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THE CHRONIC ORAL TOXICITY OF THREE ANTICOAGULANT RODENTICIDES
TO RATTUS RATTUS
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This study reports the comparative toxicities of three anticoagulants to Rattus rattus rufescens in Pakistan, and
describes a simple method to determine the toxicities. A nochoice, 4-day feeding test with small groups ( 3 or 4 males,
3 or4 females) of rodents was used. By varying the concentrations of active ingredients, a value for the 4-day LC,, and
LC j;can be statistically estimated from mortality data using probit analysis. The 4-day approximate lethal dose (ALD;
and ALD, ) also can be derived. Brodifacoum proved the most toxic, followed by bromadiolone and coumatetralyl,
giving 4-day LC,'s of 1.8, 2.1 and 19.6 ppm respectively and 4-day LC,'s of 8.4, 10.1 and 126.4 ppm respectively.
These values indicated that R.r. rufescens from Rawalpindi are susceptible Lo the three anticoagulants at recommended

field concentrations.

Key words: Anticoagulant rodenticides, Toxicity, Lethal concentration.

Introduction

The new "sccond generation' anticoagulants have
stimulated considerble interest for rodent control programmes
because they are much more toxic to rodents than the other
anticoagulants. Brodifacoum, the most toxic, has been
proposed for use against a rodent population once a week for
3-treatments. Dubock [3] found that brodifacoum was as
effective as zinc phosphide when offered for one feeding. The
amount of anticoagulant bait consumed, however, necds to be
much greater than the required for zinc phosphide.

Although studies of the toxicities of several "second
generation" anticoagulants to R.rattus have been conducted,
basiccomparative toxicity information is limited. Brodifacoum
studies were reviewed by Kaukeinen and Rampaud (8].
Bromadiolone against R.attus was studied by Hoppe and
Krambias [7] and Redfer n and Gill [10]. Coumat ctralyl was
studicd by Girish et al. [ 6] and Chopra and Parashad [2].

Acute oral LD, d cterminations sometimess have been
done with anticoagulan (s but these are not always appropriate
for slow-acting chro nic poisons [1]. The World Hcalth
Organization's protxol [11] for dctermining bascline
susceptibility of rode:nts for anticoagulants is time consuming
and requires a large ‘number of test animals, Feeding "second
gencration” antkicoagulants at recommended ficld
cOneentrations qu ite often results in complete mortality with
onc or two days ficeding, rendering the comparat.ive toxicity
information of I'imited value.

The meth od used here was to compare the toxicitics of
brodifacoum, bromadiolone, and coumatetraly'l to R.rattus
refescens using a progression of very small co ncentrations
(1.25, 2.5, 5, 10, 20 ppm ectc.) of the poisons. These were
offered no choice for 4 days, a time period ¢ luring which
rodents usually cxhibit normal daily food intak e.

Materials and Methods

Wild roof rats, R.r. rufescens were captur ed from grain

shops in Rawalpindi, Pakistan. They were indiv idually caged
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and acclimated to laboratory conditions for 3 weeks. Rats
were provided a diet of poultry mix and frec access to water.
Rats were weighed to the nearest 0.1 g at the start of the trial.
Test groups of three or four males and three or four females
were formed. On test day, they were given broken rice mixed
with 1% corn oil and the anticoagulant rodenticide. Following
testing the rats were observed daily for 30 days for bleeding
and mortality. All dcad animals were necropsied to verify
dcath from hemorrhage.

Concentrated anticoagulant was as supplied by the
manufacturcrs: Coumatctralyl as a 0.75% powdered
concentrate, brodifacoumasa0.25% concentrate in propylenc
glycol, and bromadiolone as a 1% powdered concentrate.
These were diluted to the desired concentrations and mixed
into the broken rice with 1% (by weight) of com oil. These
dicts were offered to the rats in a no-choice test for 4 days.
Each anticoagulant was given in concentrations half or double
that of the previous offering, depending upon mortality.
Concentrations were offered until a level was rcached that
resulted in 100% mortality. Food cups were weighed to the
ncarest 0.1 g at the beginning and end of the 4-day exposure
period. All spillage was recovered and weighed. At the end of
the test, animals were returned to a plain rice diet. The 4-day
LC,, and LC,, was dctermined using probit analysis [5].
Likewise, a 4-day approximatc lethal dose (ALD,, and
ALD,,) was determined by the same method using the mean
intake of active ingredicnt by cach test group.

