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Introduction: D ich lo rvos (2, 2 -d i ch lo rov iny I 
dimethyl phosphate (DDVP) is widely used in 
Nigeria for the preservat ion of s tored gra ins , 
especially dry beans . R e s i d u e s of th is 
organophosphate p e s t i c i d e may t h e r e f o r e 

Introduction : Lc dichlorvos (2, 2-dichlorovinyl 
dimcthylc phosphate) (DDVP) est largemcnt utilise 
an Niger ia pour la conse rva t ion des gra ins 
cntrcposcs, en particulicr des haricots sees, ct des 
icsidus do cc pesticide organophosphorc pcuvcnt . 4, , . " v , v - i'voi.v,iuc uiuduupnospnorc pcuvcn 

nadvcrtcntly be present ,n such products . The clone etre presents par inadvertence dans ces produits. 
present study investigates the hcpato toxic and 
clastogcnic c fleets of high doses of DDVP in rats as 
a mimic to its indiscriminate use on store products. 
Methods: Male rats (100-150 g) were randomly 
divided into six groups of five each. Treatments (p.o) 
were as follows: Group 1-distilled water; Group 2 
(control)-corn oil; Groups (3-5)-varying doses of 
DDVP (5-20 mg/kg b.w) and Group 6-(2.5 mg/kg) 
sodium a r scn i t c . A f t e r 2cS d a y s , i n d i c e s of 
liepatotoxicity [scrum activities ofgamma-glutamyl 

Cc t tc e tude p rcscn tc cnque tc sur Ics c f f c t s 
hepatotoxiqucs ct dc clastogcncs a fortes doses de 
DDVP chcz Ics rats, commc unc imitation de son 
utilisation sans disccrnemcnt sur Ics produits cn 
reserve. 
Methodes : Des rats males (100-150 g) ont etc diviscs 
au hasard cn six groupes dc cinq chacun. Lcs 
traitcmcnts (p.o) ctaicnt lcs suivants: Groupc 1 - cau 
distil Ice; Groupc 2 (tcmoin) - huile dc cerealc; 
Groupes (3-5) - doses variables de DDVP (5-20 mg 
/ kg dc poids corporel) ct du groupe 6- arsenite transferase (yGT), alkaline phosphatase (ALP), V n 

alanine and aspartate a m i n o t n m s f p r n ^ iai t m.-iH , . . . ^ A 1)1 c s J o u r s> mdiccs alanine and aspartate aminotransferases (ALT and 
AST)] and c las togcnic i ty [ re la t ive number of 
micronuclcatcd p o l y c h r o m a t i c e r y t h r o c y t e s 
(mPCEs)] were determined. 
Results: DDVP at all the tested doses induced 
significant (p < 0.05) increase in activities of yGT, 
ALP, ALT and AST. It also significantly (p < 0.05) 
induced mPCEs formed in the bone marrow as 
compared with the control. The level of induction 
was dose dependent in both eases. In addition, there 
was significantly (p < 0.05) higher number of hepatic 
cells in the cell/mm2 assay for the group treated with 
DDVP. Histopathologic^ analysis of liver samples 
from the t rea ted g r o u p s r e v e a l e d l e s i o n s 
corroborating the biochcmical indices above. 
Conclusion: Findings from this study suggest that 
DDVP has clastogcnic and hcpatotoxic cfleets in rats. 
There is therefore a need for strict regulatory control 
and monitoring of the use and residues of DDVP in 
storcd products. • 

