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Toxicity Assessment of Sub Lethal Doses of
Chlorpyrifos on the Kidney and Liver Organs of Male
Wistar Rats

ABSTRACT

Chlorpyrifos, an organophosphate pesticide isvgportant neurotoxic and tissue damage agent.
It is one of the most heavily used pesticides imdstic and agricultural applications globally.
Repeated doses of chlorpyrifos have been able tsecaignificant disturbances on the
biochemical and physiological functions of the lpand histological abnormalities in livers
and kidneys exposed to this insecticide. The ttriiof sub lethal oral administration of
chlorpyrifos daily for 28 days were assessed uaiegmpletely randomized design. Twenty five
albino Wistar rats weighing between 150-200g digideo five groups containing five rats each
were housed in the Central Animal house of CollegeMedicine, University of Ibadan.
Chlorpyrifos at 0 (control), 18.9, 25.9, 32.2 aredZ3ng/kg were orally administered to male rats,
respectively for four weeks, between the monthdMafy and June, 2014. At the end of the
experimental period, the toxicities of chlorpyrifegere assessed in rats using haematology,
serum liver enzymes and histopathological assagsul revealed significant reduction in body
weights compared to control. The packed cell vol{R€V), hemoglobin (Hb) and lymphocytes
(Lymp) also showed significant reduction at 39.3.9%2and 32.2mg/kg (39.33, 45.40 and
44.80%), respectively compared to control (49.67gecticide administration to rats resulted
in significant elevation of serum transaminasesTA8d ALT) and alkaline phosphatase (ALP)
from 32.2, 39.2 and 25.9mg/kg dosages, (ranged #8Mm94-542u/L for AST and from 96.25-
130.77u/L for ALT), respectively. Also, experimenteeated groups exhibited marked of total
protein and altered albumin and globulin contermgared to control. Studies revealed dose
dependent increase of histopathological alteratibhe livers showed moderate vacuolar change
of hepatocytes, having a finely reticulated cytepiec and congestion of central veins. The
kidneys showed mild focal sloughing off of tubu&pithelium of renal cortex, fluid in tubular
lumen, tubules appearing dilated and cystic (neplyoand proteinaeceous fluid in Bowman's
capsule and compressing the glomerulus tufts (psifho). Different concentrations of
chlorpyrifos including the lowest tested dose pastl marked alterations in the exposed
animals in this study and thereby affecting theraNeperformance in terms of health and
wellbeing. Thus, this could cause similar healthl @mvironmental risks to humans even at
lowest dose.

Keywords: Chlorpyrifos, Toxicity, Biochemical, Haematology, Histopathology

1. INTRODUCTION

Chemical pesticides are to improve the quantity qumlity of food to feed the ever increasing
world human and animal population and promote pudialth [1]. However, they become one
of the most widely available environmental contaamnits that are deliberately released to the
environment. Pesticides fall into numerous chenstadses, which have widely differing
biological activities and thus differing potentialproduce toxic effects in living organisms,
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including humans [2] and thgipisonings in developing countries had been ocguama result

of their misuse. Unintended exposure to toxic pets can occur during their manufacturing,
formulation and application or from environmentesidues after application [3]. Chemical plant
workers, transport workers and pesticide applicatespecially the farmers) [4] are the major
occupational groups that might be exposed to diffetoxic pesticides. Also workers in

industrial settings are at increased risk sincg Handle various toxic chemicals including
pesticides, raw materials, toxic solvents and icartiers.

Organophosphates (OP’s) are the esters of pentdyai@sphorous acid, exhibiting wide range
of toxicity in mammals [5]. Organophosphate insgdgs are one of the most widely used
chemicals in agriculture and public health [6]. T¢twmpelling needs to improve human and
animal nutrition and promote public health hasti@én increase in organophosphates usage in
recent time as they are used extensively to comigakultural, household and structural pests

[71.

