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ABSTRACT

The effect of two dose levels of brodifacoum
and difenacoum on some hematological and
biochemical targets of male and female mice after
24 and 72 hours of treatments was studied. The
data obta;ned showed that the red blood cells
count (RBCS) decreased slightly in male and female
mice treated with 1/4 LD of brodifacoum or
difenacoum, while the higher dose (LDS y induced
highly significant reduction. In congrast, the
white blood cells count (WBC's) increased. Also
the higher dose induced marked decreased in
hemoglobin content (Hb) and hematocrit value
(Hct). The prolongation in prothrombin time (PT)
and partial thromboplastin time (PTT) Was
extended by increasing the dose level and reached
their maximum values at the third day after

treatment. The activity of liver aniline
hydroxylase was significantly increased in
treated mice. Brain adenosine triphosphatase

(ATPase) increased after the same treatment,
while liver ATPase was not changed significantly.
Brodifacoum stimulated the activity of liver acid
phosphatase (APase). Kidney APase slightly
decreased in all treatments. Difenacoum did not
induce a change in liver APase and glutamate
oxaloacetate transaminase (GOT) .

The changes of the electrophoretic patterns
of male mice plasma proteins treated with
brodifacoum may be due to the dose levels or time
elapsed after treatment; such changes were not
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markedly thiceable in female mice.

INTRODUCTION

Rodents have become a great social problem,
in almost all the countries of the world. They
are extremely damaging to a wide variety of human
interests. | In addition, rodents are involved in
the transmission of more than 20 disease
organisms. Despite the fact that chemical
control of rodents has been practised form more
than 2000 years (Dubock, 1979), it was only about
50 years ago that the introduction of
anticoagulant rodenticides revolutionized the
efficacy and safety of chemical control of

rodents. he discovery of resistance to warfarin
led directly to the development of two new
anticoagulants, brodifacoum and difenacoum, which
are highly effective against rodents (Brooks, et
al. 1980, and Lund, 1981). In Egypt,
anticoagulant rodenticides are used on a large
scale to control rodents in agriculture as well
as for public health purposes. The possibility
of such codpounds reaching the food of non-target
animals or| even human beings, prompted us to
study the sﬁde effects of such compounds in order
to give a clear idea about the physiological
disturbances which may occur on the exposure of
non—target animals or human subjects to such
anticoagulants. The present study aims at
assessing the effects of two commonly used
amticoagulahts (brodifacoum and difenacoum) on
some biochemical and hematological targets in the
tested mice, under different stressful
conditions.| Interpretation of the data may help
in rodent control and protection of the
occupationally exposed workers or the surrounding
livestock.

MATERIALS AND METHODS

_Ig:gted Mig] S
Male and female albino mice strain (Mus

musculus) weighing 25-30 gm were used in this
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study. They were taken from the High Institute
of Public Health, Alexandria University.

Rodenticides Used

Technical materials (96.8%) from
brodifacoum, 3-[3-(4'-bromo[l,1'-biphenyl]-4-yl)-
1,2,3,4-tetrahydro-l-naphthyl]-4-hydroxy
coumarin; and difenacoum, 3-[3-(1,1 ' -biphenyl) 4-
yl-l.2,3,4-tetrahydro—l—naphthyl]-4~hydroxy cou-
marin were used. The doses administered in this
study were 0.1 and 0.4 mg/kg from brodifacoum and
0.2 and 0.8 mg/kg from difenacoum. These doses
represented the 1/4 LD 0 and LD of each
compound according to Worthing and Wa?ger (1983).

Animal Treatments

Four groups of male and four groups of
female mice were orally treated with 1/4 LDS and
LDSO of brodifacoum and difenacoum. The fifth

N ) . N
groups was treated with corn oil and used as
control. Five male and female mice from each
group were decapitated after 24 and 72 hours of
treatment. Blood was collected from each animal
in citrated tubes. Livers and brains were
removed quickly and stored frozen.

Hematological Tests

Fresh blood samples were used without delay.
RBC's and WBC's counts were carried out using the
hemocytometer. Hemoglobin content was determined
by a colorimetric method (Drabkin and Austin,
1932) using a commercial reagent of Bio-Merieux
Company. Hematocrit percent was measured using
hematocrit centrifuge (MLW-TH-21). Plasma was
used for determination of prothrombin time and
partial thromboplastin time as described by Dacie
and Lewis (1984) by using a Behring Company kit.

