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The comparative rodenticidal effectiveness of
several anticoagulants to laboratory
rats and mice

Ikuo Tanaka®, Yasutada Ito* and Hisako Shigeta™

The development and use of anticoagulant
rodenticides within recent years has provided
an effective countermeasure to the ever in-
creasing rat population. At present, several
anticoagulant rodenticides have been used
advantageusly in Japan, but it must be
pointed out that lttle cosideration has been
paid regarding their individual characteris-
tics.

Bentley et al.? as well as other investiga-
tors®®® have shown differences in roden-
ticidal activities of anticoagulant chemicals
when evaluation was made by the bait method.
This report presents the results of comparative
experiments aimed at discernment of differen-
tial effctiveness among some anticoagulanis
inclading two recently introduced chemicals,
diphacinone and chlorophacinone, by an oral
administration method.

Materials and Methods

The laboratory animals used in this test
were male dd-strain mice and Wister-strain
rats, weighing 17 to 22g and 95 to 150g,
respectively. In both tests, one group of
ten animals was used at each dosage level
of test compounds which were prepared as
suspensions in 1.5% carboxymethylcellulose
(CMC). Acute toxicities were determined
following a single oral administration employ-
ing a stomach catheter, and mortality was
observed over the next 10 days.

In subacute toxicity tests, similar admin-
istration of a smaller dose was repeated
once a day for 10 days or uatil all animals
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died, and the daily mortality was recorded
for 20 days after administration of the in-
itial dose.

Each rodenticide was tested at dosages of
2.5, 10 and 25 mg/kg/day in mice, and 0.25,
1.0, 2.5 and 10.0mg/kg/day in rats. The
chemicals under evaluation were the fol-

lowing : :
warfarin 3-a-acetonylbenzyl- 4-
- hydroxycoumarin

coumatetralyl 3-(a-tetralyl)-4-hydro-
xycoumarin

fumarin 3-(a-furyl-g-acetyl)
ethyl-4-hydroxycoum-
arin

diphacinone 2-diphenylacetyi.1,
3.indandione

chlorophacinone  [(chiora-d-phenyl) 1

phenyl 1] acetyl 2
dioxo-1, 3-indandione

Results

Acute toxicity following a single dose. The
dosage-mortality relationships for the 5
compounds in mice are presented in Fig. 1.
Among the chemicals tested, the 2 indandi-
ones were more effective than the 3 coumarin
derivatives. Lethal dose fifty (ILDso) values
were about 250 mg/kg for chiorophacinone
and approximately 300 mg/kg for diphaci-
none, while those for warfarin, fumarin
and coumatetralyl were estimated to be
about 700, 700 and 950 mg/kg, respectively,

Fig. 2 shows the mortality in rats. None
of the 5 chemicals showed typical dosage-
mortality curves. Mortalities observed at
the tested dosages were greater than 50%
for the indandiones, while warfarin, fumarin
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Fig. 1 Acute toxicities of 5 anticoagulants
to male mice.

and coumatetralyl did not display a clear
correlation with administered dosages.

Subacute toxicity following daily admini-
stration. Ezperimental results seen for mice
are presented in Table I and those for rats
are given in Table 2. When administrations
were conducted daily over a 10 day test
period, high mortality ranging irom 90 to
1009% were. observed for all 5 chemicals at
dosages of 10 and 25 mgfkg. However, when
the the dosage was reduced to 2.5mg/kg,
mortality declined to 50% for warfarin and
fumarin, and 309% for coumatetraiyl; in
contrast, mortality was 70% for chloropha-
cinone and 100% for diphacinore.

Initial mortality in mice was observed cn
the 3rd or 4th day following the first admi-
nistration at a dosage of 25 mgfkg, and a
similar tendency was observed even for lower
dosages.

In comparison to the results shown for
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Fig. 2 Acute toxicities of 5 anticoagulants
to male rats.

mice, dosages exceeding 1mglkg produced
100% mortality in rats for all 5 chemicals,
while 0.25 mg/kg had the same effect for the
2 indandiones and coumatetralyl. On the
other hand, only 40% mortality was ob-
served for warfarin and no deaths were
observed for fumarin, Similar to the case
in mice, the first mortality in rats was
ohserved on the 4th day at several dosages,
but delayed mortality was observed in a few
cases. These results are summarized in
Table 3 and the time (day) of 50% lethality
is shown in parenthesis.