Kcy\v ords: A mi not runs/eras es, Micronudeat ed 
Polychromatic erythrocytes (mPCEs), DDVP. 
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d'hcpato-toxicitc [activitcs scriqucs du gamma-
glutamyl transferase (yGT), la phosphatase alcaline 
(ALP), Talaninc ct Taspartamc aminotransferase 
(ALT ct AST)] ct la clastogenicitc [nombrc rclatif 
d ' c r y t h r o c y t c s po lych roma t iqucs micro-
nuclccs (mPCEs)] ont ctc detcrminccs. 
Resultats : Lc DDVP a toutcs lcs doses tcstecs 
a induit unc augmentation significative (p <0,05) des 
activitcs dc yGI, ALP, ALT ct AST. II a egalcmcnt 
induit s i g n i f i c a t i v c m c n l (p <0,05) 
des mPCEs formes dans la mocllc osscusc par 
rapport au tcmoin. Lc niveau d'induction depend dc 
la dose dans lcs deux cas. En outre, il y avait un 
nombrc significatif (p <0,05) plus eleve de cellules 
hepatiques dans lc test ccllulc/mm : pour lc groupc 
traiteavee DDVP. L'analyse dc Phistopathologic des 
cchantilions hepatiques des groupes traitcs a rcvclc 
des lesions corroborant aux indices biochimiqucsci-
dessus. 
Conclusion : Lcs resultats de ccttc etude suggcrcnt 
que lc D D V P a des c f f c t s c las togcncs ct 
hepatotoxiqucs chcz Ics rats. II cxistc done un besoin 
dc controlc rcglcmcntairc strict ct dc surveillance 
dc 1 'utilisation ct des residus dc DDVP dans Ics 
produits stockcs. 

M o t s - c l c s : taminotransferase, micro-
ti in. lees er\'throe \ 7 es />< >1 \ 'chromes (in PCEs), DD VP 
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Introduction 
Significant progress has been made in understanding 
the molecular basis of cancer and other diseases. This 
often involves defects in diverse number of genes 
11 ]. Such defects can be initiated by environmental , 
biological, physical and chemical agents. Some of 
the agents arc deliberately taken as with excessive 
cthanol in drinks while others, arc inadvertent ly 
introduced into the biological system. Pesticides that 
arc used in crop processing and production belong 
to the latter category. Increasing use of pesticides in 
agriculture has been attributed as a factor behind 
recent all year food availabi l i ty and increase in 
agricultural productivity [2]. 

One such pes t i c ide is d i ch lo rvos (2, 2-
dichlorovinyl d imethyl p h o s p h a t e , D D V P ) , an 
organophosphatc pesticide that is effect ive against 
aphids, spider, mites, caterpillars, thrips, and white 
(lies [3,4J. It is used for space treatment during food 
processing, handling, and in storage plants, fccdlots, 
stockyards, corrals, holding pens, animal buildings, 
poul t ry h o u s e s , as w e l l as c o m m e r c i a l a n d 
institutional buildings. In Nigeria, it is widely used 
in the preservation of stored grains especially dry 
beans. European Union recently placed a ban on 
importation of Nigerian dry beans due to presence 
of high concentration of DDVP beyond permissible 
limit of 0.01 mg/g [5 ,6 ] . 

Although there arc concerns regarding the 
environmental and ecological impact of DDVP, only 
little is known about its toxicity in the mammalian 
sys tem [7, 8]. T h e r e is a need fo r i n c r e a s e d 
understanding of the toxic effects of this class of 
chemicals used indiscriminately in food preservation 
in order to define the health risk associated with 
exposure to them. This study was designed to assess 
the hcpatotoxic and clastogcnic effects of DDVP 
when administered at high doses in experimental 
male Wistar rats. 

Materials and methods 
Test subs lances 
Dichlorvos (2,2-dichlorovinyl dimethyl phosphate) 
was purchased from Amcnss Agrochcmicals, Mokola 
Jbadan. The stock solution was prepared by making 
up 0.5 ml of dichlorvos (1 g/ml) to 50 ml using corn 
oil to give a concentration of 10 mg/ml. 