Enzyme Activities Determination

Brain, liver and kidney samples were
homogenized in ice cold physiological saline
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then centrifuged at 8,000 xg for

The supernatant was used for
of aniline hydroxylase, ATPase,
GOT. The activity of liver aniline
e. dependent the formation of p-
1 from aniline, using the colorimetric
»scribed by Imai, et al. (1966).

of ATPase in liver and brain were

according to Koch, et al. (1969).
measured in liver and kidney using the
Bessey, et al. (1946). Liver GOT was
lorimetrically according to Reitman and
(1957). Estimation of protein
ion was done by the method of Lowry, et

Plasma Pro@ein Fractionation

The 5sodium-dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) was performed as
described by Laemmli (1970). Plasma samples were
prepared flrom control and treated mice with 1/4
LDSO and ‘LDSO of brodifacoum after 24 and 72
hours of treatment for both male and females.

intc each

Five pl of plasma samples were loaded
lane of qu acrylamide slab gel in the absence of
reducing agent. Gel was stained using Coomassle
blue R250.

stical analysis is done using student’'s
compare between each group and control.

Stati
t—-test to

RESULTS AND DISCUSSION

t of Brodifacoum and Difenacoum on the
ological Parameters in Mice.

Effec
Hemat

two concentrations of brodifacoum (0.1 and 0.4
mg/kg) and difenacoum (0.2 and 0.8 mg/kg) on the
RBC, WBC, hemoglobin and hematocrit in male and
female mi¢e was evaluated (Tables 1 and 2). It
was noticed that RBC's count slightly decreased
in male mice treated with i/4 LD 0 of brodifacoum
or difenacoum after 24 and 72 %ours, while the

In tEf present investigation, the effect of
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hiigher doses (LD y) of brodifacoum and difenaccoum
induced highly significant reduction, 354.6% and
39%, respectively, in erythrocytic count compared

with untreated male mice. The WBC's count
increased in contrast to the red cones. The high
increase of leucocytes may be due to the

inflammatory response induced as a defence
mechanism. Hemoglobin contents (gm/100 ml blood)
in male mice treated with /4 LD of either
brodifacoum or difenacoum were not significantly
different at any time after the treatment as
compared with that of their control group of
mice. In contrast, the concentration of
hemoglobin was markedly decreased in treated male
mice with LDS of brodifacoum and difenacoum,
reach to 5.39 and 7.17 g/dl., respectively, after
72 hours of treatment compared with untreated
mice (14.26 g/dl). The results obtained in case
of female mice {Table 2) were nearly the same as
male mice in these respects.

The reduction in the hemoglobin c¢ontent,
together with the decreased erythrocytes count
explains the drop 1in . the hematocrit values
recorded in the present study. The decrease in
hematacrit and hemoglobin values may also point
to hydration, anaemia and transfusion of {luid
after bleeding. These results are in full
agreement with the results of Helal, et al.
(1975); El Mahrouki (1984); Ahmed, et al. (1989);
Shimaila (1989), and Said (1990).

I1. Effect of Brodifacoum and Difenacoum on
Blood Coagulation in Mice,

The effect of brodifacoum and difenacoum at
the two dose levels on the coagulation process of
the blood was assessed by measuring the
prothrombin time (PT) and the partial
thromboplastin time (PTT). The PT and PTT assays
are valuable in the study of hemostatic disorders

of animals, as well as people. PT and PTT are
used to test the disorders of extrinsic and
intrinsic pathways of blood coagulation,
respectively. Table 1 shovws that the

19



1 On i3 extended
o i
LY

B e
e

s
bl e

vaijues Al the o 8%
and &7 sac i L z
treatment,  and 50 g seconds
d:fenacoum treatment, fhile the BT and PTT of

male mice treated with |/4 LDS of both compounds
show little increas. The prolonged PT and PTT
#ere also previously recorded in rats treated
with anticoagulant by Ahmed, et al., (1989) and
Said (1990). These results show that the high
dose from both compounds exhibited severe
hypoprothrombinaemia and complete blocking of the
clotting factors activity and this effect was
detected after 24 and 72 hours of treatment. The
results tabulated show that the effect of the
anticoaguiants increased by increasing the
concentrations and/or by lengthening the time
after treatment; hence after 72 hours the effect
#as more potent than that after 24 hours. Also
1t shows t%at sredifacoum is more effective than
di fenacoum. | Similar results were noticed in
female, a$ well as in male mice with
insignifica?tly higher response in female groups.

