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Abstract: Current study was undertaken to evaluate the impact of repeated co-exposure of the widely
used analgesic-antipyretic drug Acetaminophen (Paracetamol), Malathion (organophosphates
pesticides), and metalloid (Arsenic) on the functions of the liver and pancreas of male albino rats.
Eighty male albino rats weighing 140-160g were orally treated with Acetaminophen (100 mg/kg b.w),
Malathion (30 mg/kg b.w) or Arsenic (1.5 mg/kg b.w) individually and in-combination for 28 days.
Biochemical results revealed that all treatments under investigation showed significant increase in
serum aspartate aminotransferase (AST) alanine aminotransferase (ALT) and amylase activities, as
well as fasting glucose levels. Lipase recorded fluctuation in its activity according to treatment group,
whereas cholinesterase activity (ChE) showed non—significant changes except for malathion treatment.
In contrast, paraoxonase (PON1) and insulin activities were significantly declined after single and
combined treatments at (P < 0.05). Histopathological changes in liver and pancreas tissues among all
treated groups were recorded. These physiological and pathological observations were more prominent
in combined treatments. In conclusion, association of environmental factors including drug therapeutic
dose and pollutants might lead to different unexpected types and levels of toxicities.
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INTRODUCTION

It is well established that people are exposed to a diverse and dynamic mixture of environmental and
occupational stressors as a routine part of their existence. Up until recently, about 95% of all chemical toxicity
studies were performed on individual chemicals (Simmons, 1995; Groten et al., 1999). The biological activity of
a chemical may be modified through prior or simultaneous exposure of a test organism to another chemical
agent and such interactions might result in a potentiation, summation, or reduction of the ultimate effect of the
chemical (Eaton and Klaassen, 2001).

Acetaminophen (Paracetamol) is one of the most common antipyretic and analgesic used all over the world
as its easily accessible over the counter and present in so many different pharmaceutical agents. The words
Acetaminophen and Paracetamol (APAP) both come from the chemical names for the compound N-acetyl-para-
aminophenol and para-acetyl-amino-phenol. Paracetamol poisoning has primarily been associated with
hepatoxicity including fulminant hepatic failure. Hyperamylasemias is frequent in patient with paracetamol
poisoning whereas clinical acute pancreatitis (AP) rarely occurs (Schmidt and Dalhoff, 2004). The potential of
hepatotoxicity differs for each individual and depends essentially on associated risk factors which could lead to
a severe hepatotoxicity even at therapeutic doses (Seirafi et al., 2007). Malathion is one of the most extensively
used organophosphorus pesticides applied in agriculture, mosquito eradication, control of animal ectoparasites
and human body lice (Barr et al., 2005). The widespread use of Malathion has raised concern over its potential
to cause unwanted health effects in humans, animals and birds. Malathion inhibits cytochrome P450
monoxygenases and has the potential to alter pharmacokinetic profiles of therapeutic agents that are metabolized
in the liver (Babu et al., 2006). Preliminary studies have reported that OPs caused liver damage (Gupta et al.,
1992; Bachowski et al., 1997). It has been reported that malathion is one of the most pronounced
organophosphates responsible for OP-induce pancreatitis (Gokcimen et al., 2007; Harputluoglu et al., 2003;
Hsiao et al, 1996). Glucose metabolism disturbances have been observed with exposure to Ops including
Malathion. These disturbances include insulin and blood glucose concentration, as well as changes of glucose
metabolism enzymes (Abdollahi et al., 2004; Pournourmohammadi et al, 2005). Arsenic (As) is a naturally
occurring toxic metalloid found in the environment in both inorganic and organic forms. Inorganic As (iAs) is
the predominant form of As in surface and underground water reservoirs (Paul et al., 2007). Millions of
individuals worldwide are exposed to drinking water contaminated with inorganic Arsenic mainly from natural
mineral deposits (Smedley and Kinniburgh, 2002). Increasing evidence indicates that inorganic Arsenic may
cause cancers of the kidney, prostate and liver. It also causes cardiovascular disease, diabetes, developmental
and reproductive effects (NRC, 1999; Waalkes et al., 2000; Navas-Acien et al., 2005, 2006; Benbrahim-Tallaa
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and Waalkes, 2008). Furthermore, it becomes evident that even low level of Arsenic may pose a significant
health risk to human especially for diabetes mellitus (NRC, 1999; Navas-Acien et al., 2008). Although Arsenic
content of the consumed water in Egypt is below the maximum drinking water level allowed by World Health
Organization (WHO, 2004) is 10 pg /L, hair Arsenic levels were above the allowable values in 45% of
apparently health Egyptian (Saad and Hassanien, 2001).