Kits ami Chemicals 
Aspa r t a t e a m i n o t r a n s f e r a s e ( A S T ) , a l a n i n e 
aminotransferase and y-glutamyl t ransferase kits 
were purchased from Randox Laboratories, United 
Kingdom. May Griinwald stain, DPX mountain, 
Gicmsa stain, and co lch ic ine were f rom Sigma 
C hcmical Co. USA. 
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Experimental animals and treatments 
Thirty male albino rats weighing between 100-150 
g were obtained from Olufarms, Ibadan; and housed 
in the experimental animal facility of our department. 
The animals were kept under the condition of 12 
hours light/ dark cycle and temperature of 28 + 2 °C 
with free access to feed pellets (Vila Feeds, Mokola, 
Ibadan) and waters/ l ibi tum throughout the duration 
of the experiments. 

The rats were divided into six groups of five 
rats each and treated as follows: 
Group / : Given distilled water 
Group 2: Given corn oil only. 
Group 3: Administered DDVP at 5 mg/kg body 
weight 
Group 4: Administered DDVP at 10 mg/kg body 
weight 
Group 5: Administered DDVP at 20 mg/kg body 
weight 
Group 6: Given sodium arscnitc at 2.5 mg/kg body 
weight (this is 1/10"' LD50 in rats [9]. 

Sodium arscnitc was used as a s tandard 
geno tox in and hepatotoxin [10, 11]. The test 
substances were administered every other day for a 
period of four weeks by oral gavage. Experimental 
an imal s were treated and sacrificed fol lowing 
standard rules laid down by the University Ethics 
Committee on the treatment of experimental animals. 

Serum samples preparation 
The rats were sacrificed by cervical dislocation. 
Through cardiac puncture, blood was collected from 
each of the sacrificed animals into plain tubes and 
allowed to clot at room temperature for about 2 
hours. The clotted blood samples were ccntrifugcd 
al 3000 g for 10 minutes at 4 °C using Bcckman L5-
50B ul traccntr i fugc (Ramsey, MN, USA). The 
supernatant (the scrum) was separated and used 
immediately or stored at -20 °C until required. 

Biochemical assays 
Micronuclei assay 
The method of Schmid [12] was adopted in the 
preparation of bone marrow smears. The femurs were 
removed from the sacrificed rat and stripped clean 
of muscle. A pair,of scissors was used to make an 
opening in the iliac region of the femur. A small pin 
was then introduced into the marrow canal at the 
epiphyseal end. As the pin was pushed inside the 
canal, the marrow exuded through the hole at the 
iliac end. The marrow was placed into a slide and a 
drop of fetal calf scrum was added lo the smear using 
a Pasteur pipette. The marrow and fetal calf were 
mixed lo homogeneity using a clean edge of another 
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slide. The homogeneous mixture was then spread 
on the slide as a smear and allowed to dry. "Hie eells 
on the slides were viewed under light microscopc to 
detect the presence of micronucleatcd polychromatic 
erythrocytes (niPCI:s). Micronuclci and mPCTs stain 
blue while mature erythrocytes stain red. Tally 
counter was used to aid the scoring of mPCUs. 

Protein determination 
The protein concentrations of the various samples 
were determined by Biuret method as described by 
Gornal and his research group [13]. Potassium iodide 
was added lo the reagent lo prevent precipitation of 
Cu2, ions as cuprous oxide. In some cases ihe serum 
or supcrnatants from liver homogenate were diluted 
100 times with distilled water. Then, 1 ml of the 
original or diluted sample was taken and added lo 3 
nil of Biuret reagent. The determination was done 
in triplicates. The mixtures were incubated al room 
tempera ture for 30 m i n u t e s a f t e r wh ich the 
absorbance was read at 540 nrn using distilled water 
as blank. The protein concentration for each of the 
samples was obtained by extrapolated from the 
standard curve. 

Enzyme assay 
Gamma glutamyl transferase activity (aGT) 
Serum aGT was assayed using the reconstituted aGT 
diagnostic reagent following the method of Szasz 
[14]. 

