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ABSTRACT

The toxicological endpoints after chlorpyrifos and aldicarb exposure
coupled with histological and uitrastructural examinations of multiorgan
damage were assessed in the current study. The tested pesticides were applied
orally in acute and subchronic manner to male Wistar rats at concentrations represent
1/3 and 1/10 LDsg; respectively. Animals under subchronic intoxication were treated
daily for 28 day. Signs of toxicity morbidity and mortality patterns were observed in a
dose-dependent manner. Hepatic-injury marked by significant elevation in serum
indicator enzymes (p<0.001) after acute and subchronic exposures was shown in a
type, dose and time-dependent manner. The effect exerted by aldicarb was more
pronounced than chiorpyrifos either after acute or subchronic exposure. Kidneys
showed signs of rena! damage and nephropathy after exposure to both pesticides and
a significant association (p<0.01) was observed between the length of axposure and
level of damage. However, liver appears to be more sensitive to the effect of the
tested pesticides where histological signs of liver hypertrophy were apparent and
lesions were correlated with biochemical endpoints. The study provides evidence of
both functicnal and ultrastructural damage elicited by acute and subchronic exposure
to aldicarb and chlorpyrifos.
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INTRODUCTION

Occupational exposure to organophosphorus and carbamate-type
pesticides; the most used in agriculture in the region of Middle East for
control a variety of indoor and outdoor pests, mites and nematodes:
significantly inhibits acetylcholinesterase (AChE) activity and causes
morbidity {(Gomes et al, 1999). Number of people exposed is substantial as
are the exposure routes (contaminated food, water, indoor air and soil) (US
EPA, 2000). The toddler, being the most sensitive receplor, is expected to
have a mean daily dietary exposure to chlorpyrifos of 2.55% of the ADI
(ANZFA, 2001). Also, poisoning has resulted from ingestion of produce such
as melons and cucumbers containing low levels of aldicarb and its
metabolites (Hirsch, et al., 1987, Green, et al,, 1987). Developmental effects
of chlorpyrifos and aldicarb involve mechanisms over and above
cholinesterase inhibition, notably events in cell signaling cascades that are
vital to cardiac and hepatic homeostasis (Qiac et al., 2002).

The in vivo toxic symptomatolagy of aldicarb was related to the peak
serum concentration of suifoxide, suggesting that this metabolite is principally
responsible for the aldicarb toxicity (Montesissa, et al, 1994). While, the
3,5,6-trichloro-2-pyridinol (TCP) is the principal metabolite detected of
chiorpyrifos (Nolan ef al., 1984).
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Recently, it was documented that polymorphic cytochrome FP450-206
is involved in the activation of chlorpyrifos but does not influence aldicarb
toxicity (Costa ef af,, 2003). Furthermore, cytochrome P-1A1, 2B1 and 3A1/2
are differentiglly involved in metabolism of chiorpyrifos to its oxon and the
extent of plasma AChE inhibition was significantly greater in female than
male rats (Dalvi et af., 2004).

Low and increasing levels of chlorpyrifos can differentially modify
endogenous antioxidants which may lead to development of oxidative stress
and organ damage in some tissues (Bebe and Panemangalore, 2003). Organ
damage was also noted after acute oral carbamate toxicity, where the
respiratory system followed by CNS and liver were the mostly affected by
carbamate toxicity (Winnik ef al, 1997). Additionaily, chlorpyrifos has anti-
androgenic activity compared with aldicarb by inhibition of increase in weight
of accessory sex organs, but it does not show estrogenic and anti-estrogenic
activity in immature female rats (Kang ef al., 2004).

