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ABSTRACT

Susceptibility of Rattus norvegicus, Arvicanthig nil cug
and Rattus rattus to five different anticoagulant rodenticides
vere studied by feeding free-choice tests. these anticoagulants
were brodifacoum (0.005 %), difenacoum (0.005 %): flocoumafen
(0.005%) and chlorophacinone (0.005%); each as whole wheat grains
bait; in addition to chlorophacincne (0,012 % + sulfachinoxaline
(D.019%) as crushed maize mixed with husks of sun - flower seeds.
The results showed that difenacoum proved to be more effective
against R. norvegicus and Arvicanthis niloticus: chiorophaci—
none/sulfachinoxaline mixture was more effective against A. nilo-
ticus but chlorophacinone and brodifacoum were more =effective
against Rattus rattus : at the recommended dosages. 1hese com~
pounds completely killed the mentioned rats with lowest cumula-

tive dose during the shortest time to death. ©On the other hand,
A. niloticus and Rattus rattus were less susceptible to chlero-
phacinone and difenacoum at the recommended dosage. Therefore.

the recommended dosage of chlorophacinone and difenacoum should
be increased to be more effective against A. niloticus and R.
rattus. It could be concluded that.ail the tected anticpoagulant
rodenticides could be used to control R. norvegicus, A. niloticus

and R. rattus in exceptin of difenacoum and chleoreophacinonse
against R. rattus and A.

niloticus. In other wards . R. rattus
niloticus may have developed resistance to difenacoum and

e -]

and A.
chlorophacinone at the recommended dosage.
INTRODUCTION
Control 6f the rodents is necessary both for economic and
many of different formulated

public Thealth reasons. However .
anticoagulant rodent:cides have been used in rodent control prog-
hing is known in Egypt about the

ramme, 1in Egypt. Almost not
susceptibility of different common rat species to ther anticoagu-

1ants. However. the anticoagulants have been particularly sucfces-
sful 1n controlling Norway rats (Rattus norvegicus) whereas the
roof-rats (R. rattus) are less susceptible (1) ln the Same
respect, difenacoum (0.005 %) by feeding tests was found to be
valuable for controiling warfarin-resistant common rats (Rattus
norvegicus), but 1t was less favourabie against ship rats (B.
rattus) (2). Anticoagulant bromodiolone (0.005 %) 1n laboratory
feeding tests completely k1lled warfarin non-resistant E. [Or¥es
gicus and R. rattus after 1 and 5 days . respectively wWnereas
warfarin-resistant R. norvegicus were all xilled in 4 days and
Brodifacoum (0.005 %) gave

resistant Mus musculus in 12 days (3).
a complete mortality against Rattus rattus , R. norvegicus and

Mus musculus after one day feeding (%) Ship rats (Rattus rattus)
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was found more susceptible to lower concentrations of calciferol
(Vitamin. D2)(5). On the other hand, it was found that. most rats
that have survived six-days feeding are able to survive much

longer periods of feeding on the same concentration of warfarin
(6).

Therefore. this rereach was conducted to study the suscepti-
bility of Rattus norvegicus: Arvicanthis niloticus and Rattus
rattus to five different anticogulant rodenticides in Egyptian
environment.

MATERIALS AND METHODS

I- Tested Anticoagulant Reodenticides:

1- kelerat (0.005 % brodifacoum) as whole wheat grains (red
bait).

2- Ratak (0.005 % difenacoum) as whole wheat grains (deep
green bait).

3- Storm (0.005 % flocoumafen) as whole wheat grains (deep
green bait).

4- Cereal-C (D.0D5 % Chlorophacinone) as whole wheat grains
(red bait).

9= Lepit-E (0.012 % Chlorophacinone/0.019 % Sulfachinoxaline)

as crushed maize mixed with husks of sun-flower seeds {red
bait).

11. Tested Animals:

Thres species were trapped from Abbis area. Norway rats
(Rattus norvegicus) roof-rats (Rattus rattus) and Nile rats (Ar-
vicanthis niloticus).

111. Experiment:

The trapped rots (A. niloticus , R. rattus and R. norvegi-
cus) were individually caged and kept for 7-10 days with adeguate
water and food supply (5). Rats were preconditioned to the test
diet from the time they were caged, and then fed on whole wheat
diet until starting the test. Fresh bait and clean food pots were
Provided daily (7).

