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ABSTRACT

The cost of developing rodentrides fi vrewsed subetantally darng Uie past 1Oy ears beeatse
of intlation and the need to sapply volominous data to Taltill o quirements tor repintration, Chemical
companics have concentrated their pesearch eftorts on matenals for ose aginst commensil rodents,
primarily the Norway rat and house mouse, becuuse there is greater chance of making a profit from
these chemicals than from those aeveloped for use apainst rodents that damay e spviealtnral crops, Per
haps the greatest stimulus for the development of rodenticides was brought about by the discovery in
Great Britain and the United States of rats that are resistant to warfarin, Rodenticides such ag calei-
ferol (vitamin Dj), RH-787, difeniacoum, brodifacoum, and biomadiolone were developed, at least in
part, because of their demonstiated effectiveness against anticoapulant resistant rats and mice, Since
1965 an improved red squill prepuration snd notbormide iave been evaluated as rodenticides, but
neither has passed government requitements foi ¢fectiveness,

INTRODUCTION

Pesticides in the United Statcs are regulated by the Federal Inseeticide, Furgicide,
and Rodentjcide Act (FIFRA), administcred by the Environmental Protection Agency
(FPA). This Act is very comprehensive and imposes stringent test puidelines on the ma-
nufacturers of pesticides. All chemicals for pesticide application - - toxicants, fumigants,
chemosterilants, and repellents - - are included, and the active ingredient of a pesticide
is defined as any substance or mixtures thereof that “will prevent, destroy, repel) or
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ASSESSMENT OF CHEMIC * LS
Red Squill

Although red squill s probably the oldest rodenticide used today, sttempts to
merease its effectiveness are still being pursued. selllivoside, a plycaside, is the active
ingredient of red squull; @ preparation of red squill known as stabilized seilliroside was
shown in Jaborate .y fiee-choice feeding tests to be more effective against wilid Norway
rats than the older product known as fortificd red squill (Maddock and Schoof, 1970).
In these teeding tests the stabilized preparation killed o0 pereent of the test rat (210
males, 10/10 femalesy whereas the fortified product Filed none. Meddock and School
also reported that execllent contiol was obtained in 17 of 20 premises (dairies, hog farms,
chicken ranches) treared with bart contawumg 0.015 pereent stabilized scilliroside active
ingredient (ad.).

Using the FPA luboratory test protocol {no prebaiting; paited-preference) fon
acute rodenticides, researchers at the DWRC observed 28 percent martality in Norway
rats (0/10 nmles, 5716 females) exposed to bait contaitye 0015 percent i, stabilized
scilliroside, However, when rats were prebaited oo nwo cousecutive days and then offered
the 0015 percent bait, with an altermaie source of food, the mostality was 100 pereent
(58 males, §/8 females). These two tests demonstiate the exteme variitons that can be
obtained with different tesi procedures. Uindortunately EPA does not recognize the vali-
dity of prebuiting teis as proot ol etficacy, and the stahilized seillivo e product his not
been registered 1 the United States,

Noshormide

Norbormide, which is seretively toxie w rats {Resckowski or al., 1964, was “dis-
covered™ duting routine phanmaclopy screening studies designed to detect anti-mtlam-
matery and anti-appatite drugs for use in biman dinic medicine, 1ts acute toxicity to
other animals sach as dog, mouse, cat, and chicken is preater than 1,000 myg/ke, Tosic
effeets of norbormide are manifested by an intense peripheral vasoconstriction that
profably involves ischemia of vital organs and ultimately death. Vasoconstriction does
not oceur in resistant animals, Itowas itrodneed with hivh expectations for continlling
wild Norway rats, but fiekl investipation indicated aceeptance problems, particalaly
in roof rats (Maddoeck and Schioof, 1967).

Inttempts to iacrense its wcceptubility. norbormide was microencapsulated
(Corrvell, 1670). Theoretically, rats should consume more of an encapsulated pro-
duct and hence, mertality should be increased, However, Comwell did pot observe
this eftect. Although more of the bait contaminge one pereent microcncapstlated norbor-
ande wis consumed, mortality was not increased. Cne reason Lon this Lnbuge may be that
digestion of the capsular wall was thus preventing (he absoption of fethal amounts of
norhormide,

L weute oral tosicity tests, the DWRC has tonnd ihat nacroencipsulated nog-
butmide is as toxic as the technical matenal (Table 1), However, feeding tests with a
bait containing one percent active ingredient norbormide in mitcrocncapswiate:d torm
were ot promisin . Pats were prebaitel for three nights betore beme ottered the teated
buit, but even und-e these conditions 100% maortality: was not obtamed (Fable 2). The
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consamption ab ceeeeding Tugh doses by two suiviving, riceBe4 s cdearly shows
Phat increased hat Coostmption does nat result in ines eased mortalitv,

Table 1. Acute oral toxicity of microencapsulated norbormide in rafs.