As related to carcinogenicity, chlorpyrifos is -not considered as

carcinogen {CCINFO, 1881). Comparatively, aldicarb is suspected to be a
mutagen; although very little conceming studying chronic effects has been
done; where one of the possible conversions of aldicarb is to that of a N-
nitroso derivative, which is known to induce tumors in rats (Wagner, 1983).
Aldicarb was also found to have a clastogenic effect in rats in accumulative
manner since it induces a significant increase in sister chromatid exchange in
cultured human lymphocytes, both with and without metabolic activation
(Kevekordes et af., 1996).
In the current study, biochemical indices and ultrastructurat examinations of
hepatocellufar injury and renal affection are investigated as markers for
evaluation of acute and subchronic exposure to such pesticides, as well as
an attempt to determine and compare the relationship between the
progression of histological changes and the biochemical alterations detected
in the sera of treated rats.

MATERIALS AND METHODS

Chemicals

A technical grade of chlorpyrifos (94% purity), o,o-diethyl 0-(3,5.6-
trichlore-2-pyridyl) phosphorothioate and aldicarb (96% purity), 2-methyl-
2(methylthio) propionaldehyde 0-(methylcarbamoyl)oxime were obtained from
Dow Elanco, Indianapolis, 1IN, USA. All other chemicals used in this study
were obtained from Sigma and were the highest grade available.
Animals

Young adult male Wistar rats, weighing 50-70 g were used and
allowed to acclimate to the environment for a week prior to initiation of study.
LDsy was tested for each compound. The doses administered represent 1/3
and 1/10 LDsy of each pesticide given orally via a stomach gavage needle
containing the insecticide of choice suspended in corn-oil at concentrations
providing a 0.5 ml maximum dosing volume.
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Experimental protocol

Rats were divided randomly intc 6 groups, each included 10 rats. Two groups
(1,2) were treated once with 1/3 LDsy of either chorpyrifos or aldicarb. Two
other groups (3,4) were treated daily with 1/10 LDs, of each pesticide for 4
weeks. The last group serving as a control, was divided into 2 subgroups (5,6)
and both received an equal volume of the vehicle for the same experimental
period as for the tested insecticide. All animals were weighed periodically
before each treatment to ensure the maximum dose effect.

Bieeding regimen

Rats grouped as 1,2,5 were biled after 24 hr of dose administration while
groups (3,4,6) were bled weekly. Blood was withdrawn from the retro-orbital
plexus (Schalm, 1986) of the anesthetized rats using heparinized micro-
capillary tubes.

Biochemical examinations

Sera were separated from coagulated blood after spinning at 3000 rpm for 10
min and stored at -20°C until use. Hepatic injury was assessed by measuring
levels of transaminases (AST, ALT), phosphatases (ACP, ALP),gamma
glutamy! transferase (y-GT), bifirubin, tota! protein, albumin ir addition to
kidney function tests (urea and creatinine) using commercial diagnostic Kits,
Stanbio Co., Spain). The activity of both AChE and lipase were measured
according to Ellman et al. (1961) and Tietz (1966); respectively.

Histopathological examinations

At the end of exposure period, rats were anesthetized and both liver and
kidney were quickly removed, cleaned of extraneous tissues, cut into small
pieces and put into 10% Bouin solution as a fixative. The extracted tissues
were then dehydrated in 70-100% ethanol series, cleared in terpinec! and
embedded in paraffin wax. Serial sections of 6 um thickness, were cut and
stained with haematoxylin and eosin according to  (Carleton et al, 1967).
Slides were examined and the cells were photographed from prints projected
from the negatives.

Statistical analysis

Data was represented as meant standard error. The significance was
analyzed using student two-paired t-test (Snedecor and Cochran, 1989). A p
values of <0.05, <0.01 and <0.001 were considered significant.

RESULTS AND DISCUSSION

Due to their high fat-soluble properties, these compounds easily
penetrate through cell membranes and are quickly distributed throughout the
body and may penetrate through the blood-brain barrier (Marrs and Dewhurst,
2000). The toxicity of these compounds is dependent on the vehicle and
nature of administration, possibly owing to reduced bioavailability of the
compound or to the bolus effect of certain forms of administration (e.g.,
gavage).
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In the course of general toxicological evaluation, signs of acute
toxicity of chlorpyrifos and aldicarb are consistent with AChE inhibition and
the resulting cholinergic over stimulation, including excessive salivation, rapid
breathing, body tremors, lacrimation, convulsions, respiratory failure and
death. Recovery in surviving animals was evident within one week post-
dosing.