Two cups were palced inside the cage, one containing the
non-poison bait (20 gm. whole wheat) and the other cup containing
the poison bait (20 gm). Daily . fresh baits were supplied andéd
the position of the two bait cups were interchanged. Untreated

rats were concurrently caged in separate cages with non - poison
bait (wheat grains).

Five rats from each species were used as one treatment. The
results were recorded daily on bait consumption (poison and non-
poison baits). The total consumption of non-poison and poison
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baits/rat and mean percentage of appetite were calculated by the
following equation {(5).

Mean consumption of choice
non-poison baits
% Appetite = X 100
Mean consumption of non
-poison baits for control

Mean percentage of palatability was determined by the following
equation (3).
Mean consumption ¢f choice
poison bait / 24 hrs.
% Palatability = X 100
Mean weight of choice
non-poison bait/ 24 hrs.

Mortality percentage and death time of each rat were manifested.
The average amount of consumed poison bait in gm/Kg body weight
as well as from active ingrediant in mg/kg were determined. 1N
addition. the LFP50 and LFP98 (lethal feeding perieds) in days.
to obtain 50 and 98% mortalities were recorded on log probit
paper(B)

RESULTS AND DISCUSSION

A- Effect of Anticoagulants on Rattus norvegicus:

The results of the five different anticoagulant rodenticides
against Norway rats (Rattus norvegicus) are recorded in Table 1.
The amounts consumed by the individual rat from different anti-
coagulants were low. The lower amounts consumed from poison baits
may be due to the choice effect with non-poison baits in the same

cage

1r. relation to non-poison treatments. the appetite and pala-
tability of R. norvegicus to anticoagulants were slightly low.
However . Kelerat was found to be more palatable for R. norvegi-
cus whereas Ratak had more appetizing action for this rat.

Concerning the time to death and mortality percent, it was
found that Cereal-C and Ratak poison baits resulted in 100% kill
to the tested rat {R. norvegicus) during 4.2 days (3-5 days
range) and 4.7 days (3-7 days range) , respecitvely. Kelerat
caused 100% mortality during 4.8 days (4-5 days range) . Lepit-E
and Storm cuased 100% kill (40-100 and 20-100% respectively).
during longer time equal to 6.6 (5-B days range) and 6.2 (5-7
days), respectively.

It was observed that Ratak with low cumulative dose (5.25
mg/Kg) caused 100% mortality to the tested rat during short time
to death equal to 4.7 days. Storm with low cumulative dose (9.63
mg/Kg) gave also 100% kill but during long time to death equal to
6.2 days. whereas kelerat with relatively high cumulative dose
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Table (1)r Effect of five different anticoagulant rodenticides on R. Bor vegicus.
T fverage asount
onsused per .
Ky body weight
¥
Aaticoagul ant Concen- Mean  Mean poisoe  Mean non- 1 1 1 sortality Tise to death Aclive
redenticides tration body hait poison bait igays) ingre
weight  consumed consused appe-  Pilata- hait dient
: Range Final Range Hema
Tt (ga)  ige) 1 gt l!l tite “bility (ga) ng) »
Trlerat 0.005 2300 305 305 LY 3L 322 95.60 0-100 100 45 4.8 1380 &3
brodifacoun
Ratat 0.005 248.8 261 106 4B MLI0 S6.B0 SA.60  40-100 W 37 47 105.1 5.5
Pifenacous
Storr 0.005 234.5 264 18y 3.1 2206 W40 4980  20-100 10 57 6.2 12,4 .61
Flecounafen
{erpal-C 0.005 249.8 357 357 %0 42.00 SN0 7595 40-100 100 35 4.2 1429 1.1
Chlorophacinone
Lepit-£ 5.0 193 141 3.9 2200 4240 5690 40-100 100 5B b4 7.5
Celorophacinose 9,012 7.41
Sul{oquincxaline 0,019 16,50
Table {2)1 Effect of five difterent anticoagulant rodenticides on Ratus rattus.
Average aaount
consuned per
Ky body weight
Anticoagulant Concen- Mean  Meam poison  Mean non- 1 1 T wortality Tise to death hctive
rodenticides tration body bait poison bait tdays) ingre
whight  consused consused appe-  Palata- Bait dient
Range Final  Range Mean
(Il Iga)  (gal I m ) tite  bility Iga! ing}
Kelerat 0.005 108.8 17.63 1.0 18.47 1.7 4.6 W44 20-100 100 §-8 .4 162.0° B.1 :
Brodi facous
Ratak 0.005 117.1 1540 7,70 3540 167 BB.7  4b.d 040 B0 57 63 1315 b.b
Difenacoun
Stora 0.005 138.8 19.90 20.B0 21.M0 7.7 4.2 957 0-100 106 48 5.8 "5 oo,
Flocousafen . ¢
CerealL 0.005 1488 24,30 20,30 2660 22,2 5.y 1.4 =100 100 56 5.8 185,35 8.3
Chlorophacinone
Lepit-E 19,2 3360 2030 M.30 4.4 807 919 20-100 10 5T .8 179.4
Chlorophacinone 0,012 21.3
u.1