Public interest in the cumulative health effects of environmental exposures continues to grow as
information increases about the potential for multiple exposures to variety sources. These sources include
pesticide applications and industrial releases, as well as pharmaceuticals materials. Cumulative risk assessment
provides the integrating foundation for linking these factors together, to produce an overall risk picture and
better inform health protection programs (Lamberta et al., 2011). The purpose of the present study is to throw
light into some physiological and histological changes of liver and pancreas of albino rats exposed to repeated
doses of either individual or combined treatments of Paracetamol, Malathion and Arsenic.

MATERIALS AND METHODS

Chemicals:
Paracetamol Drug:

tablets (Pharko-Egypt). Each tablet contains 500 mg Paracetamol, was purchased from local pharmacy.
The therapeutic dose for rat was (100 mg/kg) a non toxic dose according to Naziroglu et al., 2009. Malathion
[S-(1, 2-dicarbethoxy) ethyl-0, 0-dimethyl-phosphorodithioate] 57% EC (Awida-Egypt) and was purchased
from local market. The dose chosen was (30 mg/kg/day which equivalent to ADIx100= NOEL). Sodium
arsenite (NaAsO,) was obtained from Sigma Chemical Company. The arsenic dose was 1.5 mg/ kg body wt
/day which was within the range of LD50 of a 70-Kg body wt. human (1-4 mg/Kg) and lesser than 1/25 of LD50
of rats (40mg/kg) according to Mukherjee et al., 2003 and 2004.

Experimental Design:

Eighty male albino rats weighing 140-160 g were supplied by National Organization for Drug Control and
Research animal house. They were housed in wire cages with natural ventilation, illumination and allowed free
water as well as standard diet. The initial body weights and weekly changes were recorded. All animals were
treated according to the standard procedures laid down by OECD (1992) guidelines 407 repeated dose 28 days
oral toxicity study in rodents. After one week of acclimatization period, animals were randomly assigned into
eight main groups, each one comprises of ten rats. All rats received daily oral treatments dissolved in distilled
water via a gastric tube over a total period of 28 days. Control Group animals received a daily volume of
distilled water (1ml /100g body weight). Paracetamol Treated Group (APAP): animals received a dose of
paracetamol 100 mg/kg body weight. Malathion Treated Group (MA): animals received malathion 30 mg/kg
body weight. Arsenic Treated Group (As): animals received sodium arsenite 1.5 mg/kg body weight.
Paracetamol-Malathion Treated Group (APAP+MA): animals were received paracetamol dose (100 mg/kg
body weight) and malathion (30mg/kg body weight) consecutively. Paracetamol-Arsenic Treated Group
(APAP+As): animals were received paracetamol dose (100 mg/kg body weight) and sodium arsenite (1.5 mg/kg
body weight) consecutively. Malathion-Arsenic Treated Group (MA+As): animals were received malathion
(30mg/kg body weight) and sodium arsenite (1.5 mg/kg body weight) consecutively. Paracetamol, Malathion-
Arsenic Treated Group (APAP+MA+As): animals were received paracetamol dose of 100 mg/kg body weight,
Malathion (30 mg/kg body weight) and sodium arsenite (1.5 mg/kg body weight) consecutively.