11T~ Effect‘of Brodifacoum and Difenacoum on Some
Bioche#ical Responses of Mice

. This ﬁart of the study 1is performed to
illustrate the effects of two dose levels of
brodifacoum and difenacoum on some enzymes
( aniline h*droxylase, ATPase, APase and GOT) in
liver, kidney or brain of both male and female
mice after 24 and 72 hours. Data in Tables 3 and
4 show that the specific activity of liver
aniline hydroxylase is significantly increased in
treated mic? compared with untreated ones. The
induction |in treated mice with LD of
brodifacoum and difenacoum after 72 hours reaches
to 1.38 and 1.16 times in male mice and to .85
and 1.83 times in female mice, respectively. It
is clear that the percentage induction is more in

treated females than in males. On the other
hand. brodifacoum stimulated aniline hydroxylase
more than |difenacoum. Also, the percentage
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induction of the enzyme is increased by the dose
level and by the time elapsed after the
treatment. These results are in agreement with
Casterline and Clara (1971), and Shimaila (1989).

Total ATPase activity was measured in liver
and brain. The data shows that the activity of
ATPase is higher in brain than in liver of the
teated male and female mice. There 1is no
significant difference noticed in liver ATPase
treated with two dose levels of brodifacoum or
difenacoum, either in male or female mice. The
brain ATPase activity is stimulated in male and
female mice with 1.26 and 1.85 folds in LDgj
brodifacoum and difenacoum treatments,
respectively, after 24 hours of administration.
These results are parallel to Ramarchandra Pai,
et al. (1975) and Ahmed, et al. (1989), who found
that the brain ATPase activity increased in
treated rat with anticoagulant compounds. Kidney
and liver are chosen to evaluate the in vivo
effects of 1/4 LDSO and LDSO of brodifaccum and
difenacoum on mice acid phosphatase because they
contained the highest activities (Moss, et al.,
1987; and El-Gendy, et al., 1990). The results
obtained reveal that brodifacoum increases the
activity of liver APase after 24 and 72 hours in
both male and female mice, while there is no
difference observed in difenacoum treated mice.
Kidney APases are slightly decreased in treated
mice with both anticoagulant compounds.

Transaminases are important and critical
enzymes in the biological processes. It is clear
that brodifacoum slightly reduces the activity of
liver GOT in both male and female mice, while
difenacoum does not affect it. From previous
investigators it was noticed that different
pesticides had oscillating effects on GOT
activity activation (Rojik, et al., 1983),
inhibition (Enan, gt al., 1982) or no effect
(Ahmed, et al., 1983).
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Fig (1):  SDS-PAGE of plasma protein; from male and female mice

treatled with brodifacoum.

Lane 1 : The CQontrol

Lane 2 : -%— EDSO of brodifacoum after 24 hours.
Lane 3 : —%- LDSO of brodifacoum after 72 hours.
Lane & : LDSO of brodifacoum after 24 hours.
Lane 5 : LD50 of brodifacoum after 72 hours.

STD Low molecular weight standard protein .
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IV. Plasma Protein Fractions

Figure 1 presents the electrophoretic
patterns of plasma proteins of control and
treated male and female mice with 1/4 LDy, and
LD of brodifacoum after 24 and 72 hours. t is
clear that the color intensity of the band at
about 28 KD was increased in lanes 2 to 4 in
males, when compared with control. It is also
interesting to note that the color of the band at
about 3t KD of 1lane 2 and 3 (1/4 LD50 of
brodifacoum after 24 and 72 hours) of both male
and “females was reduced more than the other
treatments. Duplicate bands appeared in control
male (lane | ) at approximately 97 KD, but one
band completelv disappeared in treated samples
{lanes 2 to S). Also the color intensity of this
band was reduced in lanes 3 and S in males. The
present result exhibits changes in the
electrophoretic pattern of male mice treated with
brodifacoum. The changes may be due to the dose
levels or time elapses after treatment. The
changes in the electrophoretic distribution of
female mice plasma proteins were less noticeable.
Similar electropheretic findings were reported by
Colvin and Wang (1974) and Shimaila (1989).

The present study will help in establishing
a laboratory method to evaluate the efficacy of
the different anticoagulants. The prothrombin
time (PT) and partial thromboplastin time (PTT)
may be used as a rapid and accurate method for
determining the level of resistance to any
anticoagulant rodenticides and the susceptibility
of the different rodent species ‘to these
chemicals. Moreover, measurement of PT and PTT
is a satisfactory method for monitoring patients
on anticoagulant therapy, as well as poisoning.
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