Sulfoquinaaline 0.919
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(6.94 mg/kg) gave 100% mortality during 4.8 days. On the other
hand, Cereal-C and Lepit-E required higher cumulative dosages to
cause complete mortality against Norway rat during 4.7 and 6.6
days., since it required 7.15 and 9.4 mg/kg body weight, respecti-

vely.

It could be concluded that ratak proved to be more effective

against R. norvegicus, since it completely killed the Norway
rats with lowest cumulative dose (5.25 mg/kg body weight) during
the shortest time to death (4.7 days).

Generally, all the examined anticoagulant rodenticides Wwere
effective killers against Rattus norvegicus.

B- Effect of Anticoagulants on Rattus rattus:

_ The results of the five different anticoagulant rodenti-
cides against roof-rats (Rattus rattus) are listed in Table 3.
The choice between poison and non-poison baits in the same cage
decreased the consumption from each by roof-rats (R. rattus}. So,
the amounts consumed by individual rat from different anticoagu-
lant baits were very low.

The roof-rats (R. rattus) showed slight appetite to anticoa-
gulant baits with relation to appetite of non-poisoned treat-
ments. On the other hand., Lepit-E, Storm, Kelerat and Cereal-C

were palatable to R. rattus, whereas Ratak was relatively less
palatable.

Concerning the mortality percentages and time to death, it

‘was found that the anticoagulants gave 100% mortality of R.

rattus within the same range 20-100 % except Ratak which gave 60%
mortality within a range of 20-60 %. Time to death were nearly
within the same range for all the tested anticoagulants. Time to
death for Storm and Cereal-C were 5.6 and 5.8 days whereas it was
6.4 and 6.6 days in the case of Kelerat and Lepit-E.respectively.

With respect to the amounts consumed from the anticoagulant
baits in gramme / Kg body weight and the average cumulative
dosages inside the body of rat in milligramme of active ingredi-
ent / kg body weight., it was observed that Cereal-C and Kelerat
were more effective against R. rattus, since they caused 100%
mortality with low cumulative dosages (8.3 and 8.1 mg a.i/Kg body
weight ) during the short periods to death (5.8 and 6.4 days),
respectively. Storm, with moderate dose equal to 9.0 mg a.i/Kg
body weight, completely killed the roof-rats during short time of
death egual to 5.6 days. Lepit-E. with highest cumulative dosages
equal to 21.5 mg a.i/Kg body weight, caused 100% mortality in 6.6
days. On the other hand, Ratak was not able at the recommend
dose to kill all the tested roof-rats.since it caused 60% mortal-
jty against R. rattus during 6.3 days. 'Therefore. 4t could be

concluded that R. uj;_wi may be tolerant to Ratak at the recoume-
nded dosage which shoul be increased to kill the roof-rats.
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Table (301 Effect of Five different anticoagulant rodentic,des ea B. piloticys.

—

Eserage azzunt

canszeed per

I3 dady weight

foticoagul ant Concen- <Mean  Keam: poiscn  Mean hon- 1 H ! mortarty  Tiee to deatt Active

rodeaticides tration': body chait . poisoe bait ays) ygre

weight consused tansused appr-  Falata- L dieat

Baxge Fimal Range Prae
T (g (gl L ige). (1) tite  wmality to tagh
lefrrat 0005 125,20 19.53 12,10 785 17.00 60.40 7.9 l0-100 1R BB 7.8 By 1.5
I etifacom il

katat 0.005 7570 10700 T.64 0 26,4 01886, BL20 0.3 20-100 100 &7 68 1A2 .0
Difenacoua .