At the end of experimental period, fasting blood samples were collected from retro-orbital plexus (Schalm,
1986). Blood serum was separated by centrifugation at 1000 x g and 4°C per ten minutes. Then serum was kept
at -40 °C for further biochemical analysis.

Biochemical Analysis:

Serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities were determined
using the method of Reitman and Frankel, 1957. Cholinesterase activity (ChE) in serum was determined using a
procedure described by (Ellman et al., 1961). Paraoxonase PON1 was measured by adding 6.6 pl of serum to 1
ml Tris/HCI buffer (100 mmol/l, pH 8.0, Sigma-Aldrich) containing 2 mmol/l CaCl, and 5.5 mmol/l paraoxon
(O, O-diethyl-O-p-nitrophenylphosphate) The rate of P-nitrophenol generation was determined with
spectrophotometer Spectronic (USA) at 405 nm and the PON1 activity was expressed in U/I according(Furlong
et al., 1989). Serum glucose level was determined according to Trinder (1959) using the commercial diagnostic
kit of Stanbio Co., Spain. Total insulin level was determined according to Bates (1983) using radioimmunoassay
kit of DPC. Co. American, the Coat —A- Count Insulin procedure is a solid phase radioimmunoassay, where in
1125 labeled insulin compatetes for a fixed time with insulin in serum sample for sites on insulin specific
antibody, counting the tubes on gamma counter then yields a number, which converts by way of calibration
curve to a measure the insulin present in serum. Lipase activity was determined using kinetic method according
to Junge et al., 1983. Amylase activity was estimated according to Lent (1986).
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Histopathological Studies:

Livers and Pancreases tissues were obtained immediately and fixed in 10 % formalin- solution. Serial
sections were prepared at 4y, then, stained with haematoxylin and eosin (H&E) according to the method of
Mussa et al., 1984. Sections were examined by light microscope.

Data Analysis:

The obtained data from the biochemical analysis of different groups were expressed as mean + standard
error (X + SE) and analyzed using one-way analysis of variance (ANOVA) followed by Duncan and Dunnett t
(2-sided) post hoc multiple comparison tests, the significant level was accepted at P<0.05 using the SPSS- PC
computer software package version 17. Joint action analysis for treatments was calculated using “relative
interaction index” (RII) according to Mansour et al. (2001).

Results:
Biochemical Results:

Data presented in Table (1) showed that animals intoxicated with APAP, MA and As individually or in
combination with each other induced significant elevation in the liver enzymes biomarkers AST and ALT versus
control. Pronounced elevations in the activities of liver enzymes biomarkers were recorded in combined
intoxicated groups APAP+ MA+As with a percent changes 157% and 128 % respectively from the control. On
the other hand, inhibition in serum cholinesterase activity was recorded in all groups intoxicated with MA
individually or in combination with both APAP and As. This inhibition was significant only among MA
treatment; while the other treatments induced non-significant elevation in comparison to the control at (P<0.05).
Significant inhibition in PON1 activity was recorded among all treatment groups Table (1). Repeated doses of
APAP, Malathion and Arsenic either individually or in- combination induced significant increase in fasting
blood sugar (Table 2). Simultaneously, there were significant reduction in insulin activity was recorded in all
treated groups versus control group at (P<0.05). It should be noted here that Lipase activity dose not has a
significant changes from control in groups intoxicated individually, however a pronounced significant reduction
was recorded in combination between APAP+MA and APAP+AS+MA. Pointed to amylase increases in its
activity was recorded in all treated groups as compared to control (Table 2), where the percentage of the
maximum changes shown by combined treatments MA+As (35.9 %) and APAP+MA+As (34.8%).