Chlorpyrifos, (O, O-diethyl-O-(3,5,6-trichloro-2-ypdyl}-phosphorothioate) is a chlorinated
organophosphate (OP) insecticide with a broad spmaciof activity such as acaricide and
nematicide used on pests of plants, animals andahsimt has been widely used in domestic,
agricultural and to control public health pestsisas mosquitoes and fire ants [8]. Chlorpyrifos
has been reported as one of the most widely usgdnophosphate insecticides, thereby
accounting for more than 50% of global insecticidaé [9]. Chlorpyrifos’ toxicity is typically
manifested in the central and peripheral nervossesy where it inhibits acetylcholinesterase by
its active metabolite (Chlorpyrifos- oxon) leadihg cholinergic hyper stimulation. Another
associated mechanism implicated in the inducedcémsis includes the induction of oxidative
stress by the organophosphate compounds [10].

Literatures have reported about sub chronic tosmichl studies of chlorpyrifos in rats which
revealed reduced weight gain and slight histopatfichl changes in adrenal gland with
significant brain and plasma AChE inhibition [1IThe evidence that chlorpyrifos causes
alteration changes in some histopathological, helogical and biochemical parameters in
experimental animals were reported from the studfdsazmiet al. (2003)[12]; [13] and [14].
Chlorpyrifos, an organophosphate has also beertifiéenin showing a number of additional
toxic effects which include hepatic dysfunction, ehmtological and immunological
abnormalities, embryotoxicity, genotoxicity and re@hehavioral changes as reported by the
earlier researchers: Heikatlal. (2012a)[15]; [16];)[17]; [18] and [19].

Humans and animals are occasionally and uninteatioaxposed to lethal and sub-lethal
doses of pesticides [20]. This stems from its catus uses-door, due to household use in
the control of termites and as protectants in tiesgrvation of kola, maize and yam flour chips,
pesticide exterminator application and dietary (ingestion) exposure [21] thereby
aggravating toxicity in human and ill health. Pas researchers have reported that repeated
exposure to chlorpyrifos has been shown to causaeselamage to the vital organs. Therefore,
due to the widely usage of chlorpyrifos domestigatt agriculture and public health
continuously necessitated the study of its toxigmlal effects. This present study was aimed at
assessing the toxicity of sub lethal doses of Qiyigios on haematology, biochemical and
histopathology of kidney and liver organs of maistar rats.
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2. MATERIALS and METHODS

2.1Experimental sites

The experiment was carried out in the Departme@rop Protection and Environmental
Biology (CPEB) Toxicology laboratory, Faculty of Agulture and Forestry; Central Animal
house of College of Medicine, Clinical pathologyatiistopathology Laboratories of

the Department of Veterinary Pathology, Faculty¥eterinary Medicine, all in the University of
Ibadan, Nigeria.

2.2Experimental Animals

Twenty five maleRattus norvegicus (wistar) rats of five weeks old weighing 150 — 2Q&gd

for this experiment; were obtained from the expental animal house of the Department of
Veterinary Anatomy, Faculty of Veterinary Medicingniversity of Ibadan. Animals were kept
under and maintained at 27+2°c, with 12 hour lig&thour dark cycles, relative humidity of 75-
80% at the Central Animal house of College of MewicUniversity of Ibadan. They were kept
in procured, cleaned individual plastic cages turfweeks (28 days). The rats were divided into
five groups (A, B, C, D and E) of five rats eachaisage, and were acclimatised for one week
before experimentation. Growers mash feed solomadly and water were given to the
animals during acclimatisation and treatments s libitum. All animals were handled in
accordance with the guidelines for care and usabairatory animals as stated by the Animal
care and use research ethic committee.

2.3Chlorpyrifos pesticide

Chlorpyrifos trade names include DursB4and Lorsbaf" [22],480g/| EC (Dursban) used for
this study was purchased from Saro Agroscience adsriocated at Oluyole Estate Ibadan,
Oyo state, Nigeria. All other chemicals requiredbemchemical, haematological and
histopathological estimation were of high qualibdavere provided by the Department of
Pathology, Veterinary Medicine, University of Ibada

2.4 Chlorpyrifos pesticide sub lethal dilution

The Chlorpyrifos 4809/l stock solution used foistbtudy is liquid and soluble in water. Dilution
was carried out on the stock solution using thersbal formula as described by [23] at the
Department of Crop Protection and Environmentald®jg Toxicology Research Laboratory.
CiVi=GV;

Where G = Initial Concentration of Stock

V; = Volume of Stock used

C, = Concentration desired

V, = Volume desired

Dilution of 100g/l was made from the stock solution

The next dilution was made from 100g/I to prepdig/llof the insecticide. The following
concentrations of 18.9mg/l, 25.9mg/l, 32.2mg/l 8®mg/l were prepared from 10g/I.