Alanine amino transferase (ALT) and aspartate 
amino transferase (AST) activities 
Serum ALT and A S T ac t iv i t i e s were assayed 
according to Reitman and Frankel [ 15] by monitoring 
an intensely coloured hydrazone read at 546 nm using 
a Spectronic-20 s p e c t r o p h o t o m e t e r ( T h e r m o 
Scientific, Surrey, UK). 

Mistopatliological analysis '' 
Liver tissues from the animals were immersed in 10 
% buffered formal-saline. These were left for 24 
hours lor fixation of the organs after which cross-
sections o( the organs were cut at 3 mm thickness 
and placed in a processor overnight. In the processor, 
the tissues were placed first in 70 % alcohol for 2 
hours, followed by 90 % alcohol for another 2 hours, 
xylol for 4 hours, and finally, in wax for 5 hours. 
1 he tissues were removed, embedded in molten fibro 
wax and allowed lo solidify under a running tap. The 
tissues, mounted on wooden blocks, were then 
chilled on ice. Sections of the tissue were cut al a 
thickness between 3 and 5 mm using the rotary 
microtome and then allowed to float in 20 % alcohol, 
followed by water al 58°c (in an incubator). It was 
then placed on albumized glass slides and dried on a 
hot plate al 60 °C. The slides so prepared were 
initially placed in xylol and washed with decreasing 
concentration of absolute alcohol, 90 % alcohol, 80 
% alcohol and finally, 70 % alcohol. They were 
washed in water stained with Cole ' s haematoxylin, 
w a s h e d aga in wi th wa te r , f o l l o w e d by 1 % 
hydrochloric acid, running tap water and rinsed in 
saturated lithium carbonate. These glass slides were 
transferred to 1 % aqueous solution of eosin for 2 
minutes, and washed in a running tap. They were 
c leaned, mounted on Depex a f te r t reatment in 
absolute alcohol. The slides were finally allowed to 
dry on the bench al room temperature and then 
viewed under the microscopc. 

Cells per mnr analysis 
The numbers oi hepatocytes per mm2 on stained 
slices, prepared from the liver were counted under a 
Nikon light microscope at x400 with the aid of a 
grid and tally counter. 

Determination of lipid peroxidation 
Lipid peroxidat ion level w a s d e t e r m i n e d by 
measuring the thiobarbiluric acid rcaelive substances 
(I BARS) produced during lipid peroxidation. An 
aliquot of 0.4 ml ol the sample was mixed with 1.6 
ml ofTris-KCI buffer lo which 0.5 ml of 30 % TCA 
was added. 0.5 ml of 0.75 % TBA was added and 
placed in a water bath for 45 minutes al 80 °C. This 
was ihcn cooled on ice and centrifuged at 3000 g for 
10 minutes. Clear supernatant was collected and 
absorbance measured against reference blank of 
distilled water at 532 n m . The M D A 
(malondialdchyde) level was calculated according 
lo an established method 116). 

Haematological anal) sis 
White blood cell (WBC) (total and differential), total 
red blood cell (RBC), haemoglobin (I lb), packed cell 
volume (PCV), and platelets were determined from 
blood samples collected in 'HDTA bottles using 
standard techniques. 

Statistical analysis 
Data were expressed as mean j_ standard deviation 
and analysed by one-way analysis of variance 
(ANOVA) followed by least significant difference 
(LSD) lo test for significant differences among the 
groups of rats using Statistical Package for Social 
Sciences (SPSS) program. P values less than 0.05 
were considered statistically significant. 
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Results . 
Adminislration ol sodium arscnilc (2.5 nig fc 10^ 
weight) , used as s tandard toxicant in this study, 
r e s u l t e d in s i g n i f i c a n t ( p « ) . 0 5 ) r e d u c t i o n in 
percentage change in body weight compaiec w i n 
the group uiven distilled water only (Ciioup I )• A so, 
administration of DDVP in corn oil. at all doses, 
caused significant (p < 0.05) reduction in the percentage 
change in body weight when compared to the control 
Group 2 treated with com oil (Fig. !)• 