Oral LDsg identified under the experimental conditions was 148 mg/kg
for chlorpyrifes and 0.93 mg/kg for aldicarb. These values agree with others
who stated that they lie within the known average determined value of LDs,.
For chlorpyrifos, oral LDsg ranged from 118-270 mg/kg for male rats
{McCollister ef al, 1974), WHO rat oral LDg; ranged between 135 and 163
{(WHOQC, 1975) while NRA rat oral LDsy was about 96 mg/kg in rats (NRA,
2000). On the other hand, oral LDs, of aldicarb in rats ranged from 0.6 to 1.1
mg/kg (Gaines, 1969} and depends on the vehicle where it is most acutely
toxic when administered in corn or peanut oil (Risher et al., 1987).

The metabolic pathways of chlorpyrifos and aldicarb are different
although both are bioactivated in the liver. Cytochrome P-450 dependent
desulfuration or dearylation catalysis by microsomal enzymes are responsible
for bicactivation and metabolism of the first while, mixed function oxidases
are responsible for metabolism of the later (Casarett ef af,, 1980 and Nolan et
al., 1984). Accordingly, the toxicological endpoints measured are based on
the potential effect on liver marked by measurement of transferases,
phosphatases, lipase, protein and bilirubin coupled with histopathology in
addition to measurement of urea and creatinine strengthening with kidney
histopathology for precise evaluation of the hepatic-renal nexus.

Acute exposure to both chlerpyrifos and aldicarb caused a significant
increase in ACP, ALP, AST, lipase (p<0.001) as compared to the control
group as shown in Fig. 1. Chlorpyrifos activated ALP in a trend higher than
ACP and similarly AST more than ALT compared with control. Aldicarb-
treated rats showed significantly higher serum AST and ALT levels when
compared with those exposed to chlorpyrifos. Also, acute dosing of aldicarb
resuited in a significant elevation of y-GT and bitirubin levels (p<0.001) while
no statistical difference was found between the level of these parameters in
chlorpyrifos-treated group and the control one. Both compounds resulted in a
significant decrease (p<0.001) in serum total protein accompanied with a
significant decrease in serum albumin (p<0.001) and serum globulins in case
of chlorpyrifos treatment while aldicarb did not have significant effect on
serum globulins.

The release of enzymes into blood stream particularly ACP is an
index of cellular degeneration and lyscsomal activity linked to Xenobiotic
elimination after exposure (Verplanke et al,, 2000). Such increase might also
be due to the increase of synthesis of these enzymes as an adaptive
mechanism of the toxicant stress. These data are coincide with others
reported that both ACP, ALP elevation is considered biomarkers for lissue
damage following intoxication stress particularly for Ops (Rahman ef al,
2000).

With regard to renal affection, acute exposure to the tested pesticides
induced highly significant increase in serum urea and creatinine (p<0.001) as
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compared to controi group. Aldicarb exhibited the highest increase in serum
creatinine (Table 1). Moreover, livers of rats exposed to acute treatment of
both chlorpyrifos and aldicarb exhibited several histological variations (Fig. 3}.
Both of them caused ioss of the nommal architecture accompanied with
enlargement of hepatocytes with absence of hepatic sinusoid in case of the
first insecticide and disarrangement of hepatic sinusoid in case of the later.
Vaculated and lysed hepatocytes, and presence of small dark nucleus with
vaculated cytoplasm were observed in case of chlorpyrifos treatment.

Table 1: Effect of acute treatment of chlorpyriphos and aldicarb on
kidney function tests (KFTs} in male Wistar rats (data are
expressed as meantSE).

