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ABSTRACT

Theeffectoftwodoselevelsofbrodifacoum
and di fenacoum on some hematol ogi ca1 and

biocfremicat targets of nale and female mice after
24 and 72 nourJ of treatments was studied. The

Oata obtained shored that the red blood cel Is

""r"t 
-fngCil 

decreased slightly i-n qa1e..a^nd f emale

;i;; Lreated wi th | /4 LDso of Uttdi facoum or
dif enacoum, xbi ie the highdi dose (LD-so) induce:d

highly signif icant reduction' In cofitrast ' ttre
rhite blood ".iit 

count (WBC's) increased' Als;o

the higher J;;; ind'uced markect decreased j,n

henogloUin content (Hb) and hematocri t value

ii;a;. The p.;ioneation' in prothrombin._time (Pii)

;; partiaf thr6nboplastin tirne (PTT) was

eiienoea by increas ing the dose I eve I and reachr:d
their rnaximum values- at the third day after
treatment. The act ivi ty of l.iver arri I ine
hydroxylase *.i signifiCantly increased in
treated nice. Braii adenos ine triphosphatase
i.ffpat"l increased af ter the sane treatmenE '
rhi,le liver nlpase was not change'c significantl,y'
Brodifacoun siitnutated the activity of liver acid
phosphatase (efase) . . Kidney APase s I ight Iy
i""il"r"o in all treatments. Difenacoum did not
induce a cnange in I iver APase and glutamate
oxaloacetate t;ransaminase (GOT)'

The changes of the electrop'horetic pattelnl
of *"t" niie plasna proteins treated wi th
brodifacounnayueauetothedoselevelsortime
"i"pi"o 

after treatment; such changes were not
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ll-&rdy,

nirrkedly in fenale nice.

INTRODUCTION

, ,f,oden{s have becone a great social problen,
irn allost ltl the countries of the world. They
gre extreolly danaging to a wide varietSr of human
interests. In addi tion, rodents are inrvolved in
the transSission of more than ZA disease
organisrs. Despi te the fact that chenical
control of rodents has been practised forn nore
tl1an 20OO yfears (Dubock, 1979, , it ras only about
5{} years ago that the introduction of
arrticoagul{nt rodenticides revolutionized the
ellficacy 4nd safety of chenical control of
rodents. the discovery of resistance to, warfarin
led directly to the development of two nen
anticoagulafits, brodifacoum and difenacoun, which
are highly effective against rodents (Brooks, elali.. 1980, and Lund , I 98 I ) . In Egypt ,
anticoagulafrt rodenticides are used on a large
scale to cfntrol rodents in agriculture as well
a$ for public health purposes. The possibility
of' such co{pounds reaching the food of non-target
aninals or even human beings, prompted us to
st;udy the side effects of such compounds in order
tor give a clear idea about the physiological
disturbancep which may occur on the exposure of
norrtarget animals or hunan subjects to such
anticoagulafrts. The present study aims at
as;sess ing effects of two comno,nly used
anticoagulafrts (brodi f acoum and di f ena,coun) on
sorle biochepical and henatological targets in the
tersted under di fferent stressful
co,ndi t ions. Interpretat ion of the data nai he lp
ilr rodent control and protection of the
oc:cuPationa[ly exposed rorkers or the surrounding

IATENIALS A}ID TETHODS

tg,sted Anirlls
Iale +nd fenale albino nice strain (Mus

g;sculus) ieiShing 25-3'0 go rere used in this

t i ceabl eng
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study. They wetre taken from the lltigh Institute
of puUt ic Heal th, Alexandria Univers;i ty.