The treatments were 0mg/kg (Control), 18.9mg/kg92iy/kg, 32.2mg/kg and 39.2mg/kg of
chlorpyrifos. All the treatments were administedally. Oral administration of the treatment
doses was done through gavaging for 28 days (feeks).
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2.5 Experimental design/ Animal grouping

The experimental used was a completely randomizsigd. The 25 male wistar rats were
grouped into five groups of five rats per cage. A B, C, D and E for chlorpyrifos were
administered at Omg/kg, 18.9mg/kg, 25.9mg/kg, 3g/&mand 39.2mg/kg, respectively.

2.6 Experimental Toxicological Study

A total of 25 male albino (wistar rats) were used aivided into five groups with five rats in
each cage. The various levels of Chlorpyrifos fainmbke treatments with a control group
(Omg/kg; no pesticide). The treatment levels weB9rmg/kg, 25.9mg/kg, 32.2mg/kg and
39.2mg/kg. All the treatments were administeredyd@arly in the morning) before feeding by
oral gavage using a 2ml oral cannula for a perio2iBodays. Weights of the animals were taken
weekly and at the end of the experiment.

Observations on toxicity were made on the behasiguaitterns of the rats during dosing. These
include shyness, signs of pesticide poisoning sagchoss of appetite, tremor, jerking of the
muscles, constricted pupils, aggressiveness, skiation, convulsion, vomiting, weight gain /
loss, paralysis and death [24].

On the termination day, 2ml of blood samples wakected through the ocular orbit from all the
surviving rats into vaccumtainer EDTAK3 tubes bypaenized capillary tubes, according to
[25]. The blood samples for serum biochemical asialwere collected by heparinized capillary
tubes into lithium heparinized tubes. The rats wsaerificed through cervical dislocation and
organs of interest were harvested which include Kitmey and liver for histopathological

examination.

The hematological and serum biochemistry analgses histopathological examinations were
carried out by the technology experts in the Céhgathology and Histopathology laboratories
of the Department of Veterinary Pathology, FacuifyVeterinary Medicine, University of
Ibadan, Nigeria.

2.7 Hematological and Serum Biochemical Analyses

Blood samples collected for packed cell volume (P@wl Haemoglobin (Hb) count were
determined using the micro haematocrit and cyanemetiglobin methods, respectively as
described by [25]. The Red blood cells (RBC) andté/hblood cells (WBC) were determined
using improved Neubauer haemocytometer after apjatepdilution [26]. The differential
lymphocyte counts were determined by scanning Gaesrstained slides in the classic manner
[26]. Blood chemistry analysis was also done teeam Total protein (TP) using the serum

total as estimated by Biuret method [27]. AlkalPlgosphatase (ALP), Alanine aminotransferase
(ALT) and Aspartate aminotransferase (AST) serumevadtained using the procedurgd].

2.8 Histopathological study

Preparation of experimental animal tissues (kida®y liver organs) of each rat for microscopic
examination, the histological procedures were fodld in a stepwise protocol such as fixation,
dehydration, clearing, infiltration, embedding, dkong, sectioning and staining. Tissue
specimens were collected from rats livers, kidraays testis and rabidly fixed in 10% neutral
buffered formalin. After proper fixation, thin pdfia sections were routinely prepared and
stained with Hematoxylin and Eosin (H & E) stain feicroscopical examination according to

4
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[29] through the light microscope (400x). The hpgtthological examination was conducted in
Department of Veterinary Pathology, Faculty of Vetary Medicine, University of Ibadan,
Nigeria.

2.9 Statistical Analysis

Data obtained in this study were analysed withwag analysis of variance (ANOVA),

group means were compared for significance at 9&8tidence level (p< 0.05) by Fischer’s

Least Significant Difference (LSD). Results wereganted as mean + standard error of the mean
(SEM).