Results

Data on the observed mortalitics, mean doses of active
ingredients consumed, and mean day to death are summarized
in Table 1. Brodifacoum clearly was the most toxic of the
thrce materials offered to R.r. rufescens. Bascd on 4-day
LC,'s and 4-day ALD,,'s brodifacoum was approximately
1.2 times more toxic than bromadiolone and 9 to 15 times
morc toxic than coumatctralyl (Table 2 and 3). The mcan day
of death was delayed for brodifacoum and bromadiolone at
lower doscs, with some animals dying up to 26 days from first
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TABLE 1. ANTICOAGULANTS, CONCENTRATIONS USED, AND
MORTALITY IN RATTUS RATTUS WHEN FED NO-CHOICE FOR
4-DAYS.

Anticoagulant Mortality Dose of a.i. consumed

and concen- No. dead/ (mg/kg)
tration Minimum Maximum Mean day
ppm tested  Mecan tokill survived of death

Brodifacoum

0.625 2/6 0.12 0.13 0.15 25.0

125 1/6 026 0.28 034 15.0

235 2/6 057 0.6 0.68 23.0

5.0 6/6 14 1.06 ~ 7.2
10.0 8/8 32 2.64 - 7.2
20.0 6/6 6.0 3.50 - 6.3
40.0 6/6 9.6 4.70 - 7.0
Bromadiolone

0.625 1/6 013 0.14 0.17 28.0

1.25 2/6 027 0.20 0.39 22.5

25 2/6 061 042 0.93 16.0

5.0 5/6 14 1.05 1.12 7.6
10.0 6/6 33 271 - 93
20.0 6/6 54 4.53 - 8.3
40.0 6/6 11.7 10.60 - 10.0
Coumatetralyl
5.0 1/6 1.2 0.89 1.86 4.0
10.0 2/6 3.0 3.00 336 24.5
20.0 5112 45 248 7.34 8.0
40.0 4/6 83 4.62 11.84 10.2
80.0 6/6 122 8.00 - 10.0

TABLE 2. ESTIMATED FOUR-DAY LETHAL CONCENTRATIONS AND
95% FipuciAL LiMit (PPM) OF THREE ANTICOAGULANT
RODENTICIDES FOR RATTUS RATTUS.

Anticoagulant Lethal concen-  95% Fiducial limit
- tration (ppm)  lower upper
Coumatetralyl LC, 19.6 9.8 383
LC,, 1264 54.7 460.8
Bromadiolone LC,j 2.1 1.1 3.7
LC, 10.1 53 634
Brodifacoum  LC,, 1.8 0.9 3.1
LCy 8.4 4.5 472

TABLE 3. ESTIMATED APPROXIMATE LETHAL Dosgs (ALD) IN
mg/kg FOR THREE ANTICOAGULANTS

Anticoagulant Approx.lethal 95% Fiducial limit
dose mg/kg Lower Upper
Coumatetralyl ALD,, 44 2.3 7.8
ALD, 220 - -
Bromadiolone ALD,; 0.51 0.24 0.94
ALD 3.0 145 21.3
Brodifacoum  ALD, 041 0.19 0.75
ALD,, 24 1.15 15.8

exposure with brodifacoum and up to 28 days with
bromadiolone. For coumatetralyl, there was delayed death in
individual animals at all concentrations except at S ppm. One
animal died 35 days after the first exposure to the 80 ppm
level.

The lowest Iethal dose for coumatetralyl, bromadiolone,
and brodifacoum was 0.89,0.14,and 0.13 mg/kg, respectively.
The maximum dosc survived was 11.84 mg/kg for
coumatetralyl, 1.12 mg/kg forbromadiolonc,and 0.68 mg/kg
for brodifacoum. There was no difference in mortality
between sexes when poisoned with coumatetralyl. Males
dicd in greater numbers than females on both brodifacoum
(77.3% dead vs. 63.6%) and bromadiolone (76.2% dead vs.
57.1%) but the difference were not statistically significant
(x=0.982 and 1.714, respectively).