Rodentdcides Used

Technical materials (96.8%) fron
brodifacoum, 3-t3-(4'-bromo[], l' -biphenyl ]-4-yl)-
t ,2 ,3, 4-t e t rahydro- I -naphthy I I -4-hydlroxy 

-

coumarin; and difenacoum, 3-t3-(1, l'-biphenyl) 4-
yl-1, 2,3,4-tetrahydro-l-naphthyl l-4-hydroxy cou-
narin lfere used. The doses administered in this
study .*ere 0.1 and 0.4 ng/kg f ron br:odiJacoun and
0.2 ;nd 0.8 nglkg froo difenacoun. These doses
represented the- lla LD.so and IDSO of each
compound accord i ng to WortTr"ing and Vialker ( 1983) '

Aninal TreatnentE

Four Sroupis of male and forrrr groups of
fenale mice were orally treated with L/4 LDsn and
LD.^ of brodifacoum and difenacouur. The -rifth
srdilpt was treated wi th corn oi I and us*d as
Iontiol. Five male and female mice from each
group were decaprtated after 24 and l2 hour^s oi'
treatment. Blood was col lected f rr:m each animal

J P C I E 5 tol:3 llo:3 (1991)'

in ci trated tubes. Livers and brains were
removed quickly and stored frozen.

Hematolocical Tests

Fnesh blood samples \rere used rxithout delay'
RBC's and WBC's counts Fere carried out using the
hemocytoneter. Hemoglobin content was determined
by a colorimetnic nethod (Drabkin a-nd Austin,
lb32) using a cromnercial reagent of Bio-Merieux
Conpany. Hematocrit percent was nneasured using
henitocri t centri f uge (MLl{-TH-21) - Plasma was
used f or deterninat ion of prothrombin t inre and
partial thromboplastin time. as described by Dacie
and Letis (1984) by using a Behring Company kit'

&rzlrne Act ivi t ies Deternination

Brain, I iver
honogenized in ice

and kidney sampl es were
cold physiological sal ine

t5



El-6endy.

r;olution, 0.9%, then centrif uged at 8,000 xg f or
2)"0 ninutqs. The supernatant was used f or
dletermination of aniline hydroxylase, ATPase,
irPase and GOT. The activity of liver aniline
hrydroxylasB- dependent the f ormat i o:rr of p-
a,minophenol f ron ani line, using the colorinetric
nrethod d$scribed by Imai, eJ d, (1966).
Act ivi t i es of ATPase in I iver and trrain were
deternined according to Koch, €t 4]. (1959).
APase was neasured in liver and kidney using the
method of Bessey, et aI. (1946). Liver GOT was
assayed coflorinetrically according to Reitrnan and
Frankel (1957). Estination of protein
concentratIon was done by the method of Lowry, €t
eI. (l9sl).

The bodium-dodecyl sulfate Polyacrylamide
8,e I e I ect {ophores i s (SDS-PAGE) was pe.rf ormed as
d.escribed by Laemml i (1970) . Plasma samples were
rrrepared flrom control and treated mi ce wi th | /4
i,0.., and LD.n of brorli f acoum af t e r '74 and 72

t,odIs of trdXtnrent f or both mal e ancl f emal es '
IrLve pl of plasma:samples were loaded into each
lane of ldX acrylarnide slab ge1 in the absence of
r.educing {gent . Ge1 was stained us ing coonass Ie

!i-ue R2s0.

Statistical analYsis
t-test to comPare between

RESULTS AND

i s done us ing s tudent ' s
each group and control.

DISCUSSION

[.
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i P C e gS $oi:3 fio:? t!991i

higher doses il,lJc'') cf brorjifa.couni ar:.1 diferlscouril
incluced highly Significant reCucl:iofl, 51.69 and
39%, !'espertively, in erythrocytrc ccunt ccnipaierl
rvi th un t rr: ttted lla i e ni ce 

"
l'h,: lV$C's c:r.rtin:i

incre,assd in co*trast to the red .:lnes" The his.lt
l ncrea" s e of leucocytes may brg due to th*
inflauimatory i:esponse induced as a defencr:
mecharlism. Hemogiobin contents (gml100 ml blood)
in male mice treated with l/4 LD.n of either
brodifacoum or difenacoun rere not iignificantly
di f f e.rent at any t ime af ter the treatment a$
conpared ri th that of their con trol group o1l
dllce. In r:ontrast, the concentration o1l
hemoglobin was markedly decreased in treated malt:
nice wi th LD.tt of brodifacoum and difenacoum,
reach to 5.39"5nd 7.17 t/dl. respectiveiy, after
72 hours of treatment conpared with untreatecl
nice (14.26 g/dl). The results otrtained in case
of f enal e mi ce {Tabl e 2) were near ly the sane asi
rnale mice in these respects.