3. RESULTS

Behavioural/morphological responses

Paralysis as a morphological response of chlorpyrifoxic effects was observed among the
experimental animals dosed with 32.2mg/kg treatraeweek three in this present study.

Feed Intake and Weight gain/loss

Effects of different concentrations of chlorpyrifos the feed intake of wistar rats from this
study showed significant differences (p< 0.05) @s@nted in Fig.1. Treated rats with 25.9mg/kg
dose of chlorpyrifos had the least feed intake Q%3). followed by treatment 18.9mg/kg in
having (73.0%). Feed intake of experimental ratsedowith 39.2mg/kg chlorpyrifos also
decreased progressively (82.0%). However, aninral® fthe control (Omg/kg) had significant
higher feed intake (96.0%) over other treatmentsth® animals treated reduced progressively
on feed intake with no significant difference (p®%) from each other except from the control
The results on toxicity of different concentratiamfchlorpyrifos on body weights showed the
treated animals with no significant difference (p85) amongst each other from week zero (0)
to week three (3). However, a highly significarffetience (p<0.05) between the control

(212.0g) and treated animals was observed (Fig.2).

Heamtological observations

The results showed the toxic effects of chlorpwifin hematological parameters: packed cell
volume (PCV), lymphocytes showed significant diéfieces (p< 0.05), while the neutrophiles and
monocytes revealed no significant difference (p5Pas shown in Fig.3.

The PVC revealed no significant difference (p> 0.@®tween the treatments 18.9mg/kg,
25.9mg/kg, 32.2mg/kg and control, while there wasignificant difference (p< 0.05) between
treated animals of chlorpyrifos at 39.2mg/kg anel ¢bntrol. Experimental rats from the control
had significant higher mean value (49.67%) for PW@ile the lowest mean value (39.33%) was
obtained from animals treated with 39.2mg/kg chyafps (Fig.3). The lymphocytes showed no
significant difference (p> 0.05) between the contaod treated animals with 18.9mg/kg,
25.9mg/kg and 39.2mg/kg. However, 32.2mg/kg treatnaifered significantly (p<0.05) when
compared with the control. The control had the &gihmean value (62.33%) for the
lymphocytes while animals treated with 32.2mg/képgbyrifos had the lowest value (45.40%)
(Fig.3). No significant differences (p>0.05) wereserved amongst all the treated and control
animals in the neutrophiles and monocytes of haalogital parameters. However, the
neutrophiles had highest mean value (50.00%) imalsi treated with 32.2mg/kg and lowest
value (32.67%) in the control. The trend in monesytevealed highest mean value (6.20%) in
animals treated with 39.2mg/kg and lowest (4.009®5.9mg/kg (Fig.3).



231
232

233
234

235

120 -

[=]
o
"

|

®
o
"

Average Feedtintake (%),
» =)
o o

/

—1 =18.9 mg/kg
—2 =259mg/kg
—3 =32.2mg/kg
—4 =39.2mg/kg

20 | —5 =0mg/kg
o] .
WKO WK1 WK2 WK3
Weeks
Figure 1: Effects of varying treatments of chlorpyrifos on
feed intake of wisar rats.
—18.9
220 mg/kg
—25.9
210 mg/kg
—32.2
200 mg/kg

T

Average Weight (g)
g 3

=
v
o

—39.2
mg/k

-
—

Y

WKO WK1 WK2 WK3

Weeks
Fig 2: Effects of varying treatments of Chlorpyrifos on the

average weekly weight (g) gain of wistar rats



~N
o
)

60 -
50 -
S
o 40 -
8 B PVC (%)
[=
S 30 - B NEUT (%)
()
& = LYMPH (%)
20 -
10 -
0 _
18.9mg/kg 25.9mg/kg 32.2mg/kg  39.2mg/kg Omg/kg
236 Dosages of Chlorpyrifos
237 Figure 3: Effects of varying levels of sub lethal of Chlorpyrifos on haematological
238 parameters of wistar rats
239 PVC = Packed Cell Volume, NEUT= Neutrophiles, LYMPH = Lymphocytes