Boe 0.003 BB 16100 10,060 241537 029 850 R0-100 Me B b4 18] .08
Flecousafen !

Cereal-L 0.005 BB.% MN.T 10 354, 3040 Bl.J0 3.1 s 100 T-10 B2 120.4 5,06

Chlorophacinoae - ' °7 " 0 2
Lepit-E Lt 50.70 15.00 15000 24:10.24.10 .70 62,2 20-100 100 ¥ 44 15,4
Cklorophacinone - 0,012 19.04
3.2

Selfoguinozal ine 0019
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The effective anticoagulants against the roof-rats(R. rattus)
could be arranged in a descending order according to the cumula-
tive dose and time to death as follows: Cereal-C, Kelerat, Storm

and Lepit-E.

it could be concluded that all the examined anti-

Generally.
controlling

coagulant rodenticides exéept Ratak could be used for
roof-rats (R. rattus).

C- Effect of Antoicoagulants on Arvicanthis niloticus:

The results of the five different anticoagulants against the
Nile rats (A. niloticus) are recorded in Table 2. The amounts
consumed by inidividual rat from different anticoagulant were
very low. These low amounts consumed from the poison baits may be
due to the choice effect with non-poison baits in the same cages.

it was found that the

Ratak and Cereal-C.
On the
it was

In relation to non—-poison treatments .
appetite of A. niloticus was nearly good for
whereas it was moderate for Lepit-E. Kelerat and Storm.
other hand, in relation to the choice non-poison bait,
observed that Kelerat, Storm and Lepit-E were slightly palatable
to A. niloticus, whereas Ratak and Cereal-C were nearly less

palatable.

With respect to the mortality percentages and time to death,
jt was observed that the mortality percentages against A. niloti-
cus by Lepit-E, Storm. Ratak and Keleral were nearly equal, it
was within a range of 20-100 %, whereas Cereal-C caused mortality
within a range of 60-100 %. On the other hand, Lepit-E caused
100% mortality in a shortest time equal to 4.4 days (3-5 days
range). The times to death caused by Storm and Ratak were 6.4
days (3-B days) and 6.8 days (6-7 days range). respectively.
Kelerat caused 100% mortality in 7.6 days (6-8 days range),
whereas Cereal-C needed a longer time to produce complete death

to A. niloticus, 8.2 days (7-10 days range).

On the other hand, the average amounts consumed from poison
bait in gramme /Kg body weight indicated that the anticoagulant
poison baits were highly acceptable by A. niloticus. However. the
average dosage cumulated inside the rat body required to Kill
the animal was calculated in mg active ingredient per Kg body

weight.

It was found that Ratak with the lowest cumulative dose (6.7
mg a.i/Kg body weight) and short time to death (6.8 days gave
100% kill to the Nile rat (A. nilotjcus). Cereal-C with the
lowest cumulative dosage (6.02 mg a.i./Kg body weight) and the
longest periods to death (8.2 days ) . and Storm with Jarge
cumulative dosage (9.1 mg/Kg body weight) and short time to death
(6.4 days) compeltely killed the Nile rat (A. piloticus). Com—
plete killing was also found by Kelerat with moderate cupulative
dose (7.93 mg a.i/Kg body weight) and moderate time to desth (7.6
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Table f1i2 Lethal feeding peciods (LFP  and LFP ) of different rodent species by different

0 9
rodenticides. lin days),
R. norvegicus b pileticee R. rattes
Rodenticides Concen-
tration LFP LFP LFP LFP LFF  LFP
{1) - ] 50 10 W 8
Kelerat 9.005 3B 4.8 4.0 1.2 51 6.3
Brodifacous
Ratak 0.005 5.2 6.B 5.9 b4 [
Difenacous
Stor 0.005 5.2 b1 4.3 b.0 4.9 b4
Flocounaten
Cereal-C 0.003 1.2 .0 .9 B.] %1 5.4
Chlorpphacincee
Lepit-E
Chlorophacinone 0.012
Sulfaquinozaline 0.019 AL (%20 3.6 L3 52 b
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days). Lepit-E caused also 100% mortalit i
y with largest cumulative
‘::’:’;.?:;‘9-3" mg a.i./Kg body weight) and shortest time to death

!t could be concluded that Ratak

eﬂect:v-_ugo.inat the Nile rats (Arvi ;gg;huj:anfi?:ﬁcy;?. b?t I::::
Pletely killed the Nile rats with 1owest cumulative dosage during
sl_aort.t.im t? death. Alsc) Lepit-E was very effective against A.
niloticus, ~since it caused 100% mortality with highest cumulative
dosage dur:_mg the shortest periods to death. However, Cereal-C
concentration should be increased to decrease the time to death.