KFT
Treatment Urea Creatinine
(g/L) {#mol/L)
Control 11.30+0.03 0.25x0.02
Chiorpyriphos (49.0 mg/Kg) 21.8810.4 0.55+0.02*
Aldicarb {0.35 mg/Kqg) 34.63+0.56™" 0.93+0 03

*, **, ™™ Significance at p<0.05, 0.01, and 0.001 respectively.

On the other hand, kidneys of rats exposed to acute treatment of
chlorpynfos were highly affected than those exposed to aldicarb, where the
first caused lysis of some focal areas of the proximal tubules and ioss of
normal architecture while other cells still having cuboidal cell lining with
vesicular nuclei, Fig. 8. The effect of aldicarb was limited to the contraction
of glomeruii after acute treatment (Fig. 6).

Comparatively under subchronic intoxication, chiorpyrifos caused
significant elevation in ACP after 21, 28 days whereas aldicarb increased
ACP since the day 7 of treatment. Both compounds increased ALP, AST,
ALT, yv-GT and lipase significanily (p<0.001) at all times of bleeding as
compared to the control (Table 2). Statistically, these alterations were time-
dependent and the maximal efevation was recorded at 28 day. Serum AST,
ALT, y -GT levels of rats treated with aldicarb were significantly higher
{(p<0.001) than those treated with chlorpyrifos.

Furthemrmore, chlorpyrifos induced significant increase in AST

concentration but did not cause significant elevation in ALT. These findings
may be interpreted as being not only due to cellular injury, but aiso as a result
of a precedent direct stimulation of tissue enzymes by the pesticides.
In view of these findings, increase in AST, ALT, y-GT was found to be
consistently correlated with liver parenchymal cefils damage in mammals
(Tietz, 1986) which may lead to leakage of enzymes from injured sites into
the blood stream (Poovala ef al., 1999; Rahman ef al., 2001).

Secondly, such elevation was accompanied concomitantly with
significant increase in serum bilirubin (total) after 14, 21, 28 days of treatment
with chlorpyrifos in a time-dependent manner while, aldicarb induced
significant elevation only after 28 of treatment (p<0.01). Furthermore, total
protein was significantly decreased after 21 and 28 days of treatment with
both compounds.
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Table 2: Toxicological effects of subchronic treatment of
chlorpyriphos and aldicarb at 1/10 LDs, for 28 days and liver and
kidney function tests (data are expressed as mean+SE).

Time Intervals (Days)
Treatment 7 | 14 21 18
Control gp{a} gp(b) IControl gp{al gp(b) Control gpia) gp(b) Control gp{a} gp{b)

LFTs

ACP 3256 385 389 | 329 3¥2 395 ; 330 378 394 | 324 3.80 4.2%
*0.03 =012 009" 005 008 :0.06™; £0.04 +0.05* =0.05™] £0.05 +0.06™ :0.05"

ALP 3698 42,18 4527 | 3814 4715 4927 } 3995 4611 4845] 4200 5133 51.88
=056 20.61* £0.47* £0.72 +0.70" =0.61"] 0.67 20.81" =0.74*7 =0.96 =1.28" z0.40™

AST 2645 3741 40328 2975 4015 4218 | 2810 4545 4927+ 2625 4968 5225«
+0.82 =065 =0,73™| 0.69 065" 2075 | 063 =20.73*"*0.71** 2062 =1.77* 065"

ALT 18.75 2065 1295|1882 21.89 2275 | 179f 2215 23.08| 1875 2363 2500
=033 =025 039 029 042 2053 | 2033 =2042* =0.39* 2045 =£1.00* =042

v-GT 865 1035 1115 911 1135 1215 | 815 11.74 1265} 975 1265 1363

=029 033" 20277 =033 2027 #0317 | =042 =0.33** =0.37"] 037 =0.67* 032"
Eiiirubin | 0.47 052 043 [ 043 0.55 0.47 0.45 Q.63 0.52 | 0.4% 0.71 0.61