Ihe reduc t ion in the hemogl obin c,:ntent ,

together wi th the decreased erythrocytes counl:
expla ins the drc,p in the hematocri t valuesi
recorded in the present study. The decrease in
hematocri t and hemoglobin values rnay ai so point:
to hydration, anaemia and transfusion of fluicl
after bleeding. These resui ts are in f ul l.

agreement wi th the resul ts of !lelal , et aL.
(1975); EI Mahrouki (1984); Ahmed, et al. (1989);
Shinaila (1989), and Said (1990).

II. Effect of Brodifacoum and -Difenacoum orl
Blood Coaguletion in Hice*

The effect of brodifacoun and difenacoum at:
the two dose levels on the coaguialtion process oI'
the blood was assessed by measuring ther
prothrombin t ime (PT) and the part i a I
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 andl
intrinsic pathways of blood coagulation,
respect ively. TabI e I shorrs that the,

19



:. i -ile rdil.

lrli,,.'rj',i::..{}n ii: "i:i .-:::{j iri'f j"E {j:iti:}*d*4 .l-,,
it:c:"ei.ri-g ii.* ..$::: -riul:i attd :*aCI,:d : L:o_-:
ii.<i)i.r,t."a*-....:.iUt:; ;;,'1, ii:'.; ::-:,. l"r,i i-1a,.! l-,,i::,*: :agetl:,:nt,
' 'i. 1r{} ,1nd ji. .i,":il ,:lii-ii .'{i:" ),1},-;, r.i5,;3ii':t,:CU,A
il"eatmenl., ;!ni ;.{., ,", --s.j j 'j ieti.,'.lgs :, cr LC<,",
5".: enacoun treatmen; . l!.:: i e tl,e pI aild rr:T dIreiie rli.9e -treated rci iir il4 LDsn of both compounds
show little increas. ihe pidtonged pT' ancj pTT
ryerre also previously recorded in rats treated
Ii !! 1l!i9,lugulant by Ahmed, eL El. , ( 1989) andSa'id (1990). These results show that the highdc,se f ron both compounds exhibi tedl severe
hy'poprothroinbinaemia and complete blocking of theclotting f{ct,:rs activity and this efflct was
detected af ]ter 24 ancl 72, hours of treatment. The
resul ts ta$ulated sirow that the ef f ect of theanticoaguiafts increased by increasing the
ccncentrat ipns rndlor by !.engthening the tine
af ter treatfnent; hence af ter 72 hours ilre ef f ect
'nas more pqtent than ihat af ter 24 hours. Also
r t shows that lrrd i l'ai:i:um i s more ef f ect i ve than
difenacourn. Sii:rilar :esults were noticed infemale, a$ sell ;ts in nale mice withinsignificaftly higher response in fenale groups.

III..

This $arr of the study is perf,crmed to
iI iustrate the effects of two dose ievels of
,brodi f acoun and di f enacoun on some enzyrnes
( aniline hfdroxylase, ATPase, APase and, GOT) in
liver, kidnpy or brain of both male and fenale
mir:e af ter P4 and 72 hours . Data in Tablies 3 and,{ show th+t the specif ic activity of I iver
ilniline tryd{oxylase is significantly increased in
treated rni cp cornpare(l w;ith untreated ones. The
.induction in treated mice with l:D<n of
brodifacoum and difenacoum after 72 hours; f5aches
to 1.38 and l.l6 timr:s in male nice and to l"85
aord 1.83 ti{nes in f emale mice, r€spectrvely. It
;ts clear th4t the percentage induction is more in
treated fem[les than in males. On ilre other
ha:nd. brodif acoum stimulated ani I ine hydiroxylase
fiIo.re than di f enacoum. Al so, the percentage

20
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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 agreenent with
Casterline and Clara (1971), and Shimaila (1989).