•") Olunluimi. <•! <// 

In addit ion, f indings f rom the micronuclcus 
assay showed that D D V P at all doses tested, induced 
formation of micronuclci at levels similar to sodium 
arsenite. The number of m P C H s scored per 1000 
PC'l s in the bone mar row cells ol lats in each of the 
t reated g r o u p s ( G r o u p s 3 -6 ) w c i e significantly 
h igher than obse rva t i ons m a d e in the respective 
control (Groups 1 and 2) (Fig. 2). Furthermore, 
adminislrat ion of sod ium arsenite at 2.5 mg/kg body 
weight or DDVP (at 10 mg and 20 mg/kg body weight) 
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Fig. 1: Effects of DDV l> on percentage change in body weight and relative l.ver «e igh t s ol rats . \ , a lucs . . c mean SD n 5) 
croup I represents negative control given distilled water; group 2 rats were given corn oil only (corn oil was used as % chicle for 
DDVP)- group 3 rats were treated with DDVP at 5 mg/kg: group 4 rats were treated with DDVP at 10 mg/kg; group 5 rats were 
uiven DDVP at 20 mg/kg; group 6 served as positive control group treated with 2.5 mg/kg sodium arsenite dissolved in distilled 
water # = significantly different (p < 0.05) from control group 2. * = significantly different (p < 0.05) from control group I. 

Fift.2: Induction of micronuclci formation in the hone marrow cells hy DDVP. Values are means ± SD <n S ) ^ ' ^ 5 
represents negative control given distilled water; group 2 rats were given corn oil only; group 3 rats were treated w ith 
mg/kg; group 4 rats were treated \\ ith DDVP at 10 mg/kg; group 5 rats were gi \cn DD\ P at 20 mg/kg, group <> seiAcd as l x Y S ' ^ 
control group Heated with 2.5 mg/kg sodium arsenite dissolved in distilled water. :* -- significantly different (p< ° 0 > ) K 

control group 2. * - significantly different (p 0.05) from control group I 
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Fig. 3: High doses of DDVP induced hepatic cells proliferation in rats. Values are means + SD (n =5); group I represents 
negative control given distilled water; group 2 rats were given corn oil only; group 3 rats were treated with 5 mg/kg DDVP; group 
4 rats were treated with 10 mg/kg DDVP; group 5 rats were given 20 mg/kg DDVP; group 6 served as positive control group 
treated with 2.5 mg/kg sodium arscnitc in distilled water, ft = significantly different (p < 0.05) from conlrol group 2. * = significantly 
different (p < 0.05) from control group I. 
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k'R- 4: E f f , . . c , s of ddv,, „„ s c r i m l g l u t a m y l t ransferase activity in nils. Values arc means + SI) <n 5); group I 
represents negative control given distilled water; group 2 rats were given corn oil only; group 3 rats were l r ^ d H..h 5 mg 
® D0VP; group 4 rats were treated »ith 10 mg/kg DDVP; group 5 rais « ere given 20.mg/kg DDVI. P cd « 

PWiihc control group treated w,.1, 2 5 mg/kg sodium arscnitc in dislillcd «atcr. # = sigmficanily d.fferuit (p 0.05) from 
control g r o u p 2 • = significantly different (p < 0.05) from control group I 

triggered significant increase in the l iver ccll per m m 2 

compared with the control g r o u p (Fig . 3). 
T rea tmen t o f ra t s w i t h s o d i u m a r s c n i t c o r 

