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ABSTRACT

Laboratory studies were carried to investigate the susceptibility of three
anticoagulant rodenticides, Brodifacoum, Chlorophacinone and Warfarin on both
sexes of albino Norway rat, R. norvegicus which were fed on either equally mixture of
maize and wheat or vegetables. The obtained results could be summarized in the
following:-

A- Determination of LD values of three anticoagulant rodenticides:-

The final results proved that males of R. norvegicus which fed on either
mixture of wheat and maize or vegetables were more tolerant than females
approximately. In addition, the gained figures cleared that both sexes of R. norvegicus
which fed on mixture of wheat and maize were more susceptible to Chlorophacinone
than Brodifacoum and Warfarin. In spite of, the tested animals which fed on
vegetables were more susceptible to Brodifacoum, they had tolerance to Warfarin.

B- Effect of Y10 of LD values of the tested anticoagulant rodenticides on
bleeding time of both sexes of R. norvegicus:-

The results in case of feeding on maize and wheat showed a highly
significant differences between rodenticides after 24, 48 and 72h at Y/10LDeo and
1/10LDso, while there was no any significant difference after 48 and 72h post-treatment.

The effect of 1/10LDgo and /10LDso of the tested rodenticides on bleeding time
of R. norvegicus which fed on maize and wheat could be arranged according to their
effectiveness in descending order as follows; Brodifacoum > Chlorophacinone >
Warfarin. Also, results showed no significant difference between replicates and sexes
at the three periods of bleeding time whereas, in the case of feeding on vegetables,
the results revealed a highly significant differences between treatments at the dose of
1/10LDgo. Also, the results showed a highly significant differences between the
investigated doses during three periods in the two cases of feeding except for the
Warfarin treatment after 72h.

INTRODUCTION

Despite the fact that chemical control of rodents has been practiced
for more than 2000 years. It was only 35 years ago that the introduction of
anticoagulant rodenticides revulationised the efficacy and safety control of
rodents (Dubock, 1979). The majority of anticoagulants chemically belong to
coumarin group. Naturally coumarins are present in plants in free as well as
conjugated group (Hagan et al., 1967).

Many investigators gave their interests on their field such as Hazelton
et al., 1956, Feuer et al., 1965, Patyza, et al., 1965, Ophof and Langeveld,
1969, Grand, 1976 and Wang, 1978. Thus, the aim of this work was to
investigate susceptibility of each of Chlorophacinone, Warfarin and
Brodifacoum to the Norway rat, Rattus norvegicus, var. albino.
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MATERIALS AND METHODES

Experimental desigen:-
1-Anticoagulants used:-

Three anticoagulants were tested during this study, i.e Warfarin,
Chlorophacinone and Brodifacoum which were obtained from Glaxowellcome
U.K., Beziers, France and ICI companies, respectively.

1-a- Warfarin:-

- Common name: Warfarin, coumafene.

- Chemical name: 3- (« - acetonyl benzyl) — 4 hgdroxy coumarin.

1-b- Chlorophacinone:-

- Common name: Chlorophacinone.

- Chemical name: 2- [2- (4 chlorophenyl) — 2- phenyl acetyl] indan — 1, 3-

dione.

1-c- Brodifacoum:-

- Common name: Brodifacoum, klerat, and Talon.

- Chemical name: 3-[3-(4—bromo (1,1-biphenyl)-9 yl)-1, 2 — 3, 4 — tetrahydro
— 1 naphtalenyl] — 4- hydroxyl — 2H - 1 — benzopyran — 2 — one.

2- Tested animals:-

Albino adults of Norway rats Rattus norvegicus were obtained from
culture of experimental animals in Helwan, (Egyptian Organization for
Biological Products and Vaccine). Rats were individually reared, acclimatized
under laboratory conditions. Active and healthy rats of both sexes were
chosen for mating to obtain a healthy offspring. The resultant offspring were
fed on a standard laboratory ration till maturity stage. The active, healthy and
similar weight as possible of Norway rats of males and virgin females were
randomly chosen and separated into two groups. The first group was fed on
equally mixture of wheat and maize (1:1), while, the second one was fed on
vegetables for two weeks, then weighed before treatments.