' Total ATPase activity was neasured 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 i s no
significant difference noticed in liver ATPase
treated rith tro dose levels of brodifacoun or
difenaooun, either in nale or fenale nice. The
brain ATPase activity is stinulate'd in nale and
female mice rith 1.26 and 1.85 liolds in LD*n
brodifacoum and difenacoum treatmentSl
respectively, after 24 hours of ardministration.
These nesults are parallel to Ranarchandra Pai,
et al. (1975) and Ahmed, d 4. (19,89), who f ound
that the brain ATPase act ivi ty increased in
treated rat ri th ant icoagulant comp,ounds . Kidney
and I iver are chosen to evaluate the in vivo
effects of l/4 LD.n and LDqn of brodifacoum and
difenacoun on nice""acid phot"phatase because they
contairned the highest activi t ies (Moss, et al . ,

1987; and El-Ge.ndy, et al. , i990) . The resul ts
obtained reveal that brodifacoum increases the
activity of liver APase after 24 and 72 hours in
both nale and female nice, whi Ie there is no
difference observed in difenacoum treated mice.
Kidney APases are slightly decreased in treated
nice rith both anticoagulant compounds.

Transaminases are inportant and cri t ical
enzyme$ in the biological processes. It is clear
that br'odifacoun slightly reduces tlhe activity of
liver GOT in both male and f emal,e nice, whi le
difenacoum does not affect it. Fron previous
invest igators i t tas not i ced that di fferent
pesticides had osci I lating effects on GOT
activity activation (Rojik, gl AL., 1983),
inhibition (Enan, €t al. , 1982) or no effect
(Ahned. €t 61., 1983).
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IV. Plasna Protein Fractions

Figure I presents the electrophoret ic
patterns of plasna proteins of control an,d
treated male and f emale mice wi th L/4 LD*n an,d
LDsn of brodifacoun after 24 and i'2 hours. "lt is
clEdr that the color intensity of the band at
about 28 KD ras increased in lanes 2 to 4 in
males, when conpared with contro.[. It is also
interesting to note that the color of the band at
about 3l KD of lane 2 and 3 (l/4 LDsn of
brodifacoum after 24 and 72 hour:s) of both'"male
and ,females ffas reduced more than the other
treatments. Duplicate bands appeared in control
male (lane I ) at approximately 97 KD, but one
band conpletely disappeared in 'treated sampies
(Ianes 2 to 5), Also the color i.rrtensity of this
band sas reduced in ianes 3 and 5 in nales. The
present resu l t exhibi ts cha:nges in the
electrophoretic pattern of male rnice treated wi th
brodi f acoun. 'Ihe changes may be ciue to the dose
levels or time elapses after ireatment. The
changes in the electrophoretic <listribut ion of
fenaLe mice piilsma prrrteins were less noticeable.
Sirni lar electrophoretic 'f indirigs s'ere reported by
Coivin and r{angl (i974) and Shinrai ia (1989).

The present study will help in establishing
a laboratory method to evaluate tlhe efficacy of
the dif f erent anticoagulants. .the prothronbin
time (PT) and partiai thrombopiastin time (PTT)
may be used as a rapi,d and accurate nethod for
determining the level of resistance to any
anticoagulant rodenticides and the, susceptibility
of the di fferent rodent spec, i es to these
chemical s. lloreover, measurenent of PT and PTT
is a satisfactory method for monitoring patients
on anticoagularrt therapy, as wel I as poisoning.
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