1.1)5()‘ mg/kg

Conpnen niune Sea Lot, No, (5% confidence limits)
Woild Norway } AC 0754} 12.£(0.3.25)
Ricelicld I AC 67544 2L0(12.,5.35)
Ricetield I 076-10:1 354{18.4-08)

Table 2.

Feeding test resnits with microencapsulated norbormide in rats,

Average
Common name Sea Lot No I Dggp Mortality
constimed
Wild Norway I AC 67511 0.3 4/5
Ricefiekd I AC 0754111 22.6* 3/5
Kiceticld I’ 676-10:1 5.2 4/

Average LD SU's consumed for three rats 1hat died = 8.0; average LD

50 consuined for
two rats that survived = 44 6

NK-15501

Arelativel new aente rodenticide, NK-15501, was discovered by Japanese workers
duiing the o erne of nony thicnres detivatives (Tokumitsa ef @f,, 1973). Oral dose of
SKOEo b canee consithons an todents e ane to three hours and death within 1.5 te
three ot baboiatony teeding tes with twenty-tive baits were effected in wild Norway
ated oot s wed Jrpaneee tield voles Aversion to the treated bait was noted in suble-

thathv dosed anmals - - common etleet when acute rodenticides are used. Tt was re-
ported thial NK imsob wes very efleciive against Notway rats and field voles in field
s,

190 Biotrop Special Publication No. 12, 1980


lfiore
Rectangle

lfiore
Rectangle

lfiore
Rectangle







http:usceptube.Ic

Table 4. Acute oral toxicity of RH-945 in animals.

No, tested,

sex Dose Deitths or
Common name M I (mglky) Lbsg
Bobwhite quail 3 I S00 0
Starling 2 2 500 0
Red-winged blackbird 2 500 0
House sparrow 2 2 500 0
Brown-licaded cowbird 2 2 500 0
Deer mouse 12 300 Lbsg
20 20,0 [ s
16 345 Lbsg
Mouse, albino 32 7.5-960 Oi4at 7.5 10, 60, and
Yo at 30,120,
240, amd 480
Rat, albino 31 15-480 0/3 at 15 and 30;0/7
at 6027 a0 120177
at 240: 0/ at 480
Rat, wild Norway 9 30-120 H3at 30 60, and 120
420 1.Ds50
Rat, black 200 0
Rat, Polynesian 200 0
Juckrabbit 4 4 14,7 LDsg
Ground squirrel 1 1 62 0
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Table 5. Acute oral toxicity of RH-908 in animals,

I — No. tested,
Common nane M\bc‘(ﬁ- (m[;;;fg) Comments*
T T e ——
Bobwhite quail 4 20 I.Dsg (1)
oy 90 LDsg (L)
Coturnix quail 4 90 Lbsg (E)
4 90 LDsg (E)
Starling ] 1 500 No deaths
House sparrow 3 356 LDsg (L)
3 500 No deaths
Brown-headed cowbird 3 178 LDsp (E)
Deer mouse 6 22.3 LDso
6 3.7 D5
Gerbil 6 3.8 LDsp
Rat, ricefield 12 2.2 LDsg

Y E = estimated

from the supplier were 16-21 for Norway rats and 13 for albino mice. No apparent rea-
sons for this big disrrcp:mcy are known, Later evaluations by other investigators in the
United States also revealed large variations in the toxicity of RI1-945 1o wild Norway
rats (Marsh and Howard, 1975). The LDsq ir deer mice compared favorably with that
reported by the supplier. and excellent control vas obtained in free-choice (paired
preference) teeding tests with deer mice (Table 7).

Althouph the LDso was greater than 500 mg/ky in the five species of birds tested,
wo secortay feeding qears with Ri1-945 i raptors produced mortality and symptoms
of poisuning. In the first (est Jackrabbits were administered an oral lethal dose (94 mp/kg)
and fed to two golden cagles. Both eagles died after cach consumed abouy half of a car-
cass. In the second test, Jackrabbits Killed by «n oral dose of 18 mg/kg were fed to one
great-homed owl, one barn owl, and one red-ailed hawk, After consuming portions of
the carcasses, both owls died and the red-ajled hawk showed toxic symptoms, but
survived. Since RI1-945 was never registered for marketing, these data are of academic
interest only, hut they do show tha wide variations can exist in the toxicity to no-

tareet species of bigdy
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Table 6. Acute oral toxicity of RH.787 in animals,