0.63 =0.05 =C.03| =0.04 10.03* 3.03 | =0.02 =003 +0.04| +0.03 =003~ 0.03*
Total 695 687 6.82 725 7.58 5285 7.20 621 6.3% 721 629 6.24

Protein +0.10 =0.08 006 | 006 +0.05 0.04*| =006 +0.08" +0.11"} =004 =0.06" =+0.06~
Lipase 40,18 5375 4885 4025 5888 5347 |42.75 6460 668513500 7283 7088
=048 £0.32°" =0.28"| 2054 +061* x053*] =061 =105 =088 +0.65 +2.83*:0.35*""

KFTs
Urea 1095 2573 2385|1142 2972 3635 ] 1251 3325 31.17| 1275 3367 3275
=035 +0.65% #0437 2032 +0.28""+0.56"" +0.62 =059°""+0.81*" +0.45 +0.82**" 0 75"
Creatiningg 0.23 037 040 | 025 047 049 | 023 073 068 | 024 0.73 0.75
=0.03 +0.04 #0.03*" £0.03 +£0.04** £0.04*=! +0.03 10.05-"~+0.07** £0.02 +0.03"** 002"
Treated gp(a): gp of rates treated with 1/10 LD, of chiorpyriphos

Treated gp(b): gp of rates treated with 1/10 LD, of atdicarh

LFTs: Liver function tests KFTs: Kidney function tests

¥, **, """ Significance at p<0.05, 0.01, and 0.001 respectively.

Such hypoproteinemia is probably attributed to inhibited hepatic
sy.ithesis of blood proteins as a result of insecticide-protein interaciion or due
to stimulaied protein catabolism to provide extra-energy requirements to
overcome the stress in the polluted medium. Additionally, loss of protein from
damaged kidneys could have contributed further to such hypoproteinemia
(Shaker et al, 1988). Also, increased evidence of general pesticide protein
interactions manifested as inhibited protein synthesis and augmented
proteolysis, for possible utilization of their products for metabolic purposes,
has been suggested by Casida ef al., 1983. Moreover, depletion of liver
soluble structural proteins concomitant with increased aminotransferases
activity indicating utilization of proteins for energy production. '

The present results are in agreement with results of other studies
(Enan ef al, 1982, Vodela and Dalvi, 197). Exposure to both Ops and
carbamates decreased the level of total serum proteins accompanied with
alteration in the level of serum enzymes and amino acids (Gomes ef al,
1999).

in the current investigation, both compounds caused elevation in
serum lipase activity (Table 2); reflecting an interference with lipid metabolism,
which in accordance with findings of Kozlowska et al, 1988, where the
lipoprotein lipase activity in adipose tissues was slightly raised.
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Figure (1): Acute toxicity of chlorpyriphos and aldicarb on liver function
biomarkers after 24 hours of exposure., '

The elevation of circulating levels of lipids may be due to several ways
including increase of production by liver and cther tissues, release from
damaged cell membranes, decreased hepatic excretion, blocked conversion
of cholesterol to sex steroids ang finally thyroid dysfunction (Guvton and Hall,
1996). Additionally, both compounds {ed io inhibition of AChE activity either
after acute or subchronic exposure. The effect of aldicarb was more
pronounced than chlorpyrifos after 24 hr of exposure (38.47% and 30.89%;
respectively). This neurotoxic effect was time dependent with a maximal
inhibition at 28 day of exposure (Table 3). Such findings agree with earlier
reports which stated that carbamates are able to reversibly inhibit AChE
depending upon the time of exposure and adverse effects seem 10 occur in
humans and other mammalian species when the AChE level drops below
70% of normatl ievels (Extoxnet, 1993). Furthermeore, it was documented that
aldicarp metabolites are more active than the parent compound in their AChE
inhibition so that metabolism by the liver serves as activation rather than
deactivation (VHO, 1991).