Dl)VP (at all d o s e s ) p r o d u c e d s i g n i f i c a n t i n c r e a s e 
1,1 mean sc rum a G T a c t i v i t i e s c o m p a r e d w i t h the 

con t ro l g r o u p s t reated wi th dis t i l led w a t e r or co rn 
oil a lone . T h e inc rease in the e n z y m e ac t iv i ty in 
g r o u p s t rea ted wi th D D V P is d o s e d e p e n d e n t (F ig . 
4) . O b s e r v a t i o n m a d e wi th A S 1 and A L I ac t iv i t i e s 
(F ig .5 ) . and A L P ac t iv i ty (F igure 6 ) in t he t r ea ted 
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Fig. 5: Effects of DDVP on scrum alkaline phosphatase activity in rats. Values are means + SD (n =5); group I represents 
negative control given distilled water; group 2 rats were given corn oil only; group 3 rats were treated with 5 mg/kg DDVP; group 
4 rats were treated with 10 mg/kg DDVP; group 5 rats were given 20 mg/kg DDVP; group 6 served as positive control group 
treated with 2.5 mg/kg sodium arsenite in distilled water, it = significantly different (p< 0.05) from control group 2. * = significantly 
different (p < 0.05) from control group I. 

Fig.6: Administrat ion of DDVP produced raised serum alanine and aspar ta te aminot ransferases (ALT and AST) activities 
in rats . Values arc means + SD (n =5); group I represents negative control given distilled w ater; group 2 rats were given corn oil 
only; group 3 rats were treated with 5 mg/kg DDVP; group 4 rats were treated with 10 mg/kg DDVP; group 5 rats were given 20 
mg/kg DDVP; group 6 served as positive control group treated with 2.5 mg/kg sodium arsenite in distilled water. U = significantly 
different (p < 0.05) from control group 2. * = significantly different (p < 0.05) from control group I. 
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Figure 7: Effect of DDVP on tissue hepatic protein in rats. Values arc means + SD (n =5); group I represents negative control 
given distilled water; group 2 rats were given corn oil only; group 3 rats were treated with 5 mg/kg DDVP; group 4 rats were 
treated with 10 mg/kg DDVP; group 5 rats were given 20 mg/kg DDVP; group 6 served as positive control group treated w ith 2.5 
mg/kg sodium arsenite in distilled water U - significantly different (p < 0.05) from control group 2 * significantly diffeient (p 
< 0.05) from control group I. 
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Fig. 8: Lipid peroxidation index (MDA) in rats treated with DDVP. Values arc means + SD (n =5); group I represents negative 
control given distilled water; group 2 rats were given corn oil only; group 3 rats were treated with 5 mg/kg DDVP; group 4 rats 
were treated with 10 mg/kg DDVP; group 5 rats were given 20 mg/kg DDVP; group 6 served as positive control group treated 
with 2.5 mg/kg sodium arscnitc in distilled water, it = significantly different (p < 0.05) from control group 2. • = significantly 
different (p < 0.05) from control group I. 

Fig. 9: Selected photomicrograph of the liver sections (\40) rats treated and untreated with DDVP. Negative control group 
(1) distilled water: no visible lesions seen. Negative control group (2) rats given corn oil only: no visible lesions seen. Rats treated 
5 mg/kg DDVP (3): There is moderate portal fibroplasia and cellular infiltration by mononuclear cells. Rats treated with 10 mg/ 
kg DDVP (4): There is mild to moderate periportal infiltration by mononuclear cells. Rats given 20 mg/kg DDVP (5): There is 
extensive and sinusoidal congestion with periportal and some extent of diffuse cellular infiltration. Positive control group (6) 
(Rats treated with 2.5 mg/kg sodium arscnitc): There is very severe portal congestion, ccllular infiltration and fibroplasia. 

and control groups followed pattern similar to the 
findings for aGT activity. Moreover, significant 
reduction (p<0.05) in total hepatic protein was 
observed in all the groups treated with sodium 
arscnitc or DDVP compared with the negat ive 
control (Fig.7). On the other hand, lipid 

