewed,byW =72 J/f(/
Robert P ZTendzian PhD
Pharmacologist

Core Classification Suvplementary

Tox Ca:agory i

Conc1usign

Acute oral toxicity in dogs was hetween . 2% 4ynd 1.0 mqg/kg
and 1n cats about 23mg,xqg.

Materials
ABA B119 [(brodifacuom)
Female beagle gogs ‘8-12%g)
Male and female cats {2-7k7:
Methods
Compound was 11ssoived in polyethylene 37ycal 200 and
administered arally 3y 2ravaqe. Animais wer2 35caryed far d
Wweeks. Hecropsiaes were savinraed an 3l 3a1 .37 3 Tled 1N

extremis or gt termT4dt 3n. Joses udsel o 3ni oy gt e SN0wWn
in Tables 1 &2

‘.
S

Results
T33lae 1. Temaie o1
Josa ‘mq.¥n
3.Z25 LU N ]
fag. died/no: traynodl 3/2 2 ! B
{
L0 gz astimatea 45 te2tween 1.25 3ng 1,7 Mg v
Toxi¢ signs 4p324r2d At a30ut 314 Jays "0 zne Fitsziities
consisting af sub<ui=1 3emavior, 1355 3F gpuet ot 3alae,
resgiritory diffoopT e 7" semty, oo Tacas ind
WIngr 2xternal aenmgos ; : chny 3T ant s <0 T ed ot agtremis
reyealed nedmorrny IS, Lartig i a4 10 T T4 10 TA0ra4.




Table 2. Male and Female Cats

Duse (mg/kg)
5.00 T10.00 25.00 30.00

{no. died/no. treated) 0/2 0/2 172 0/2

tDgp estimated at 25mg/kg

The animal that died was not necropised. Animals at
50mg/kg showed subdued behavior and loss of appetite at
about two weeks but were ncormal at 4 weeks.

E.




Compound Brodifacoum. WBA 8119

Citation

The Acute Oral Toxicity of WBA 8119 to the Domestic Pig
0.8. Ross, Huntingdon Research Center, Report HNo. SRx /2/7670
Jan 27,1976. .

Reviewed by ,“EZ~—<ZQ“;EE%54——- 2/ S5z

Robert P, Zendzian PhD
Pharmacologist

Core Classification Supplementary

Tox Catagory I
Conclusion
The LDgg was estimated as between 0.5 and 2.0 mg/kg.
Materials
4B 8119 (brodifacuom)
Large white pigs from a local pig breedér.
Methods

Zompound was administered orally by qravage 1n =alyethlene
glycol 300. Two snimals ner 1ose were dosed at 1.3, LL0L 2.7,
5.0 or 10 mg/kg. Animals were gDserved for 21 gays. *mimals
were sacrificed in extremis ar st terminatioin ang¢ n=zzarpsied.

Resuitrs

A1l animals died except one at 0.5 and two 4t 1.3 =g
Deaths occured 3 to 13 1ays sostdese. LDgg was estimated 3
hetween 0.5 and 2.0 mg/kq. Animals appeared normal .ntil
about four hours before death when some lass of musc’ =
function and mild convulsions were epbserved. 3leadinz from
the nose, ears and recium wis Aancerved i1mmediately 3ri101 10 death.
Yecropsy revealed signs 4f iaternal hleeding 1n the :71mais
that died.

-—
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Citation

PP 581: Acute Oral Toxicity to Sheep, G.R. Parkinson, Central
Toxicology Laboratory, Imperial Chemical Industries Ltd,

CTL/P/258. Sept 1976
Reviewed by ’/‘U'/’?’

Robert P. Zendzian Phi
Pharmacologist

Core Classification Supplementary

Tox Catagory <Could not be determined

Conciusion
LDgg was extimated as in excess of 25mg,%q.
Materials
?p 581 (brogdgifacuom]
Castrated sheep ' 30-35kq)
Metheds
-ompound was adminisz2red arally 2y drer~cn, 10 nolyaethy ane
glycoi, to two sneep 2t 2img/kg. Animais wers 3hserved for
three weeks iand then necorasied.
Results

No toxic effacts ~ere abserved. i0gp was =2xtimated as in
axcess sf 25mg k1.