No, tested,

SN Dose
Common name MF (mg/ke) Deaths or
1.hsg
Bobwhite quail | ] 500 0
Caturnix quuil 1 ] 500 0
Starling ] 1 SO0 (M)
House sparrow 1 ] 500 0
Brown-headed cowbird 1 500 0
Deer mouse 8 87.2 1 Dsp
8 87.2 LDsg
Gerbil 6 43.7 1.Dsgo
Rat, F] wild Norway 9 1.1 LDsg
12 40 Lbsg
Rat, Fy ricefield 9 223 L.Dso
Rat, ¥y Polynesian 12 28.1 L.D30
12 17.7 1.Ds5(
Rat, black 19 1.Ds5¢

RH-908 was never extensively evaluated because research effous were directed
toward the developmentof RH-7R7. In peneral, RU05 is more toxic than either
RH-787 or RH-945; concentrations as Jow as ot 0.1 pereeat Lilled 80 percent of the deet
mice tested (Table 7). It is eftective against Nonway | roof, Polviesian . and African white-
tailed rats, and ficld tests with a 0.75% bait were very efiective on pround squirrels
(Marsh and Howard, 1975).

Although detailed studies on the mode of action of RH-787 have net been pub-
lished, it can be classified 4s a vitamin antimetabolite because it inhibits niacin metabol-
ism (Anon., 1975; Deckert et al., 1977). Onset of action is relatively slow, and several
hours are usually required before animals dic. Like RIS, it exhibity o wide tange of
toxicity between target and nontarget animals; however, no discrepancies in it toxicity
to Notway rats have been reported. Paired-preterence teeding tests with two pereent biits
have been very effective in Norway, roof, and cotton tats, and house and deer miee,
Laboratery and fiehd tests with one percent baits have proven to be eltective for the con-
trol of pine voles (Byers, 1970), T addition to the acute toxicity dua listed in Table 6,
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Table 7. Bioassay test results for RH-945, RH-787, and RH-098 in deer mice.

T O Total
Chiemical Concentration aceepted Mortality Mortality
(%, w/w) %) \_1-_—? (%)
R11-945 1.0 45 5/5 5/5 100
0.5 61l 4/5 5/5 920
2.25 77 2/s 4/5 60
0.1 98 0/5 1/5 10
0.05 100 0/5 1/5 10
RH-787 1.0 42 2/2 3/3 100
0.5 68 1/2 2/3 60
0.25 96 0/3 1/2 20
0.1 100 0/2 0/3 0
RI-908 0.5 33 2/2 33 179
0.25 67 3/4 1/1 80
0.1 80 3/3 1/2 80
0.05 96 0/2 0/3
0,025 9y 0/ 0/4

LD 50's (me/ke) for other animals are: Norway rat - - 4.75 roof rat - - 18; cotton rat - -
20 1o 60; chicken - - 710; pigeons - - greater than 1,780; dogs - - greater than 500; and
rhesus monkeys - - 2,000 to 4.000. Secondary poisoning symptoms with KH-787 have
not been demonstiated. In one study in which mice were killed with a large oral dose of
RIL787 and fed to cats and dogs, the cats and dogs developed no symptoms of poisoning
(Peardon, 1974),

After extensive evaluations in the United States, the EPA registered two formula.
tions, One contams two pereent RH-787 in 4 kait for control of Norway rats, roof rats,
and house mice, The second isa 1077 tracking powder for house mice.

Gliftor .

A rodentivide called gliftor is being used for control of rodents (Microtus species)
in the Soviet Union. Gliftor is a mixture of two liquids - - 1, 3-difluoro-2-propanol (DP,
the active inpredient) and I-chloro-3-fluoro-2-propanol. Gliftor has an evaporation rate
higher than that of water (Granovskii ef el., 197] ), and inhalation of its vapors can cause
disorders of the central nervous system and cellular components of the blood in experi-
mental animals (Fkach eral, 1971). There is considerable variation in its toxicity among
species. The acute oral LDsq in albino mice is 330 mg/kg, and treatment of adult male or
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female mice results in increased mortality of the olfspring (Tattar, 1973) Its intraperi-
toneal LDsg (mg/kp) is 165 in mice; Y6 m rats; and 7.6 in rabbits ( Thach, 1974) Oral
doses of 9 mg/kg or less are lethal to species of Mrerone (Pepelman and Ivanov, 1973),

The mechanism of action has not been discussed, but from its chemical structure
it is conceivable that (DP) could be metabolized into fuoroacetic acid by the Tollowing

steps:
FCHCHOHCHAE = FCLLCHON > FCHACOUN
(DP) 2louroethanol (Haoraacetic acnd)

[is well known that Huoroacetic acid i very toxic o animals. The wide range in
toxicity of gliftor perhaps depends on whether animals have the biochemical mechanisms
to convert it to fluoroacetic acid.