peroxidation, measured as fimo\ MDA/mg protein, 
increased significantly (p<0.05) in groups treated 
with sodium arsenite (group 6) and DDVP (at 10 mg 
or 20 mg/kg body weight) (groups 4 and 5) compared 
with the control. There was no significant difference 
(p>0.()5) between groups treated with DDVP at 5 
mg/kg and control (Fijg.8). 
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T h e h i s t o l o g i c a l a s s e s s m e n t f o r l i v e r 
integrity showed that whi le g roups I and 2 given 
distilled water and c o m oil a lone respect ively had 
no visible lesion, rats treated with 5 mg /kg D D V P 
(group 3) showed a modera te portal f ibroplasia and 
cellular inf i l t ra t ion by m o n o n u c l e a r ce l l s . Ra ts 
treated with 10 mg/kg D D V P (group 4) showed a 
mi ld to m o d e r a t e p e r i p o r t a l i n f i l t r a t i o n by 
mononuclear cells. In rats given 20 mg/kg D D V P 
(group 5), there is an e x t e n s i v e and s inuso ida l 
congestion with periportal and some d i f fuse cellular 
infiltration. In the posit ive control (group 6), treated 
with 2.5 mg/kg sodium arseni te , there is very severe 
po r t a l c o n g e s t i o n , c e l l u l a r i n f i l t r a t i o n a n d 
fibroplasias (Figure 9). 

T h e e f f ec t o f D D V P t r e a t m e n t on ra t s ' 
haematological pa rame te r s is shown on Table 1. 
Overall, administration of D D V P did not produce 
significant effects (p>0.05) on R B C counts, PCV and 
Hb values compare with the control given corn oil 
only . H o w e v e r , at all d o s e s o f D D V P . W B C 
increased s ign i f i can t ly ( p < 0 . 0 5 ) c o m p a r e d with 
control (Table 1). 

•ghunam, JO Olughami. ci ol 

pesticide for the duration of exposure has no effect 
on the overall liver mass turnover. 

It was observed that treatment with 1)1)VP 
(al 10 and 20 mg/kg body weight) produced increased 
l i v e r ce l l c o u n t s compared with the cont ro l , 
suggest ing that the insecticide is able to promote 
hcpatocytes proliferation. The induction of increased 
liver cell populations in the exposed animals may 
be an adap t a t i on by the rats to get rid of the 
potential ly toxic insecticides. Benford and others 
[17] h a v e a l so demons t ra t ed an enforced cell 
proliferative property ofdichlorvos in B6C3F1 strain 
of mice. However, another research group [18] has 
reported DDVP induction of cell death in vitro. In 
addi t ion, we observed that the administration of 
( D D V P ) or sodium arsenite promotes significant 
( p < 0 . 0 5 ) f o r m a t i o n of mic ronuc lc i in the 
polychromatic erythrocytes (PCEs) of the rats bone 
m a r r o w c e l l s s u g g e s t i n g that D D V P caused 
c h r o m o s o m e aberrat ions and nuclear anomalies 
d u r i n g mi tos i s . Th i s is consistent with earlier 
observat ions made with sodium arsenite [11,19] and 
carbofuran [20]. Similar findings were also reported 

Tab le 1: Effects of Dich lorvos on Haematologica l parameters of Wistar male rats 

Groups Trea tment R B C W B C PCV lib 

1 Distilled wa te r 7 .30±0.14 73S3.3±275 .4 44.3± 1.20 59.63±4.52 
2 C o m oil 7.51 ±0.05 5533 .33±464 .6 45.33± 1.15 15.6±0.1 
3 5 mg/kg D D V P 7 .75±0 .13 10466.67±202.1# 44±1.73 13.93±0.95# 
4 10 mg/kg D D V P 7 .76±0 .30 8566 .67±208 ,2# 47±1.00# 15.43±0.15 
5 20 mg/kg D D V P 8.41 ±0.27 715 0± 132.3// 49.67±2.89 17.1 ± 1.15 
6 2.5 mg/kg S.A. 8.11 ±0.31 * 5850±475 .2* 48.67±1.53 16.23±0.25* 

DDVP= 2, 2-dichlorovinyl dimethyl phosphate; S.A = sodium arsenite. U = significantly different (p < 0.05) from 
control group 2. * = significantly different (p < 0.05) from control group I. Values are means +_ SD (n =5). 