240

241  The haemoglobin results in this study showed noiigint difference (p> 0.05) from animals
242  treated with 18.9mg/kg, 32.2mg/kg, 39.2mg/kg (1546 and 14.8g/dl) chlorpyrifos and control
243 (15.9 g/dl). While, the animals treated with 25.2kggdiffered significantly (p< 0.05) in having
244  (12.6 g/dl) from 18.9mg/kg (15.6 g/dl) and the coled animals (15.9 g/dl). The highest mean
245  (15.9 g/dl) for haemoglobin was recorded from tbetwl while lowest value (12.6 g/dl) was
246  from 25.9mg/kg chlorpyrifos treated animals (Fig.4)
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252  The results on toxic effects of chlorpyrifos on WB&ealed no significant difference (p> 0.05)
253 amongst all the treatments and control. Although ¢bntrol had highest mean values (8300
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254 x10°/mm?) for WBC, while the experimental animals treateithvd8.9mg/kg chlorpyrifos had
255 the lowest mean value (4460 Xir@m°) (Fig 5). No significant difference (p>0.05) wasserved
256  amongst all the treated and control animals inRBE€ of haematological parameter. However,
257 animals treated with 32.2mg/kg had highest meanueva(5.801&mm®) and lowest
258 (3.1010/mm?) was from 25.9mg/kg in RBC as shown in Fig. 6.
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Serum biochemistry observations

Results of toxic effects of chlorpyrifos on serunodmemical parameters on experimental
animals revealed significant differences (p<0.0&his study.

There was a significant difference (p< 0.05) kadihe phosphatase (ALP) of rats treated

with 25.9mg/kg chlorpyrifos and control. Althouglo rdifferent significance (p>0.05) was
observed amongst the other treatments and theotoHwever, the treatment 25.9mg/kg had
the highest mean value (417.9u/L), while the low&%$8.97u/L) was from 32.2mg/kg treatment
(Fig.7.). The aspartate amino transferase (AST)ltie®n experimental rats showed that there
were significant differences (p<0.05) between tleatments 18.9mg/kg and 25.9mg/kg when
compared with the control. No significant differesc(p>0.05) were observed between the
control and the chlorpyrifos treatments 32.2mg/kd 89.2mg/kg. Although, 32.2mg/kg treated
animals had highest mean value (542.23u/L), whBe9rhg/kg chlorpyrifos had the lowest
(262.00u/L). (Fig.7.) Significant difference (p<06) was observed in Alanine amino transferase
(ALT) between 39.2mg/kg treatment and control amem&ignificant differences (p<0.05) was
also shown between 39.2mg/kg and 18.9mg/kg chldgsyrtreated animals as well as
25.9mg/kg treatment. Meanwhile, no significancdedénce (p>0.05) was observed between
32.2mg/kg, 25.9mg/kg and 18.9mg/kg chlorpyrifosateel animals when compared with the
control animals. Although, 39.2mg/kg treatment kizel highest mean value (130.77u/L), while
control Omg/kg had the lowest mean value (83.70a4.3hown in Fig.7.
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= 300 ¢ ALTu/L

200 -

100 - = = = = -

0

18.9mg/kg 25.9mg/kg 32.2mg/kg 39.2mg/kg 0mg/kg
Chlorpyrifos Treatments

Figure 7: Effects of varying levels of sub lethal of Chlorpyrifos on serum
biochemical parameters of wistar rats

ALP = Alkaline Phosphate, AST=Aspertate Amino Transferase,
ALT=Alanine Amino Transferase

There were no significant differences (p> 0.05)the total and direct bilirubins in all the

chlorpyrifos treatments when compared with the rats presented in Fig.8. However, in total
bilirubin 39.2mg/kg treatment had the highest mgalue (0.57mg/dL) and the same lowest
value (0.47mg/dL) was from the control and otheatments. In direct bilirubin, 32.2mg/kg

treatment had highest mean value (0.20mg/dL) wihiée lowest mean value (0.1mg/dL) was
from 18.9mg/kg.
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TB=Total Bilirubin, DB = Direct Bilirubin

The results from toxic effects of different concatiopns of chlorpyrifos on total protein, albumin
and globulin on the experimental animals showeditgnt differences (p< 0.05) as presented
in Fig.9.