At the DWRC faboratory, feeding tests i made alino tas with a ban contanimg
one percent DP as the sole source of food resulted in 907 mortality in two to five days.
Animals were prebaited for one and offered and treated bait on the second and thind
days. As compared wath preba comsurapiion, the consumption ol treated bait dropped
77 on the fust day and alniost one hundied on the second davs. i he poor aceeptance
of treated bait on the tise davomdicated that DP as nor palitabic, o that sublethal
symptoms develop rather quichly Sviuptoms of tovieny were observed utter the tist
feedimg ot treated hair,

Difenacoum and Brodifacoum

Within the past tour years, three anticaagulants huve been developed that may have
important implications for the use of chronic todenticdes. The istoneal development
of two of these chemicals, difenacoum and brodifacomm, can be traced back 1o com-
parative anticoagulant studics conducted i warlarin-resisaint 1ats in whichot was found
that coumatetralyl was more effective than warfann (Gremes cnd Avres J969) In what
can be considered as a basic upproach 1o the study of the swarfarin-resistant problems., it
was observed by Hadler and Shadbold (1973} that chemical modihcations of the -
hydroxy conmarin side chain might produce chemicals that wonhd be effective apiinst
resistant rats, As a resttlt of their investiations, 25 chiemicals wepe sy nthesized anid both
difenacoum and brodifacoum were shown (o be very etfective i nopeal and anticoagu-
lant resistant rats,

Difenacoum and brodifacoun are vers ellective sinple dose rodenticides i wild
Norway and riceficld rats (Table 8), Broditucoimm has a potensoy Lactor ahout 1O tmes
greater than that of difenacoun,

In 1975 the DWRC conducred feeding tests with esistant will Norway rats sup-
plicd by Dro Al Bowerman, New York State Rodent Control Bt The reastant rats
had survived feeding tests mowlhinch thiey consumed 15 10 08 meke of warlann Nonsesia -
antorats were obtamed from a colony mamimned a1 the DWRC Indiveanadiy - caped rats
were ottered aample cup contamnme 30 1 ot oatimeal bant teated wiih 000 dilenicoum
for six consecutive nights. Cups were replenished daily with freshe bait and food con-
sumption was recorded, Two proups of rats cotaisting of cight nonresistant and eipht
resistant rats were tested, Fach gronp comprised fom nales amd toun Temale . 1 here was
FOO cmortahty i both groupaowathin tve to et day s alter exposure o the treated baat
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Table 8 Acute, single oral Lhgg bug/kg) of difenacoum and brodifacoum in rat: .

Difenacoum Brodifacoum
Common name — Sex LDsg (Days to Death) LDso  (Days to Death)
T e —
Wild Ny Male %) 3-0 0.2& Ny
Fenmsle 3.5 0-10 0.22 5-10
Riceticld Male 7.0 510 0.8 6-7
Female 2.5 415 0.19 5.9
e __~_~___~_\h.ﬁ\_~\,*“__

The nonresstant rats consumed 6.5 (o 143 mg/kp of difenacouns, and the resistant rats
71 to RO g ke These data <hiow that difenacoum s very effective against resistant
ratsc espevally when one considers (e high doses of warfarin that did not kill the re-
sistant rats,

Hadler eral 1oy e reported that difenacoum was very effective in Norway
s, but then dary mndicated thar g mipht not he frotent enough for the control of resis-
Lent e

Rodertiowle charcterisetios of difenaconm were summarized by Bull (1976). Both
luboratore und rield tials demonstrated that it produces effective control in several pest
species, meledine o mice and wild Notnway, ricefield, Polynesiun, and Nile rats, Dife-
Hacotm budts otfer o lyree marein of safety for domestic animals such as dogs, cats, and
chickens, and iy seeondury toxicity i probably no greater than warfarin to nontarget
species. Vitinn K1 s g cHectine anndore, Laboraty feeding tests have shown that
difenacoum is effective apinst the fesser handicoog rat, the short-tailed bandicoot rat,
and the Indiay el (Greaves amd Reliman, 1977).