Table 1: Effect of paracetamol, malathion and arsenic and their combination on some liver biomarkers in serum of albino rats after 28 days

of exposure.
Parameter
Groups AST (U/L) ALT (U/L) ChE (pmol/SH/hr/ml) PON1 (U/L)
C 23.72+0.48a 18.83+1.54a 438.87+13.30bcd 24.56+1.17d
APAP 36.30*+0.32¢ 42.94*+0.80d 478.21+9.25d 18.83*+0.51¢
MA 32.32*4+0.25b 35.20%+0.24b 298.99*+11.48a 13.84*+1.31a
As 34.72%+0.34¢ 39.85*+0.57¢ 466.35+25.20cd 15.13*+1.25ab
APAP+ MA 53.25*40.75f 40.62* £0.57¢ 428.387+18.53bc 15.49*+0.94ab
APAP+ As 42.05*+0.36d 40.39*+0.29¢ 435.417+10.73bed 14.18*+1.06a
MA +As 46.71*+0.35¢ 40.90* £0.61cd 417.184+16.52b 17.78*+0.63¢
APAP+MA+ As 54.04* +1.55f 48.4 0*£0.72¢ 462.808+9.00bcd 13.90*+0.56a

No. of animals/group=10 rats

* Significant difference against control at P<0.05

Groups have the same letter mean non significant at P <0.05
Groups have different letters means significant at P < 0.05

Table 2: Effect of paracetamol, malathion and arsenic and their combination on some biomarkers of pancreas in serum of albino rats after
28 days exposure.

Parameter
Groups Glucose Insulin Lipase Amylase
P (mg/dl) (U/L) (U/L) (U/L)

C 79.17+3.71° 6.49+0.40° 58.30+4.17° 651.36+13.01°
APAP 113.84%*+5.22% 4.91%+0.07° 57.81+1.98° 775.92%+14.38
MA 96.33*+1.0° 4.80*+0.07% 60.02+2.38° 722.89+21.30
As 113.74%*+4.57% 4.50*+0.08% 64.7142.71% 766.82%+18.27%
APAP+ MA 99.30%+5.32° 4.36%+0.13% 38. 76*+1.82° 828.19%+18.05
APAP+ As 121.79%+0.75¢ 4.36%+0.01%° 57.58+2.12° 790.02*+20.77°
MA +As 111.49%+4.6% 4.76*+0.21%® 70.96%+2.04° 884.98*+20.10¢
APAP+MA+ As 109.65%+1.36° 4.25%+0.10° 33.44%+1.75" 878.27%+32.557

No. of animals/group=10 rats

* Significant difference against control at P<0.05

Groups have the same letter mean non significant at P <0.05
Groups have different letters means significant at P < 0.05
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Joint Action Analysis:

Pinpoint to potential health hazard of tested combined treatment co-exposure. Joint action analysis was
carried out using the final data obtained from biochemical parameters. The numbers of potentiated biochemical
indices obviously recorded in MA+AS and APAP+MA+AS groups. However there is a recorded antagonistic
effect in APAP+As group. On the other hand, equilibrium between potentiating and antagonism effect on
biochemical parameters was reported in APAP+MA (Table 3).

Table 3: Joint action analysis for paracetamol, malathion and arsenic co-exposure after 28 days of exposure on different biochemical

parameters.
Parameters AST ALT ChE PON1 Glucose Insulin Lipase Amylase
Groups
APAP+MA (RII) 1.55(P) 1.04(P) 1.10(P) 0.95(A) 0.87(A) 0.90(A) 0.66(A) 1.14(P)
APAP+As (RID) 1.18(P) 0.98(A) 1.11(P) 0.84(A) 1.07(P) 0.93(A) 0.94(A) 0.86(A)
MA+ As (RII) 1.39(P) 1.09(P) 0.88(A) 1.23(P) 1.06(P) 1.02(P) 1.14(P) 1.22(P)
APAP+MA+As (RI) 1.57(P) 1.23(P) 1.12(P) 0.87(A) 1.02(P) 0.9(A) 0.55(A) 1.02(P)

Aspartate Aminotransferase (AST); Alanine Aminotranferase (ALT); Cholinesterase (ChE); Paraoxonase (Ponl); RII: relative interaction
index, where: RII > 1 means “Potentiate” (P); RII < 1 means “antagonistic” (A); RII = 1 means “no observed effect”