In a supportive study, feeding mice for 90-d a diet mixed with
chiorpyrifos residues in stored soybeans led to considerably inhibited plasma
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and RBCs-AChE activity by 78 and 46%; respectively, and significantly
affected blood picture, liver and kidney functions during the feeding period
{Zayed ef al, 2003). In a similar study for 13 week, inhibition of brain AChE
was slightly more than 60% (Yano, 2000).

Subchronic  treatment of chlorpyrifos led to hypertrophy of

hepatocytes which were amalgamated with no cellular boundaries (Fig. 4),
while aldicarb caused complete lysis of nucleus, vaculated cytoplasm, and
hypertrophic hepatocyted with no sinusoid (Fig. 4). Furthermore, vacuoiation,
necrosis and lysis of hepatocytes particularly at the peripherals were noticed.
Such injury in hepatocytes could be enhanced by elevation in Kupffer cell
function after insecticides, treatment as supported by Vidella ef al,, 1997.
In a similar situation, Drusban® injection i.p. at ¥z LDsg resulted in significant
increase in serum AST, ALT, ALP activity and the treated animals showed
liver necrosis of mid-zonal type and faity change at the periphery
accompanied with necrosis of some of the seminiferous tubuies of the testes
and cloudy swelling of the convoluted tubules of the kidney (Mikhail ef al,
1979). Also, ultrastructural changes in the liver, kidney, lung and the heart in
addition to elevated bactericidal activity of neutrophils resulted from dermal
application of chiorpyrifos (Nurelle D 550 EC) (Latuszynska, ef al., 1999).

Table 3. Neurotoxic effect of tested pesticides expressed as % inhibition
of serum AChE activity after acute and subchronic exposure.
% inhibition of AChE

Treatment Acute Subchronic dosing/days
dosing 7 14 21 238
Chlorpyrifos 30.89 13.88 12.37 28.94 37.59
Aldicarb 39.47 17.64 20.88 33.13 48.24

Fig (2): Section in normal liver of control rats showing normal
hepatccytes with vesicular nuclei and acidophilic cytoplasm,
the hepatic sinusoid with the lining endothelial cells and Von
kupffer cells are in between the hepatocytes (X 400).
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(A) (B)

Fig (3): Sections in livers of rats exposed to acute treatment of
chlorpyrifos and aldicarb showing loss of normal architecture
of hepatocytes with enlargement of hepatocytes as common
features (X 400}.

A: chiorpyrifos treatment caused absence of hepatic sinusoid, vaculated
and lysed hepatocytes, presence of small dark nucleus with
vaculated cytoplasm,

B: aldicarb treatment caused disappearance of he

atic sinusoid.

D 7 et

© ) (D)
Fig (4): Sections in livers of rats exposed to subchronic treatment (X
400).
C: chloropyrifos treatment caused hypertrophy of hepatocytes and
amalgamation with no cellular boundaries.
D: aldicarb treatment caused complete lysis of nucleus, vaculation of
cytoplasm and hypertrophy of hepatocytes with no sinusoid.

In most cases, the affection of the hepatic-renal nexus either cells or
membranes may be due 1o the toxic effect of the tested pesticides since its
effect was previously reported to disrupt cell membranes leading to
degeneration of cell texture (Melendez and Lopez, 1998) in type, dose and
time-dependent manner.

Statistical analysis revealed that serum urea and creatinine of rats
exposed to the tested pesticides were significantly increased in a time-
dependent manner as compared to control (Table 2). Kidneys showed signs
of renal damage and nzphropathy after exposure to both pesticides and a
significant association {(p<0.01) was observed between the length of
exposure and level of damage. Renal damage and nephropathy marked by
confracted glomeruli, extra-vasation of the blood, lumen obliteration of renal
tubules as well as loss of normal architecture due to cell lysis were noticed
after treatment with both pesticides (Fig. 7).
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Elevation in urea and creatinine levels in the serum supports the
occurrence of insecticide induced protein catabolism, impairement of renal
function, renal insufficiency, reduction in glomerufar filtration followed by
increased blood urea nitrogen and creatinine and renal failure due to tubular
necrosis (Mohssen, 2001). Many other studies support these findings (Akhtar
ef al, 1996, MNielendez and Lopez, 1998, Shobha and Prakash, 2000,
Verplanke et al., 2000; Miohssen, 2001).