Bromadiolone

Broniolone alo has uque rodenticide propertices, Chemically it s similar to
both ditenacour and Brodiacoun, and 11w aho hishly toxic to rodents in single oral
doses I wenre ol | Pagy 1o hetiv male and terale wald Norway 1ats s | 4 mg/kg; maor.
Liltties occi m tour 1o et s, Bromadiolone i 4.0 clamed 1o be effective in war-
Fatmvresistani cats bt it b on heep tested ayinst resistant qats at the DWRC,

A patred-preferen, o feeding test i wild Norway ruty was v y effective with g
commeraal bt contimmg 0 005 percent (Fable 9 The one male tha survived the test
e S ot emed bait on the 1ot test-day but onlv small amounts (average of less
than O3 vy an Later davs, Eaeept for the fournn day, when only ueated bait Wis con-
stmed e ied b HRIIPHen was 20 o TS @ per day, 1 would appear that this
antal cued” anro the teared by andd developed bant shyness.

Bromadiolone i, beiny considered for resistration by the FPA and is being marketed
in Franee,
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Table 9. Results of six-day free-choice feeding tests of wild Norway rats with 0.005%
bromadiolone in oat groals baits.

Time to Bait caten, g, mean (range) Chemicel consumed,
Sex Mortality dcath

(davs) Treated Untreated  mpfkp, mean Granpe)
Mule 9/10* 0-8 53.87 (16.7-70.9) 19,03 (4.2-54-9) 749 (3.6-11.1)

Female 10/10 6-10 SLO4 (3400-65.2) 13,13 (57284 992 (1.8-14.4)

*The sole survivor ate 15 g of treated bait containing the equivalent ot 3,6 my/kp bromadiolone on the
4th test night, but insignificant amoums on earlicr or Later days.

SUMMARY

Within the past 10 to 15 years, several todenticides have been added to the arma-
mentarium of chemicals that can he used to control dumape caused by vertebrite pests,
Some formulations of older rodentivides were improved, but major research was also
conducted to develop new chemicals, A red spull formalation known as stabilized scil-
liroside was demonstrated in both Tuboratory und field tests to be more effective than the
older product known as fortitied red squill, In attermpts to increase the aceeptability of
norbormtide, it was iictocncapsilated; however, this technique did not increase its
effectiveness, Relatively new acute rodenticides include NK-15561, phe acetim, UK-787,
RH-787, and gliftor. The use of phosacetim has been discontinued. NK 15501 is used in
Japan, and RII-787 is registered in the United States. UK-7806 was tested only in the labo-
ratory, where it was found to be highly toxic to only Norway rats. Glittor was developed
in the Soviet Union and is toxic to voles, Culetterol was developed to be incorposated into
warfarin baits to kill anticoagulant resistant rats, The use and need of a caleiferol-warlurin
combination is being repiaced by the newer anticoagulants difenacoum, and brodifacoum,
and bromadiolone, which are effective against anticoagulant-resistant rats. Although it
takes several days for the animals to die, these tiee anticoagulants are elfective in single
doses,
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Appendiv i Common sciengific hamesanentioned in the test or tables,

Commaon Name

Pigeon

Chicken

Dobwhite qinl
Coturnis quail
Great-bormed owl
Barn ow]

Red-tailed hawk
Golden caple

Marpie

Starling

Redawinged Blackhind
Brown-headed cowhirg

House spareow

Wild Norway rat

Roof (black) ray
Riceficld rat
Polvnesian ra

Nile rat

House monge

African white-tailed
Lesser handicool iy
short-tailed bandicoot rat
Cotton 1

Deer motine

Japanese ficld vole
Pine vale

Fanparan 1

Gerbil

Indian perhil

200

Scientific Name

Birds

Colunbia livig

Crulles domestieny
Colinus virvinianus

Cotmiv conrmiy Juponica
Bubao viveinianus

Iv10 alby

Butco jumaiconsiy

Aguila clirvsactos

lica pica

Strrnues vulvaris

Agclaius phoeniceny
Molothrus arer

Lasser domesticus

Mammals
Rattus norvegicus

R, ruttus

Roromindanensis; R argentiventer

R, exuluns
Arvicanthis niloticuy
Mus muscuius
Mystromys albicandutis
Bundicota bengalensis
Nesokia indica
Sigmodon lispidies
Perontyseus sp,
Microtus montebelli
M, pinetonan
Dipodomys ordii
Meriones unguiculatus

Taferia indica
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Pocket gopher Thomompys sp.; (leomys sp,
Ground squirrel Spernviophiius sp.

Rabbit, domestic Oryetolagus cunicudus

Juckrabbit Lepus californicus
Cat felis catis

Dog Cunis funitiaris
Coyote Canis lutrans
Rhesus monkey Macaeca mudat u
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