The trend in total protein estimation showed sigatiit difference (p<0.05) between 18.9mg/kg
and 25.9mg/kg chlorpyrifos treated animals andcti@rol. However, 32.2mg/kg and 39.2mg/kg
chlorpyrifos treatments showed no significant ddéfece (p>0.05) with the control. The highest
mean value (86.10g/dL) was obtained from the cdnirbile the lowest mean value (75.78g/dL)
was from 25.9mg/kg chlorpyrifos treated animalsg(®. The result for albumin in the
experimental animals showed significant differege 0.05) between 25.9mg/kg chlorpyrifos
and the control, while other treatments 18.9mg&®.2mg/kg and 39.2mg/kg showed no
significant difference (p> 0.05) with the contrdlhe highest mean value (42.30g/dL) was
observed in 39.2mg/kg chlorpyrifos treated aninaald the lowest mean value (32.79g/dL) was
from 25.9mg/kg treatment (Fig 9). Globulin raticcuét revealed no significant differences (p>
0.05) amongst all the chlorpyrifos treated aninzald the control. However, highest mean value
(45.31g/dL) was recorded from the control and ldwesan value (42.06g/dL) was from
39.2mg/kg treatment (Fig.9).
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Results on the toxic effects of chlorpyrifos on thestopathological examinations
(Photomicrographs sections) carried out on the rax@atal rats Rattus norvegicus) were
shown in Plates 1- 2.

The O0mg/kg dosage (control) in organs examinec(land kidney) showed no visible lesions
with closely packed hepatic plates in the liverefiehwere no apparent morphological changes in
the liver and kidney of the control rats. The cohgroup showed no symptoms of any gross
abnormalities (Plates 1 and 2).

Observations from 18.9mg/kg chlorpyrifos treatedesknental rats showed that the animals had
mild multifocal sloughing off of tubular epitheliunm renal cortex and cortico medullary

junction of the kidney. The kidney of experimentats exposed to 25.9mg/kg dosage
chlorpyrifos expressed widespread presence of epRilic (proteinaeceous) fluid in tubular

lumens; multifocal moderate sloughing off of tubuggithelial cells while 32.2mg/kg dosage of

chlorpyrifos showed nephrosis. The kidney of thé@mats exposed to 39.2mg/kg dosage of
chlorpyrifos showed eosinophilic (proteinaeceousidfl in the Bowman’'s capsule and

compressing the glomeruli tufts) (Plate 1).

The animals treated with 18.9mg/kg and 25.9mg/kigrplgrifos showed moderate to severe

multifocal thinning of hepatic plates in the liv8me histopathological examination result from

32.2mg/kg chlorpyrifos treated animals showed ttte, hepatocytes in the livers were finely

reticulated with cytoplasmic appearance. Howevestd were moderate widespread of vacuolar
changes of hepatocytes and congestion of centraé ve the livers of some rats exposed to
39.2mg/kg dosage of chlorpyrifos (Plate 2).

11



357 A B C

358 (Control Omg/kg) (8.9mg/kg) (25.9mg/kg
359 D E
360 (32.2mg/kg) (39.2mg/kg)

361 Plate 1: Photomicrographs sections of kidneys (Rattus norvegicus groups expose( to
362 different sub lethal concentrations o' chlorpyrifos and control.

363 A= No treatment of chlorpyrifos (control 0Omg/kg). No visible lesions. B Freated with 18.9mg/kg of
364  chlorpyrifos. Mild multifocal sloughing off of tubu lar epithelium in renal cortex and

365  corticomedullary junction. C = Treated with 25.9mg/kg of chlorpyrifos. Widegread presence of
366  eosinophilic(proteinaceous) fluid in tubular lumen; multifocal moderate sloughing off of tubular
367  epithelial cells. D = Treated with32.2mg/kg of chlorpyrifos. Multiple foci of moderate sloughing ofi
368  of tubular epithelial cells; some tubules appearing dilated and cystic (nephrasi E = Treated with
369  39.2mg/kg of chlorpyrifos. Esinophilic (proteinaeceus fluid in Bowman’s capsuliand compressing
370  the glomeruli tufts). (Hematoxylir and EosinH &E), 400x)
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A B C