The effective anticoagulant rodenticides against A. niloti-
cus, could be arranged in a descending order according to the
cum_llntive dose and time to death as follows : Ratak and/or
Lepit-E, Kerlerat, Storm and Cereal-C.

Generally: it could be concluded that all the tested anti-
coagulants can be used to control the Nile rats (Arvicanthis

niloticus) in the filed except Cereal-C {Chlorophacinone).

On the other hand. the lethal feeding periods (in days) from
anticoagulants required to obtain 50 and 98% mortalities for
different rodents (LFP50 and LFP98 ) are recoreded in Table 4 and
Figures 1,2 and 3). The results indicate that the values of LFP50
and LFP98 for different rodents. LFP50 against Rattus norvegicus
were 3.2, 3.8, 4.6 , 5.2 and 5.2 days in the case of Cereal-C ,
Kelerat, Lepit-E, Ratak and Storm in an ascending order, respec-
tively. Then. the lethal feeding periods required to obtain 50%
mortality by Cereal-C and Kelerat against R. egicus are less
than that of any of the other tested rodenticides, whereas LFP50
for Ratak or Strom (5.2 days) are the longest followed by Lepit-E
‘(4.6 days). LFP98 against R. porvegicus are still the shortest in
the case of Cereal—C (4.0 dayas) and kelerat (4.8 days), whereas
jt is nearly equal in the case of Storm (6.1 days ), Lepit-E
(6.33 days) and Ratek (6.8 days). So, Kelerat and Cereal-C proved
to be more effective against R. norvegicus.

With respect to R. rattus , it was found that Storm showed

short LFPS0 equal to 4.9 days whereas the other tested rodenti-
These

cides exhibited long LFP50 wvalues against R. rattus.
Cereal-C and Lepit-E (5.1

values were nearly equal for kelerat.

days), whereas it is egual to 6.1 days for Ratak. Concerning
LFP98 against R. rattus ., it was found that there is no diffe-
rence between LFP30 and LFP98 for Cereal-C . which were equal
to 5.1 and 5.4 days, respectively, whereas LFP98 was more equally
longer in case of Lepit-E (6.1 days), Storm (6.4 days) and Kele-
rat (6.5 days). Rattus rattus may became tolerant for Ratak
becasue it required LFP98 more than ten days (Table 4 and Figs.

1.2 I.I'ﬂ 3) -
mortalities

Lethal feeding periods required to obtain 50%
against Arvicanthis pnilotjcusin were 3.6, 4.35.9 ., 6.0 and 6.9
Storm. Ratak , Kelerat and Cereal-C,

ase of Lepit-E.
drwt.“ “ifnlr. Lepit-E and Storm were very effective against A.
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E;lotlgus baqause of their shortest LFP50 . On the other hand,
PoB against A. pniloticus was found to be the shortest for
Lepit-E (4.3 days), whereas it is long in the case of Storm (6.0
days) . Ratak (6.4 days). Kelerat (7.2 days ) and Cereal-C (8.3
dnys}.l It could be noted_thnt Lepit-E was more effective agu1n§t
%. niloticus because oflats short lethal feeding periods whereas

ereal-C was less effective because of its lethal feeding period.

It could be concluded thni Cere
. : al-C and Kelerat wvere
::{:;tlvza:qtzgst E.ednorvegicus. followed by Lepit-E S{ormmgz;
; 1t-E prov to be more effective against ni i
whereas Cereal-C was less effecti rd gl
3 ive, The tested rodenticides
were equally effective against R. ratt
: . rattus, except for Ratak which
Ezguzzzgnsﬁﬁge than ten dayr of feeding to cause complete mortal-
i e R. rattus. In other wards., the previousley mentioned
eveal that Rattus rattus and Arvicanthis niloticus might

develope resistance to Ratak (0
(0.005 % chlorophacinone). (GO0 TIpotiul) 0 EehRnt=
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