3- Determination of various lethal values (LD3o, LDso and LDgp):-

Serial different doses of the tested rodenticides, Warfarin,
Chlorophacinone and Brodifacoum active ingredient were calculated as
mg/kg body weight were prepared. For each dose, four adults of each of
males and females were administrated by oral intubation and were caged
individually. A parallel control test was conducted using a solvent for the
tested rodenticides. Mortality percentages were recorded up to 28 days post
treatment.

4- Determination of bleeding time:-

Bleeding time (B.T), was measured to animals (fed on wheat and
maize) which treated with 10LDso and %/10LDgo of certain rodenticides
(Brodifacoum, Chlorophacinone and Warfarin) according to Duke (1910).
Animal's tail was pricked sharply with a needle, the oozing blood was
consequently blotted with filter paper until bleeding stopped. The bleeding
time was recorded in seconds by using a stopwatch. The difference
percentage was calculated according to the following equation:
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(Post-treatment) — (Pre-treatment)
% Difference = X 100
Pre-treatment

5- Statistical analysis:-

LD3o, LDso and LDoo values were calculated by probit regression
analysis. Also analysis of variance and T test were calculated by using
Finney 1971 and slide write and COSTAT programs.

REUSLTS AND DISCUSSION

1- Acute oral toxicity determination of certain rodenticides:-

LDso, LDsp and LDgg of each of Brodifacoum, Chlorophacinone and
Warfarin were detected to the males and females of the albino Norway rat
Rattus norvegicus which were fed on either (maize and wheat) or vegetables
for two weeks.

1-A- Brodifacoum toxicity on albino rat R. norvegicus:-

Data present in Table (1) showed that the LD3, LDso and LDgo Of
Brodifacoum for males of R. norvegicus which fed on mixture of maize and
wheat were 0.11, 0.23 and 1.64 mg/kg b.w. while for females were 0.26, 0.35
and 2.70 mg/kg b.w. . On the other side the LDz, LDsp and LDgy oOf
Brodifacoum for males and females which were fed on vegetables were
(0.13, 0.23 and 0.95 mg/kg) and (0.12, 0.23 and 1.2 mg/kg body weight)
respectively Table (2).

1-B- Chlorophacinone toxicity on albino rat, R. norvegicus:-

LD3o, LDso and LDgo which tabulated in Table (1) were 6.87, 12.81
and 58.61 mg/kg b.w. for males, but they were 7.18, 16.043 and 114.84 for
females which were fed on mixture of maize and wheat. While they were
13.33, 24.53 and 108.88 mg/kg b.w. for males, but they were 14.56, 26.52
and 113.72 mg/kg b.w. for females which they fed on vegetables,
respectively, in Table (2).

1-C- Warfarin toxicity on albino rat, R. norvegicus:-

Data illustrated in Table (1) showed that LDz, LDsg and LDgo of
Warfarin they were 84.14, 151.19 and 633.1 mg/kg b.w. for males, but they
were 85.29, 196.75 and 1517.28 mg/kg b.w. for females which were fed on
mixture of maize and wheat. While those were 146.87, 333.03 and 2483.03
mg/kg b.w. for males, but in case of females they were 210.59, 435.94 and
2583.63 mg/kg b.w. which were fed on vegetables respectively Table (2).

The previous data proved that the males are more sensitive than
females of R. norvegicus in all doses used of the tested rodenticides and for
the two types of food at LDsp, LDsp and LDgo. The LDso, LDso were higher in
case of vegetables feeding than maize and wheat in both LD values. Also,
the data revealed that LD3o, LDsg were higher in case of vegetables feeding
than in case of mixture of maize and wheat feeding in both sexes. In addition,
the results reported that Brodifacoum was the most effective followed by
Chlorophacinone and Warfarin in both sexes for the two types of food. These
results agreed with several authors e.i, Bull, 1976 who evaluated the acute
oral single dose LDso value to albino Norway rats R. norvegicus when treated
with Warfarin was 186.0 mg/kg. Meanwhile, Thonison, 1976 found that LDso
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was 6.26 mg/kg for Chlorophacinone. Also March et al., 1980 found that the
LDso was 180 mg/kg for Warfarin on the previous rat. As well as, Mathur and
Prakash, 1981 calculated LDso of R. rattus to Brodifacoum were 0.73 and
0.65 mg/kg for males and females respectively. There fore Johnson and
Scott, 1986 evaluated the LDso of R. norvegicus was 0.26 mg/kg for
Brodifacoum.