Histopathological Findings:

Photomicrographs of hepatic tissues of rat are illustrated in Plate (1) showed changes in the liver tissues of
rats treated with different environmental agents for 28 days. Control liver tissues showed normal liver
architecture. The central vein and the cords of hepatocytes were radiating from it. The hepatocytes were
polygonal in shape; contain vesicular nuclei and acidophilic cytoplasm. Liver cells cords entrap liver blood
sinusoids between them, these sinusoids were lined by sinusoid lining cells (Fig. a). Liver of APAP treated
group, revealed mild to moderate toxicity where in 50% of the population, portal areas with periportal
inflammatory infiltrates, mainly lymphocytes, together with bile ducts proliferation. Hepatocytes with deeply
eosinophilic cytoplasm; nuclei with reduction in size, this is beside focal necrotic areas. Meanwhile in 25% of
the animals within the group, interlobular hemorrhage; fibrosis; focal necrotic areas and signs of apoptosis were
observed (Fig. b). Meanwhile, liver tissues of MA treated group, mild to moderate pathological lesions was
detected, in form of few dilated central veins; edema; mild fibrotic changes in portal areas with thickened
hyalinized portal veins. Also, there were areas of dilated sinusoids besides focal inflammatory aggregates within
lobules; many hepatocytes with vacuolated cytoplasm and hypertrophied nuclei. Hyaline bodies formation were
occasionally seen (Fig. C,;& C,). Moderate signs of liver toxicity were observed in the group of rats treated with
AS individually, where the majority of central veins with lacerated walls; focal areas of dilated sinusoids and
prominent bile canaliculi were seen as well as portal areas with bile ductules proliferation, together with
perivascular inflammatory infiltrates. Hepatocytic cytoplasm was still with vesicular nuclei (Fig.d). Co
administration of Paracetamol and Malathion (APAP+MA) produce more toxic impacts on liver cells, in form of
dilated congested vasculature; few restricted portal areas; proliferated vonkupffer cells; prominent bile
canaliculi; hepatocytes with homogenous eosinophilic cytoplasm and hypertrophied nuclei were seen (Fig.e).
Meanwhile, Paracetamol with Arsenite (APAP+AS) treatment produced sever toxicity to liver cells, where
many focal necrotic areas, hyaline bodies’ formation; hepatic steatiosis and injured vasculature was observed
(Fig .f ). In Malathion —Arsenite treatment (MA+As), portal areas with edema and thick portal vein; mild
fibrotic changes; congested dilated sinusoids with proliferated vonkupffer cells was seen. Also, vacuolated
hepatocytes with hypertrophied nuclei were observed (Fig.g). The most sever toxic impacts were observed in
co-administration of the three agents (APAP+MA+As). Multifocal necrotic areas, many hyaline bodies
formation and many expanded portal areas with proliferated bile ducts were seen (Fig. h).