Discussion

The toxicity toR.r. refuscens of the three anticoagulants
tested in this study compared favourably to results previously
reported in the literature. For brodifacoum, the consumption-
derived ALD,, valuc was 0.40 mg/kg and the minimum Icthal
dosc was 0.13 mg/kg. In comparison, Dubock and Kaukeinen
[4] reported an acute oral LD, value of 0.65 mg/kg for fcmale
R.rattus and 0.73 mg/kg for malcs, and Mathur and Prakash
[9] report 0.77 mg/kg for both sexcs.

The accuracy of the ALD,; valucs are limited because
we had no way of knowing how much more toxicant would
havc been consumed than was necded to produce death. The
method of calculation used here tends to over-cstimate the
ALD,, values. When comparing anticoagulants, the LC ; and
ALD, arc more reliable indicators of the relative differences
between rodenticides with regards to field use. This is because
baits arc designed to kill all the rodents. A comparison of the
LC,; of brodifacoum with bromadiolonc showed it was 1.2
times more toxic. Comparcd with coumatetralyl, it was 15
times more toxic.

Considcrable variation apcars Lo cxistin the susceptibility
of R.rattus to bromadiolone. In our study, the minimum Icthal
dose of bromadiolone was 0.14 mg/kg and the maximum dose
survived was 1.12 mg/kg, with 100% mortality achicved at
0.001% and 0.002%.Redfcrnand Gill [10] found that R.rattus
from the United Kingdom survived doses of bromadiolone
ranging from 1.1 mg/kg to 13.4 mg/kg, givenover 1 to4-days
periods and achicved 100% mortality only after 5 days,
feeding on 0.005% bromadiolone. Hoppe and Krambias [7]
reported 100% mortality of R. rattus after 1 day's feeding on
0.005% bromadiolone in Cyprus.

R.r. rufescens from Rawalpindi appear to be more
susceptible to coumatetralyl than the same species in India.
In our study , coumatctralyl gave 100% mortality in 4-days
feeding at the 80 ppm concentration, well below its ficld use
rccommendation of 375 ppm. The ficld concentration is based
on the Icast susceptible pest rodent, which is the house mouse.
It is not surprising, therefore, that R. rattus is susceptible to
lower levels. In contrast, in India, Girish ez.al. [6] achicved



220 J. E. BROOKS, E. AiMAD AND I. HussAIN

100% mortality only after 13 days of no-choice feeding on
250 ppm poison and Chopra and Parshad [2] obtained 100%
mortality after 10 days of feeding on coumatetralyl at 375
ppm.

R.r. rufescens from Rawalpindi appearcd to be quite
susceptible to the three anticoagulants tested. Rodenticidal
baits containing 50 ppm of brodifacoum and bromadiolone
and 375 ppm of coumatetralyl should be more than adequate
for field use in Pakistan to control R, rattus in houscholds,
stores, and godowns.

This study indicated that simple and rapid test protocols
canbe used to compare toxicities of anticoagulants to rodents.
The feeding test protocol used here is not nearly as accurate
as stomach intubation of graduated doses but doses not
require the skills and sophisticated equipment. Also, it can be
done using rodenticide concentrates instead of technically
pure rodenticides. This does not imply that this method can
replace the use of stomach intubation, because it does not have
the accuracy of stomach gavage, which is a much better
method where accuracy is desired.

The test method yields minimum doses needed to kill
and maximum doses survived. If larger numbers of animals
had been used per group, the minimum dose to kill would be
smaller and the maximum dose survived would be larger.
Accuracy would be improved with larger number of animals,
but this partly defcats the simplicity of the test protocol.

The method gives the concentration of the active
ingredient needed to achieved complete mortality in 4 nights
of feeding. The testing could be shortened intoa2 or 3 day test,
but a 4 day period tends to provide better data if animals are
slow torespond to the dict. The results would differ from those
presented here in percent mortality and mean intake of active
ingredient, because of the shorter feeding periods. All that is
required is to define whethera 2, 3 or 4 day LC, and LC, is
described.
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