Table (1): Effect of three anticoagulant rodenticides at different doses
against both sexes of albino Norway rat, R. norvegicus fed
on maize and wheat.

Rodenticides Sex LDso mg/kg LDso mg/kg LDgso mg/kg
Male 0.11 0.23 1.64
Brodifacoum (0.07 - 0.13) (0.17-0.3) (1.33-2.74)
Female 0.26 0.35 2.70
(0.98 - 0.21) (0.3-0.42) (2.1-3.9)
Male 6.87 12.81 58.61
Chlorophacinone (4.44 — 8.38) (09.24 - 16.74) (49.99 — 100.46)
Female 7.18 16.04 114.84
(06.65—8.87) | (016.15—21.44) | (114.44 —459.7)
Male 84.14 151.19 633.1
Warfarin (65.76 — 100.14) [(113.62 — 183.05)| (531.12 —870.28)
Female 85.29 196.75 1517.28
(38.69 — 110.52) |(113.52 — 307.77) | (136393 - 4344.69)

Table (2): Effect of three anticoagulant rodenticides at different doses
against both sexes of albino Norway rat, R. norvegicus fed
on vegetables.

Rodenticides Sex LDso mg/kg LDso mg/kg LDgo mg/kg
Vale 0.13 0.23 0.95
Broditacoum (o.ogés 1—20.15) (0.1% - 2.27) (0.81—2}3.27)
Female| 095 _0.14) | (0.2-0.27) (1.07 — 1.58)
Male |19 1113'355 75)| (19 7214'5239 76) | (93 0%08'1932 63)
Chlorophacinone S 1456 5652 113.72
(12.28 — 16.64) | (23.03 —30.07) |  (98.06 — 139.6)
Vale 146.87 333.03 2483.03
Warfarin (89.75-180.52) |(238.31— 436.01)| (2058.87 — 4735.96)
Fomale| 21059 435.95 2583.63
(165.56-249.9) | (366.7 — 515.51) | (2059.85— 3759.993)

2- Effect of Brodifacoum, Chlorophacinone and Warfarin rodenticides
on bleeding time in both sexes of albino Norway rat, R. norvegicus:-
Data presented in Table (3) demonstrated the effect of sublethal

doses, Y1oLDgo and 10LDsg of the three rodenticides, Brodifacoum,
Chlorophacinone and Warfarin on the bleeding time during three periods,
24h, 48h and 72h, where albino Norway rat, R. norvegicus were fed on
mixture of maize and wheat. The analysis of variance showed a highly
significant difference between treatment, where (F) values were 60.7, 140.5
and 23.6 after 24, 48 and 72h at Y/10LDgo. Whereas the (F) values were 64.4,
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10.5 and 10.2 after 24, 48 and 72h at Y/10LDso. Also, it noticed that, the effect
of those rodenticides on bleeding time, could be arranged according to their
effectiveness in a descending order as follows: Brodifacoum >
Chlorophacinone > Warfarin. The analysed data cleared that there is no any
significant difference between replicates and both sexes at three periods of
bleeding time. Exceptionally the case of 24h of bleeding time at %/10LDso
which has a significant differences between males and females for the whole
investigated rodenticides.

Table (3): Mean of bleeding time of the Norway rat, R. ronvegicus (Fed
on wheat and maize) which treated with %/10LDso and /1oL Dgo
of certain rodenticdes.

/10 LDgg w Y10 LDsg w
Mean_ of bleeding time 3 Mean of bleeding time 3
Treatment Sexes (in Sec.) after % after g
24h | 48h | 72h 3 24h | 48h 72h K
[ [
Brodifa-coum Male 167.5 162.5 | 127.5 167.5 | 157.5 | 126.25
Female 167.5 [161.25]|146.25 136.25| 130 113.75
Total Mean 335 |323.75|273.75 303.75| 287.5 240
Chloropha- Male 171.25 [161.25| 122.5 120 |721.25| 101.25
cinone Female 153.75 | 1325 | 120 120 |113.75 100
Total Mean 325 293.75| 242.5 240 235 201.25
Warfarin Male 116.25 [106.25| 83.75 115 |111.25 97.5
Female 120 111.25]107.25 115 | 107.5 91.25
Total Mean 236.25 | 217.5 |191.25 230 |218.75| 188.75
Calculated (F) Treatment 60.7 1405 | 23.6 5.14 64.4 10.5 10.2 5.14
within Rep. 1.12 1.24 0.12 4.76 0.78 0.93 1.38 4.76
Sexes 0.7 3.55 | 1.13 4 4.02 | 0.49 0.36 4
Treatment 17.1 11.32 | 20.99 11.99 | 27.13 20.54
L.S.D. Rep. - - -
Sexes - - - 11.99

