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This study reports the comparative toxicitics of threc anticoagulants to Rattus rattus rufescens in Pakistan, and
describes a simple method o determinc the toxicities. A nochoice, 4-day feeding test with smail groups (3 or 4 males,
-3 or 4 females) of rodents was used. By varying the concentrations of active ingredicnts, a value for the 4-day LG and
LC  can besiatistically 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 indicaied that R.r. rufescens (rom Rawalpindi are susceptible to the three anticoagulants at recommended

ficld concentrations.
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Introduction

The new “"sccond gencration' anticoagulants have
stimulatcd considerblc interest for rodent control programmes
because they arc much more toxic to rodents than the other
anticoagulants. Brodifacoum, the most toxic, has becn
proposcd for use againsta rodeat population once a weck for
3-trcatments. Dubock [3] found that brodifacoum was as
effective as zinc phosphide when offered forone feeding. The
amount of anticoagulant bait consumed, however, necds tobe
much greater than the required for zine phosphide.

Although studies of the toxicitics of scveral "sccond
gencration” anticoagulants o R.rattus have been conducted,
basiccomparative loxicity information is limitcd. Brodifacoum
studies were reviewed by Kaukeinen and Rampaud [8).

Bromadiolone against R.ratus was studicd by Hoppe and .

Krambias [7] and Redfemn and Gill [10]. Coumatctralyl was
studicd by Girish et al. [6] and Chopra and Parashad [2].

Acute oral LD, dcierminations sometimes have been
donc with anticoagulants but thesc are not always appropriate
for slow-acting chronic_poisons [1]. The World Hcalth
Organization's protocol [11] for dctermining bascline
susceplibility of rodents for anticoagulants is time consuming
and requires a large number of test animals. Feeding "second
gencration”  anticoagulants at rccommended ficld
concentrations quitc often results in completc montality with
onc or two days fceding, rendering the comparative toxicity
information of limitcd value.

The method used here was o comparce the loxicitics of
brodifacoum, bromadiolonc, and coumatctralyl to R.rattus
refescens using a progression of very sinall concentrations
(1.25, 2.5, 5, 10, 20 ppm e(c.) of the poisons. These were
offered no choice for 4 days, a time period during which
rodents wsually cxhibit normal daily food intake.

Materials and Methods
Wild coof rats, R.r. rufescens were capturced from grain
shops in Rawalpindi, Pakistan. They were individually caged
*Vencbrate pest control project, NARC, Islamabad, Pakistan.

and acclimated o laboratory conditions for 3 wecks. Rats
were provided a diet of poultry mix and frec access to waler.
Rats were weighced to the ncarest 0.1 g at the start of the trial.
Test groups of three or four malces and three or four fcmales
were formed. On test day, they were given broken rice mixed

* with 1% comoil and the anticoagulant rodeaticide. Following

testing the rats were obsceved daily for 30 days for bleeding
and montality. All dead animals were necropsicd to verify
dcath from hemorrhagc. .

Concentrated anticoagulant was as supplicd by the
manufacturcrs: Coumatctralyl as a 0.75% powdercd
conccentrate, brodifacoum as a 0.25% concentrate in propylene
glycol, and bromadiolone as a 1% powdered conceatrate.
Thesc were diluted to the desired concentrations and mixcd
into the broken rice with 1% (by weight) of com oil. These
dicts were offcred 1o the rats in a no-choice test for 4 days.
Eachanticoagulant was given in concentrations half or double
that of the previous ollcring, dcpending upon mortality.
Concentrations were offered untl a level was reached that
resulted in 100% mortality. Food cups were weighed to the
ncarcst 0.1 g at the beginning and end of the 4-day cxposurc
period. All spillage was recovered and weighed. Attheend of
the test, animals werce returncd to a plain rice diet. The 4-day
LC,, and LC; was dcicrmined using probit analysis [5].
Likcwisc, a 4-day approximalc lethal dos¢ (ALD, and
ALD,)) was dcicrmined by the same mcethod using the mean
intake of active ingredicnt by cach (est group.

Results

Data on the obscrved mortalitics, mean doses of active
ingredicnts consumed, and mean day todeath arc summarized
in Table 1. Brodifacoum clearly was the most toxic of the
threc matcrials offcred to R.r. rufescens. Bascd on 4-day
LC,'s and 4-day ALD's brodifacoum was approximaltcly
1.2 times morc toxic than bromadiolonc and 9 1o 15 times
morc oxic than coumalctralyl (Table 2 and 3). Thc mcan day
of dcath was dclayed for brodifacoum and bromadiolonc at
lower doscs, with some animals dying up to 26 days from [irst
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ToXICITY OF ANTICOAGULANT

TasiE 1. ANTICOAGULANTS, CONCENTRATIONS USED, AND
MORTALITY IN RATTUS RATTUS WUEN FED NoO-crioicE 1roRr
4-DAYS.