Discussion

The acute toxicities obtained in the present
study were rather low in mice for both
coumarin derivatives and the indandiones, .
whereas those seen for rats were remarkably

- high, although these values may. greg'tly-_-
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Table 1 Cumulative mortality in mice following daily administration of small doses of
) 5 anticoagulants

Day following initial anministration

- dosage mortality
rodenticide

wg/kg/day 1 2.8 45 6 7 8 9 10 11-20 %)

2.5 0 0 0 6 1 1 3 4 4 4 5 50

warfarin 10.0 6 0 0 1 3 6 8 9 10 106

25.0 8 0 0 1 & 7 7 8 9 9 9 S0

2.5 g 0o 0 0 1 & 2 2 3 358 5 50

fumarin 10.0 g 0o ¢ 0 4 7 7 8 8 @ 9 90

25.0 0o ¢ 0 2 3 7 8 &% 10 160

2.5 o ¢ 0 ¢ ¢ 0 1 1 1 2 3 30

coumatetralyl 10.0 0O 6 0 0 ¢ 4 5 7 8 8 8 80

25.0 6 0 0 ¢ 3 5 7 7 8& 10 100

2.5 0 0 0 2 4 4 4 5 5 5 ¥ 70

diphacinone 10.0 0 0 ¢ 4 7 8 9 10 100

25.0 c 6 1 2 5 6 7T 9 9 9 10 100

. 2.5 6 0 0 0 3 6 7 7 8 10 100

chlorophacinone 16.0 0 0 0 G 5 8 8 8 9 9 9 Q0
25.0 0 0 6 0 3 & 8 8 9

10 160

Table 2 Cumulative mortality in rats following daily administration of small doses of
5 anticoagulants

Day following initial administration ;
rodenticides dﬁ?a’%f g ‘ me(rg/a)hty
mg/kg/day I 2 8 4 5 6 7 8 9§ 10 11-20 o
0.25 o 0 ¢ 0 0 0 1 1 2 2 4 40
i 1.0 0 0 0 0 3 8 10 100
warfarin
2.5 0 0 ¢ 1 7 9 10 160
10.0 0 6 0 2 6 8 9 10 160
Q.25 o o 0 ¢ 0 0 0 ¢ 0 O 0 0
, 1.G 6 0 0 0 1 5 8 9 9 9 10 100
fumarin
2.5 0 0 0 0 4 5 8§ 10 100
10.0 0O ¢ 0 2 6 8 10 106
0.25 0 0 0 0 4 7 8 % 9 9 10 100
1.0 O ¢ ¢ 0 6 9 9 19 : 1400
coumatetralyl
2.5 0 0 ¢ 1 6 7 10 100
16.0 0 0 0 &8 7 9 10 100
0.25 0 0 0 1 &t 5 6 6 & & 10 100
. . 1.0 ¢ 0 0 1 5 7 9 10 100
. diphacinone
2.5 ¢ 6 .0 1 4 6 8 10 : . 100
10.0 g 0 6 1 8 9 10 o 106
0.25 0 0 ¢ 0 1 7 10 ' ) 160
chlorophacinone 1.0 00 0 17 9 910 160
2.5 0 0 0 ¢ 6 8 10 160
10.0 0 0 0 4 7 10 100
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Table 8 The LD50 values™ for five anticoagulants

- single dose daily dose (mg/kg/day)
rodenticides *2 -
(mg/kg) 95.0 10.0 2.5 1.0 0.25
' . M 2750 100(4)#8 45(4.5) 25(11)
warfarin .
: R 10170 35(3.5) 8.75(3.5) | 4.5(4.5) 2.5<(20<)
s \ M =700 112.5(4.5) 45(4.5) 22.5(%)
- fumarin
R 10170 35(3.5) 12.5(8) 5.0{(5) 2.5<(20<)
coumatetralyl M =x9H() 125(5) 60(6) 25<(20<)
R 16—-170 25(2.5) 8.75(3.5) 3.5(3.5) 1.125(4.5)
diphacinone M 200 ) 100{4). 35(3.5) 17.5(7)
R 10> 35(3.5) 11.25(4.5) 4.044) 1.25(5)
chlorophacinone M 250 112.5(4.5) 40(4) 11.3{4.5)
R 10> 35(3.5) 8.75(3.5) 3.5(3.5) 1.125(4.5)

*1 : The values for daily dose indicate the accomulated dosages which gave 50%death in the animals

tested.
*2 1 M-mouse, R-rat

*3 : The numbers in parenthesis indicate the day on which 50% mortality occurred.

differ according to investigator as cited in
Kusano®™. The high toxicities shown in rats
may indicate that even a single intake of
bait treated with these chemicals can cause

death. However, further testing is required

in order to more clearly establish values
for the LDy,.