(Control 0 mg/kg) (18.9mg/kg) (25.9mgrkg
D E
(32.2mg/kg) (39.2mg/kg)

Plate 2: Photomicrographs section of livers of Rattus norvegicus groups exposed tc
different sub lethal concentrations of chlorpyrifos and control

A= Treated with Omg/kg of chlorpyrifos (control). Closely packed hepdt plates with nc visible
lesions. B = Treated witl18.9mg/kg of chlorpyrifos. Moderate vacuolar changef hepatocytes:
severemultifocal thinning of hepatic plates C = Treated with 25.9mg/kg of chlorpyrifos.
Widespread moderate vacuolar change rhepatocytes; moderate thinning of hepaticords. D =
Treated with 32.2mg/kg of chlorpyrifos. Multifocal mild thinning of hepatic plates hepatocytes
have a finely reticulated cytoplasmic appearanc E = Treated with 39.2mg/kg of chlorpyrifos.
Moderate widespread vauolar change chepatocytes and cogestion of central veins (H &E, 400x)

4. DISCUSSION

The widespread and extensive use of organophospbatieides such as chlorpyrifos (CPF
developing natins raises the likelihood of idvertent exposure to the pesticide either -
short-term or longerm exposures with consequent toxic eff{30]. In most o these countries,
the magnitude of pesticide residue in food of haiemt and animal origin is largely unknow
hence, increasing the risk of expos[31] and ill health.

In this studyparalysis observed on the treated animals coulduleetothe chlorpyrifostoxicity
during dosing which resulted in abnormal morpholf#f]. Toxic effects cchlorpyrifoscaused
adecrease in body weight of rats exposed to dift concentrations athe pesticide. Althougt
the effects did not show in the first weeladministration to the animals, but it became appz
on the body weights from the second week to thetlioweek of treatment with respect
dosages administered at 18.9mg/kg to 3'g/kg. All experimental rats treated with chlorpgst
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showed a marked decrease in body weights, whilesatetd (control) rats continued to gain
weight progressively during the period of treatnsent

This result agreed with [32] who concluded thabgbyrifos caused a significant change in rats’
body weights. The obtained result also conformeth \83] findings that, there were adverse
effects on exposure to chlorpyrifos on male ratthvei significant decrease in body weight.
Jaiswal and Verma (2012)[34], [35] and)[36] alspared that the most profound rat stress was
the reduction of body weight after administrationcblorpyrifos. Studies conducted by [37];
[38] and [39] gave decreased body weights in na&atéd with chlorpyrifos with no effects on
physical or reflex development.

This present study also revealed leucopenia ingzackll volume (PCV) which was apparently
due to lymphopenia, neutropenia, and monocytopeniae chlorpyrifos animal treated groups.
The marked reduction in packed cell volume and loegobin in the rats’ population exposed to
varying concentration of chlorpyrifos dosages 3@y, 32.2mg/kg, 25.9mg/kg and18.9mg/kg
resulted in leucopenia and low heamoglobin couiitsese findings corroborated previous
studies of [6] and [40] that attributed chlorpydafonduced leucopenia to neutropenia and
lymphopenia. Ambalet al. (2010)[6] also reported neutrophilia followinglatpyrifos exposure,

in contrary to neutropenia recorded in the presamy. [41] attributed monocytopenia recorded
in workers exposed to chlorpyrifos experienced bitlin of a monocyte esterase, (alpha)-
naphthyl butyrate esterase.

It was shown in this present study that chlorpwif@aused a decrease in the white blood cell in
the rats™ population exposed to it with marked otidns observed in 39.2mg/kg and 32.2mg/kg
treatments, respectively. This induced immune foxics in support of [42] and [43] that
chlorpyrifos has been shown to induce immune toxian rats either via the induction of
apoptosis or necrosis. Chlorpyrifos exposure has bghown to induce immune toxicity via the
induction of apoptosis partly mediated throughdbgvation of caspase as reported by [44]. This
was found in this study as differential leucocytdsch were greatly reduced thereby making the
rats susceptible to varying degree of abnormaliliks paralysis observed in treatment
32.2mg/kg. Chronic chlorpyrifos exposure has bessoeated with abnormality of the immune
system including depression of T-lymphocytes [45].