On the other hand, when albino Norway rat, R., norvegicus were fed
on vegetables, the results revealed that the effect of sublethal doses (}/10LDgo
and 1/10LDso) of the same rodenticides on the bleeding time during the same
periods. Highly significant difference between treatments at the dose %/10LDgo
were noticed during the three periods, where (F) values were 7.9, 19.4 and
98.7 after 24, 48 and 72h at Y/10LDoo, respectively table (4). Also, there was a
clear difference in bleeding time at the doses /10LDso after 48h, while there is
no considerable difference between treatments at the doses %/10LDso after
24h, 72h. Also, data in Table (4) showed that there were no significant
differences between replicated and sexes at the two doses during three
periods. Data obtained are similarly those findings by Gabr, (1997) who found
that, there is no considerable difference between treated rats and control in
the first day after treatment, which at the second and third day there was a
clear difference in bleeding time between the treated and untreated rats when
studied the effectiveness of different doses of investigated anticoagulant on
the bleeding time of rats. In contrast EI-Mahrouky, (1984) found that bleeding
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time was greatly increased to about 15 time when albino Norway rat, R.
norvegicus treated with LDso from Brodifacoum in comparison with untreated.

Table (4): Mean of bleeding time of the Norway rat, R. ronvegicus
vegetables which treated with /10LDso and /1oL Dgo Of certain
rodenticdes.

1/10 L Dgo w l/10 LDso w
Mean_ of bleeding time 3 Mear) of bleeding 3
Treatment Sexes (in Sec.) after ‘—E time after g
24h | 4sh 72h K 24h | 48nh | 72h | B
[ =
Brodifa-coum Male [108.75] 92.5 92.5 85 75 180
Female [101.25 90 90 98.75 | 68.75 | 60
Total Mean 210 182.5 182.5 183.75[143.75| 120
Chloropha- Male 108 84 60 945 | 71.25 | 60
cinone Female 102 84 60 715 | 675 60
Total Mean 210 168 120 166 [138.75| 120
Warfarin Male 102.5 74.25 60 80 67.5 |58.75
Female | 92.5 76 60 72.5 | 63.25 |58.75
Total Mean 195 150.25 120 152.5 {130.75|117.5
Calculated (F) Treatment| 7.99 19.4 98.7 5.14 3.7 9.79 3 5.14
within Rep. 1.88 1.92 1 4.76 0.69 | 2.49 1 4.76
Sexes 7.87 0.85 0.41 4 1.42 2.75 | 1.75 4
Treatment | 75 8.99 8.9 - 5.13
L.S.D. Rep. - - - - -
Sexes - - - - -

REFERENCES

Bull, J.0. (1976). Laboratory and field investigations with Difenacoum, a
promising new rodenticide. Pro. 7" Vert. Pest Conf. Monterey 72-82.

Dubock, A.C. (1979). Alternative strategies for safety and efficacy of
rodenticides. Proc. 5" Br. Pest control Conf. Stratford-upon Avon. 9:
26-29.

Duke. W.W. (1910). The relation of blood platelets to hemorrhagic disease. J.
AMA. 55: 1185.

El-Mahrouky, F.S.M. (1984). Physiological studies on the response of rodents
to some rodenticides. M. Sc. Thesis, Fac. of Science, Menoufia Univ.,
Egypt.

Feuer, G.; L. Goldberg and J.R. Lepelley (1965). Liver response tests.
Exploratory studies on glucose 6-phosphatase and other liver
enzymes. Fd. Cosmet. Toxicol., (3): 235.

Finney, D.J. (1971). Probit analysis 3" edition Cambridge Univ., pp 333.

Gabr, W.M. (1997). Factors effecting the efficacy of Warfarin to roof rat
Rattus rattus in Egypt. Ph. D. Thesis Fac. Agric. Cairo Univ.

Grand, M. (1976). Experimental results on a new anticoagulant rodenticide
bromadiolone, phytia-phytopham, 25 (1): 68-69.