Anticoagulant Mortality Dosc of a.i. consumed

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

Brodifacoum

0.625 2/6 012 0.13 0.15 250

1.25 1/6 026 028 034 15.0

25 2/6 057 056 0.68 23.0

5.0 6/6 14 106 - 72
10.0 8/8 32 2.64 - 72
20.0 6/6 6.0 3.50 - 63
40.0 6/6 9.6 4.70 - 7.0
Bromadiolone '

0.625 1/6 013 0.14 0.17 28.0

1.25 2/6 027 020 039 225

25 2/6 061 042 0.93 16.0

50 5/6 14 1.05 1.12 7.6
10.0 6/6 33 21N - 93
20.0 6/6 54 4.53 - 83
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 3.00 336 245
20.0 5N2 45 248 734 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 LETIAL CONCENTRATIONS AND
95% FiouaaL Livar (ppM) OF THREE ANTICOAGULANT
RODENTICIDES FOR RATTUS RATTUS.

Anticoagulant Lethal concen-  95% Fiducial limit
tration (ppm) lower upper

Coumatetralyl  LC 19.6 98 383
LC,, 126.4 54.7 460.8

Bromadiolonc  LC,, 2.1 1.1 3.7
LC, 10.1 53 634

Brodifacoum  LC,, 1.8 0.9 3.1
LC 84 4..5 472

95

TaBLE 3. ESTIMATED APPROXIMATE LETHAL Doses (ALD) IN
mg/kg FOR THREE ANTICOAGULANTS

95% Fiducial limit

Anticoagulant Approx.lcthal

dose mg/kg Lower Upper

Coumatctralyl  ALD,, 4.4 23 7.8
ALD;, 220 - -

Bromadiolonc ALD_, 0.51 0.24 0.94
ALD, 3.0 1.45 213

Brodifacoum  ALDg 041 0.19 0.75
ALD 24 1.15 15.8

cxposure with brodifacoum and up w0 28 days with
bromadiolonc. For coumatctralyl, there was dclayed death in
individual animals at all concentrations except at S ppm. One
animal dicd 35 days aficr the {irst cxposure to the 80 ppm
level,

The lowcst Iethal dosc (or coumatetralyl, bromadiolonc,
and brodifacoum was 0.89,0.14,and 0.13 mg/kg, respectively.
The maximum dosc survived was 11.84 mg/kg for
coumatctralyl, 1.12mg/kg for bromadiolonc,and 0.68 mg/kg
for brodifacoum. There was no difference in mortality
between sexes whea poisoned with  coumatctralyl. Males
dicd in greater numbers than {cmales 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, rcspectively).

Discussion

The toxicity o R.r. refuscensof the three anticoagulants
tested in this stndy compared favourably to results previously
reported in the literature. For brodifacoum, the consumption-
derived ALD,, valuc was 0.40 mg/kg and the minimum lcthal
dosc was 0.13 mg/kg. Incomparison, Dubock and Kaukeinen
[4] reported an acute oral LD valuc of 0.65 mg/kg for female
R.ranus and 0.73 mg/kg (or malcs, and Mathur and Prakash
[9] report 0.77 mg/kg for both scxcs. :

The accuracy of the ALD,; valucs are limited because
we had no way of knowing how much more toxicant would
have been consumed than was necded to produce death. The
method of calculation used here tends to over-cstimate the
ALD,, valucs. When comparing anticoagulants, the LC s and
ALD,, arc more rcliable indicators of the relative differences
between rodenticides with regards to ficld 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 morc toxic. Comparcd with coumalctralyl, it was 15
times more toxic.

Considcrable variation apcars to cxistin the susceplibility
of R.rattus o bromadiolonc. In our study, thc minimum Icthal
dose of bromadiolonc 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%. Redferm and Gill [10) found that R.rattus
from the United Kingdom survived doscs of bromadiolone
ranging from 1.1 mg/kgto 13.4 mg/kg, givenover 1 t04-days
periods and achicved 1009% mortality only after 5 days,
feeding on 0.005% bromadiolonc. Hoppe and Krambias [7]
rcported 100% mortality of R. rattus afier 1 day's feeding on
0.005% bromadiolonc in Cyprus.

R.r. rufescens from Rawalpindi appcar to bc morc
susceptible to coumatctralyl than the same specics in India.
In our study , coumatctralyl gave 100% mortality in 4-days
feeding at the 80 ppm concentration, well below its ficld use
recommendation of 375 ppm. The ficld concentration is based
on the lcast susceptible pest rodent, which is the house mouse.
It is not surprising, therefore, that R, ratius is susceptible to
lower levels. In contrast, in India, Ginish er.al. [6) achicved
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100% mortality only after 13 days of no-choice fceding 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 0 be quite
susceptible to the three anticoagulants tested. Rodenticidal
baits containing S0 ppm of brodifacoum and bromadiolonc
and 375 ppm of coumatctralyl should be more than adequate
for ficld usc in Pakistan to control R. rattus in houscholds,
stores, and godowns,

This study indicated that simple and rapid test protocols
can be used 10 compare toxicitics of anticoagulantsto rodents.
The {eeding test protocol used here is not nearly as accurate
as stomach intubation of graduatcd doses but doscs not
require the skills and sophisticated equipment. Also, it can be
donc using rodenticide concentrates instcad of technically
purc rodenticides. This does not imply that this method can
replace the use of stomach intubation, because it docs not have
the accuracy of stomach gavage, which is a much better
method where accuracy is desired.

The test method yiclds 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 pantly defcats the simplicity of the test protocol,

The method gives the concentration of the active
ingredicent needed to achicved complete mortality in 4 nighis
offeeding. 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
ingredicnt, because of the shorter [ceding periods. All that is
required is to define whether a2, 3 or 4 day LC, and LC, is
described.
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