Immunotoxicity of white blood cell (WBC) in chlorpjos has been associated with either
inhibition of serine hydrolases or esterases in pmments of the immune system, through
oxidative damage to immune organs, or by modulatidnsignal transduction pathways
controlling immune functions [46].

The reduction of serum levels of protein for a# tlats dosed with the chlorpyrifos at all dosages
of treatment correlates with the findings of [4ffis indicated that toxicants may cause stress-
mediated mobilization of protein to cope with thetrimental condition so imposed. The protein
mobilized is one of the strategies employed to ntleetenergy required to sustain increased
physical activity, biotransformation and excretwinthe toxicants. Aminotransferases (ALT and
AST) are produced in the liver and are good markédamage to liver cells but not necessarily
the severity of the damage [48]; [49]. The redulesels of AST, ALB and ALT in chlorpyrifos
treated groups at 39.2mg/kg, 32.2mg/kg and 25.9gngduld be as a result of suppression of
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production by the liver. They are normally presantow levels in the blood so if the liver cells
are damaged, it would be expected that some adribgmes leak into the blood and increase the
levels [14]. Also,apparently earlier damaging efffieefore progression to cell death and leakage
of enzymes.

In contrast to serum enzymes, albumin apart frommgoa useful indicator of the integrity of
glomerular membrane is also an important indicatatetermining the severity of disease [50];
[51]. Decrease albumin may be due primarily to ofidum in synthesis by the liver and
secondarily to reduced protein intake which furtibenfirms hepatic damage [52]; [53] as
observed with 39.2mg/kg and 32.2mg/kg in the stiicreased albumin observed in this work
revealed that chlorpyrifos administration may kelaited to hepatic dysfunction

The chlorpyrifos administered orally to the animaésated showed degeneration in some of renal
corpuscles, sloughing off of tubular epitheliumpgestion of glomeruli and compression in size
of glomeruli tufts of the kidneys. These descripiagree with the studies of those described by
[54]; [55]; [56] and [14]. The toxicity of chlorpifos on the kidneys indicated a dose
dependency.

There was loss of cell architecture and increagg@ideration of hepatic cells in the livers of the
experimental animals administered with chlorpyrifigost of hepatic cells were necrotic and the
cytoplasm was vacuolar with denoting degeneratfigepatocytes. This finding collaborates

with the studies of [57]; [56]. The changes in tegbanimal livers indicated that the degeneration
of livers increased with the doses of chlorpyrifo®xposure which could be related to dose-
dependent increase in the liver function enzymes.

The toxic effects of different sub doses of chlorfmg on livers and kidneys on treated animals
in this study is also in agreement with the refann the work of [58] that administration of sub
lethal doses of chlorpyrifos resulted in alteredyene activities of liver and renal (kidney)
damage to experimental animals.

5. CONCLUSION

In this study, it has shown that, the chlorpyrifesticide at 18.9 mg/kg, 25.9 mg/kg, 32.2mg/kg
and 39.2mg/kg had toxic effects on all the treaepgerimental animals which showed decrease
in their body weights. Chlorpyrifos at sub letllalses showed lower values in haematological
and biochemical parameters which resulted intessteand paralysis in this study. The reduced
values of the serum enzymes (ALT, AST and ALB) at92mg/kg, 32.2mg/kg and 39.2mg/kg
chlorpyrifos resulted into liver damages througé laking of these enzymes into the blood and
thereby increasing the levels. The lower level tdumin at 39.2mg/kg chlorpyrifos also
contributed to the hepatic dysfunction. The histbpbpgy results in this study revealed serious
damaged kidney and liver organs with hepatocyted @ephrosis on animals treated with
32.2mg/kg and 39.2mg/kg chlorpyrifos, repectivelowever, chlorpyrifos treatments at
18.9mg/kg and 25.9mg/kg showed mild to moderateadge® in this study.

The different sub lethal concentrations of chlofjeg in the treated animal groups in this
present study relative to the control group affédtesir overall performances in terms of health
and well being. From the outcome of this study,lthematological and biochemical parameters
and histopathology could be used as bio indicabbrexposure and effects in instances where
chlorpyrifos is used as a pesticide.
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