Hagan, E. C.; W.H. Hansen; O.G. Fitzhagh; P.M. Jenny; W.I. Jones; J.M.
Taylor; E.L. Long; A.A. Nelson and G.B. Brouwer (1967). Food
flavouring and compound of related structure (5): 141.

3034



J. Agric. Sci. Mansoura Univ., 32 (4), April, 2007

Hazelton, L.W.; T.W. Tusing; B.R. Zeitlin; B.Jr. THiessen and H.K. Murer
(1956). Toxicity of Coumarin J. pharma. Exp. Ther., (118): 348.

Johnson, R.A. and R.M. Scott (1986). Flocoumafen a new second generation
anticoagulant rodenticide Proc. 7t British pest control Conf. PP. 20-26.

Marsh, R.E.; W.E. Howard and Jackson (1980). Bromadiolone: a new
toxicant for rodent control. Pest control, 48: 22-26.

Mathur, R.P. and |. Prakash (1981). Evaluation of Brodifacoum against T.
indica, M. hurricanae and R. rattus. J. Hyg. Camb. 87 (2): 179-184.
Ophof, A.J. and D.W. Langeveld (1969). Warfarin resistance in the
Netherlands. Proc. Rodent Biology and control Meeting Berlin- Dahlem:

39-47.

Patyza, S.; T. Ziolo and B. Nargona-Stasiak (1965). Effect of coumarin on the
histological and histochemical picture of the parenchy-matous organs
of the rabbit. Annls Univ. Maria Curie-Skowlo dawka. Lublin-Pd., Sct.
D.D., Med. Vet. (20): 95.

Thmison, W.T. (1976). Agricultural chemicals Book Ill, Fumigants Growth
Regulators, Repellents and Rodenticides. Thomson Publication,
Fresno, California, PP. 164.

Wang, P.Y. (1978). Studies on rat control in sugarcane plantation, poison
efficacy trial of rodenticides. Progress Report of Taiwan Sugar
Research Institute: 363.

pall Alpcal) (a1 681 Cilassa land (sl AL g Al L sl
adla il daaa 3 gualal) 2o 3 gualal) 2e
8l — Al — Ao 311 ) 3 - Aue 3N Cugand) 38 pa — bl A g & gay 3gaa
pll AL el Cilaall Gansd (s ALY s il LA Gl S0 Al ls) a3
Vi) ) At 55 el (e daslae e L (s (0t — O siald s SISI — o SUla s il
g pamdll o ilapally Lilelaae J8 Lgidad o5 (5 )al de semay (
~igh Lad Ll Juaaiall ililll (e dli (S
-l Clasall ¢ g1 g5 &GN (L D3p, LDsp and L Dgo) Aisaall cile jall ad yas -
JL;A:..“}\EJAA\}C_AQ\LJJML)AJS‘#_‘:MM\}@:UJJ\JE\J}SJu‘@m\QMJi
ST caslS Gy s S e S of il caasl o el ) Ayl s DY) e Slaad ST cusiS
(e Lt o8 (o i) gl e sane Lty i1l s o sSlitlas sl (e sl ) oS0 Al
LRIl Sass S 5 o 5SLala 5 ull dpulin ST CilS Dl 5 il
haladl) cd g o 8 yidal) cilaall Adraal) cile jadl )4/ il - Y
Vo/) — (Rela VY ¢ £A oY ) Alebadl) < 5 (g Alle Ay gina (3558 355 i) el
VY CEA (S8 s sine (58 sl aa g o ey 55l AN lagall (00 ¢80 ) Apadll el
5 i) Claaall (i 3 oSl 5 13 3 A 5 el Do plie e s Al o) 8 Ao sanad dpilly Aol
A ) el il yall Vo /Y Ll G g ey g o )l 15l < s gy 518 < o SUagla g S LS Qs
L gima (5558 3 g5 i) Cona o LaS il gyt o A3siall 55yl o)yl Alalna 3 S (00
DLERY) @l 58 o Alle 4y ine (35,8 295 o il caSis s (LDgo) ) +/) Ao sall A dlle
s MUY (LD3g, LDsp and LDgo)V +/) & iaall cile yall dpually (Relas VY (€A (Y £) 2530
Aela VY any el ol dlelaa lacle 23l

3035