Discussion 
This study was designed to investigate hepatotoxicity 
and clastogcnicity of high doses of D D V P in Wistar 
rats using s o d i u m a r sen i t e as s t anda rd toxicant 
[ 10,11 ]. Our findings showed a signif icant decrease 
in percentage body weight change in the g roups 
treated with sodium arseni te and D D V P compared 
with the control groups. I bis suggests thai D D V P 
or sodium arsenite. within the durat ion of the study, 
exert detrimental e f fec ts on the sys temic activit ies 
in the body of experimental rats. Moreover , a loss of 
appetite was observed in the rats adminis tered the 
chemica l s . H o w e v e r , t h e r e w a s n o s i g n i f i c a n t 
difference in the relative liver weights between the 
groups of rats treated with sodium arsenite or D D V P 
compared with the control g roups indicating that the 

in the culture of human peripheral blood lymphocytes 
with D D V P [21]. 

Scrum enzymes. aGT, ALP, AST and ALT. 
activities are used in the diagnosis of hepatic injuries 
and diseases, and elevation in the levels of these 
e n z y m e s is an indication of a liver lesion [22-24]. 
The finding in the present study, showing that DDVP 
induces activities of the transaminases in treated 
groups of rats compared with the observation made 
w i t h t h e c o n t r o l g r o u p , sugges t s that orally 
adminis tered DDVP is hcpatotoxic in the animals 
and causing damage to the liver cells resulting in 
t h e r e l e a s e of these enzymes into the blood 
Moreover , histopathologic^! analyses of the liver 
sect ions indicated thai DDVP (and sodium arsenite) 
induced degeneration in the liv er cells. Observations 
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range from a mild lo severe periportal infiltration of 
mononuclear cel ls , an ex t ens ive and severe 
sinusoidal congestion, diffuse cellular infiltration, 
severe central venous and portal congestion and 
cellular infiltration and fibroplasia. Ilepatotoxicity 
of DDVP in the aquatic organism. Misgurnus 
imguillicaudatus, has also been reported recently |25]. 

The observed total hepatic protein in the 
treated groups was found to be much lower than the 
control group. This finding is similar to earlier 
observation [26J which was reported as a significant 
decrease in protein level in Chat ma gachua exposed to 
DDVP. In addition. DDVP along with other insecticides 
have been reported to alter metabolism of proteins, 
glucose and fats [27). Moreover, treatment with DDVP 
or sodium arscnitc resulted in a significant increase in 
the level of lipid peroxidation products (TBARS) 
compared to the control groups. Several studies have 
also associated the toxicity of DDVP to its induction of 
oxidative stress [28-31 J. 

Administration of DDVP did not produce 
significant effect on RJ3C count, PCV and Mb in the 
experimental rats (p > 0.05) compare with control. 
Significant decrease in mean corpuscular volume 
after five weeks of exposure to DDVP has been 
reported [32]. The disparities between the findings 
in this report and that of Edcm and co-workers [32] 
may be due to differences in route of exposure and 
duration of exposure to DDVP. On the other hand, 
we recorded that DDVP at all doses enhanced the 
WBC counts (p < 0.05) compared with control group 
treated with corn oil only. This suggests that DDVP 
is recognised by the body defense as foreign or 
pathogenic leading to proliferation of WBC. This 
finding supports the carcinogenic potential of long 
term intoxication of DDVP [33]. 

In conclusion, the findings from this study 
suggest that DDVP has clastogenic and hepatotoxic 
effects in rats and may be carcinogenic long term. 
Considering the profile of toxicities of DDVP in 
experimental rats, it could constitute a big risk lo 
human health. There is therefore an urgent need for 
strict regulatory control for the use of DDVP for food 
preservation, and effective monitoring system of its 
residues in stored products before they gain access 
to the consumers. This regulation will not only 
provide health safety measures but will enhance the 
international consumer confidence and provide a 
much needed thriving source of foreign exchange 
for developing countries. 
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