In the subacute testing, indandiones were
more effective than the coumarin derivatives
in both rats and mice. In tests with mice,
the LD did not show sharp delineation
since values were 4 to 4.5 days at dosages
of 2.5, 10.0 and 25.0 mg/kg/day, while that
of diphacinone at the lowest dosage was
extended to 7 days. This delay in mortality
was also observed for other chemicals show-
ing values as follows: 9 days for fumarin
and 11 days for coumatetralyl at dosages of
25mglkg ;" 6 days for warfarin at 10 mg/kg
(only 40% of the test animals died). Thus,
it was shown that for a dosage of 2.5mg/
kg/day, attainment of 50% mortality excee-
ded 10 days.

In the testing on rats, the time reguired
to produce 50% mortality was shown to be
3.5 to Sdays at each dosage, while the
dosages required to produce 50% mortality
were one-tenth or one-hundredth less than
those required in mice,

Comparison regarding the difference of

effectiveness between single and repetitive
administration illustrated severai points.
First, chlorophacinone and diphacinone were
shown to be the more potent rodenticides of
the chemicals tested irregardiess of the admi-
nistration schedule. Also, coumatetralyl
given to mice was the least effective of the
5 chemicals studied; however, when given
to rats, it demonstrated nearly the same
effectiveness as the indandiones. On the
other hand, some of the coumarin deriva-
tives exhibited a delay in lethality in the
lower dosage range for the 10 day test.
Mortality failed to-attain a value of 50% at
lower dosages in the same test. These
resufts may indicate a threshold concentra-
tion for these chemicals.

Acknoﬁledgement

The authors wish to express appreciation to
Dr. Ogata, the head of the Pepartment, for his
valuable suggestions and to the companies con-
cerned for their courtesy in supplying the
experimental chemicals.

Refferences

1} Bentley, E. W. and Yvonne Larthe: The
comparative rodenticidal efficiency of five
anti-coagulants. Hygine. 57(2) : 135-149, 1959,



o a e

108 B O® ok B
2) Saunders, J. P., Heisey, 8. R., Goldstone, A.
D. and Bay, E. C.: Comparative Toxicities
of Warfarin and some 2-Acyl-1, 3-indandiones
in Rats. Agr. Food Chem. 3{9) : 762-765, 1955,

3) Hayes, W. 1. and Gaines, T. B.: Laboratory
studies of five anticoagulant rodenticides.
Publ. Health Repts. 74(2) : 105-113, 1959,

4) Rowe, F. P. und Redfern, R.: Comparative
toxicities of the two anti-coagulants, cowma-
tetralyl and warfarin, to wild housemice
{Mus musculus L.). Ann. Appl. Biol. 62 : 355~
361, 1968.

5) Kusano, T.: The toxicty of diphacinone (2-
diphenylacetyl-1, 3-indandione) to laboratory
rats.and mice. Jap. J. Sanit. Zool. 24(3) : 207~
218, 1974. '

HREoELEReReso B IU
F v MoxE D ¥k

MRS - PUERINE - HEKT
(B AR & e v & — RETE D)

CERERERO AT 7 VY, Ty, FF T

i3 No. 2. 1975

Ui, B4 750w, yua?yi ) wORBHG3
%@T%tw,?¢2,5yb§mwf,%%$#%K
T, EOAME L CHAK (10 BEEEEE
B) e RBREACHEAL

WEROBE L, T MeET38AN T 22k
BEILY G, RMETEHEEF ORCHE, R AEe
IO ET Shic, $, Sk EREXY, 4
FoPd vROLORy <) VEROLOLVECWETY
RL%. FIREORN LB LARE, (8 Yy
Fomoofizid, ERRDERRboB, Sl
FOBEMIIBWTIR, sYRRBATEGOZ 2N K
WA URERP o7 =F FF VAR, o by
T HEAERN TR, 4 v v PA LEOLO L%
HMhERLE.

BAMSIIC X 2R, A ¥ PFrROLOT

ARS R, FU VB0 b OTE, vPR g

EBWTR, 7vF I3 0AKRIHEBREY, 2.5~10
me/kg, 5y FRBWTHTZ Y Y, TATy Y
CLEHED 0.25~1.0mg/keg ThHB IO KBbRIE.