Shobha and Prakash (2000) stated that poisoning with Ops and
carbamates induced oxidative stress and rezuited i renai tubular damage,
which cause glucose leakage. According to our findings, it seems that
chlorpyrifos can highly modify the concentration, of endogenous antioxidants
leading to deveiopment of oxidative stress and organ damage in a higher
irend than aidicarb as illustrated in the way of liver and kidney damage
exerted by chlorpyrifos compared with aldicarb although the later induced
greater changes in some biochemical parameters tharn chlorpyrifos.
Interestingly, aldicarb oxime, intermediate in the metabolism of aldicarb, was
found tc produce no alteration in hody weight and no change in weight, gross
or histopathology of the iver, spleen, lungs, thymus, kidneys or brain (NTP,
2005).

~urthermore, there is a great guess that disruption of renal tubular
cell membrane could affect renal permeability of electrolytes such as Na' and
Ca®", hence, the current work studied ‘he potential changes in Ca®’level. Both
pesticides were found to affect serum Ca® as compared to control in a
significant decreasing manner (Table 4). Ca® is known as a second
messenger and plays an essential role in cell signaling cascades. However,
ine mechanism of celf signaling in case of subchronic exposure tc
chiorpyrifos or aldicarb received very little concerns and need tc be further
studied.

Fig (5): Section in normal kidney of control rats showing normal
architecture (X 400).
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(E) F)
Fig (6): Sections in kidneys of rats exposed to acute treatment of
chiorpyrifos and aldicarb (X 400).
E: chlorpyrifos treatment caused lysis of some focal areas of the proximal
tubules, loss of normal architecture.
dicarb treatment caused contration of glomeruli.

S s

(G) ()
Fig (7): Sections in kidneys of rats exposed to subchronic treatment (X
400).

G: chlorpyrifos treatment caused obliteration of the lumen of some
proximal convoluted tubules and loss of their architecture.
H: aldicarb treatment caused extra-vasation of the blcod.

Table 4: Effect of different dosing regimes of chiorpyriphos and aldicarb
on serum Ca'” level at the end of each treatment {data are
expressed as meanzSE).

Exposure
Treatment Acute Subchronic
Ca’“ Leve! (mg/dl)
Controi 6.99+0.05 7.11+0.05
Chilorpyriphos: (49.0 mg/Kg) 6.71+0.06 6.35+0.04**
(14.8 mg/Kg)
Aldicarb: {0.35 mg/Kg) 8.33+0.04* 6.54+0.05

(0.10 mg/KQ)
*, 7%, 77" Significance at p<0.0§, 0.01, and 0.001 respectively.

Based on the above mentioned results, it seems like liver appears to be
more sensitive than the renal tissues to the effect of the {ested pesticides.
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Recently, it was documented that zinc treatment can protect hepatocytes
from the marked disruptions in the membranous organelles and
narrowing/blocking of biliary channels, which was otherwise a common
observation following chlorpyrifos treatment (Goel and Dhawan, 2001).
Furthermore, high doses of melatonin and a combination of vitamins E plus C
considerably can reduce the toxic effect of chlorpyrifos on kidney tissues of
exposed rats since chlorpyrifos increases lipid peroxidation and decreases
the antioxidant potential by increasing oxidative stress {Oncu et al., 2002).

The current study comiibutes somehow with the other researches to
identify the safety factors for interindividual variability that could help setting
public health standards for repeated (subchranic and/or chronic) exposure of
humans to low levels of chlorpyrifos as Op compound and aldicarb as
carbamate. Further work is needed to address the potential implications of
these effects for cardiovascular, mutagenic and metabolic disorders that may
emerge long after the end of exposure to aldicarb and chlorpyrifos.
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