On the other hand, photomicrograph of pancreatic tissues of rat were illustrated in Plate (2) showed changes
in pancreatic tissues of rats treated with different environmental agents for 28 days. Pancreatic tissues of the
control showed acini of the pancreas with their pyramidal cells and each cell has a round nucleus with the
characteristic basal basophilia and apical acidophilia. The acini were divided by thick connective tissue septa
into groups. Islets of Langerhans were seen as group of round cells scattered between the pancreatic acini and
rich in blood supply (Fig. a). Pancreatic tissues of APAP treated rats showed intact islets were observed,
however mild pancreatitis in form of perivascular infiltration of leukocytes, mostly polymorph accompanied
with hemorrhagic areas in pancreatic tissues, this is beside occasional destruction of acini outside the islets (Fig.
b). Pancreatic tissues of MA treated rats, revealed mild to moderate pathological alterations in form of dilated
congested vascular channels with thick hyalinized wall and few fibrotic bands extended between pancreatic
tissues. hyperplasia of lymphatic vessels with inflammatory reaction and mast cells were seen. Pancreatic islets
showed mild lesions in form of reduction in size and cellularity of some islets, accompanied with vacuolation in
and between islets cells. Inspissiated pancreatic ducts were also observed (Fig.c;C,).IN pancreas of As treated
animals, most lesions were seen in pancreatic islets, where reduction in cellularity and size which compensated
by few hypertrophied islets. Congested, edematous islets were also detected. Thickened pancreatic septa with
mast cells were frequently observed (Fig.d). pronounced toxicity sings were observed in (APAP+MA) treated
animals, many islets showed reduction in size and cellularity as well as in number; congestion; inter and
interavacuolation were detected in many islets. Congested vasculature together with interstitial congested
edematous areas were detected, however no inflammation or acini damage was seen. (Fig.e). Pathological
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observations of pancreatic tissues in (APAP+AS) treated rats showed, hyperplasia of some islets; inspissiated
pancreatic ducts; this is beside edematous congested and inflammatory area were detected accompanied with
inter and intralobular fibrosis. IN 50 % of cases pyknotic nuclei of pancreatic acinar cells were detected. (Fig.f).
co-exposure of (MA+AS) produce sever damage to pancreatic tissues where reduction in cellularity and size of
many islets were noticed; focal areas of injured acini with their pyknotic nuclei. Focal areas of interstitial
inflammation and mast cells aggregates together with thickened vasculature were seen. (Fig.g). The most toxic
impacts on pancreatic tissues was seen after the administration of the three materials (APAP+MA+AS). Many
hypertrophied islets; thickened congested blood vessels together with perivascular inflammation with mast cells
and fibrotic interstitial tissues occurrence (Fig. h).

Plate. 1: Liver tissue of albino rat treated with different environmental agents for 4 weeks using H&E; (a) liver
tissue of control albino rat,demonstrating central vein (CV),intact hepatocytes(Arrow),and
sinusoide(S) X: 200.; (b) APAP gp, showing congested portal vein(PV),proliferated bile ducts(Arrow
head),necrotic area(Double arrow) X:200.(c;) MA gp. demonstrating portal area (PA), with congested
portal vein (PV), bile duct (BD), X: 200.; (c;) MA group focusing on hepatic cell (H) with
hypertrophied nuclei (Arrow head), X: 400.; (d) As gp. showing dilated central vein (CV), with
lacerated wall (Arrow head), X: 200.; (¢) APAP+MA gp ,showing prominent bile ductule(arrow),
hepatocytes with apoptotic nuclei and eosinophilic cytoplasm .X: 400.; (f) APAP+As gp. showing
congested and dilated sinusoids(S) , with necro-inflammatory area (Arrow) and hyaline body
formation(Arrowhead). X:200. ; (g) MA+As gp demonstrating edema in portal area (PA), dilated
portal vein (PV), mast cell (Arrow head), and bile duct (BD), X: 400; (h) APAP+MA+As gp
necroinflammatory area (NI) with many hyaline bodies, X: 400.

Discussion:

Organisms in the environment often experience many stressors simultaneously, including those of a
physical, biological and chemical nature. We aimed in the present study to investigate the effect of individual
treatment with each of APAP, MA and As for 28 days in comparison to their combinations. Animals treated
with daily dose of APAP, MA and As for 28 days induced elevation in liver enzymes biomarkers AST and ALT.
The dose of APAP used in the present study (100 mg/kg) which considered as non toxic therapeutic dose, its
administration in repeat manner resulted in potentiating liver toxicity. The elevated animotransferases activities
were considered indicative criteria of APAP induced—hepatic damage in rats (Yanpallewar et al., 2003). As well
as the possibility that a nontoxic dose of APAP could be unsafe when administered repeatedly (Kim et al.,
2009). Meanwhile, Bashir et al., 2006 reported the increase in transaminases activity in rat exposed to Arsenic
could be due to possible leakage of enzymes across damaged plasma membranes or the increased synthesis of
enzymes by the liver. Though the liver plays an important role in metabolic processes and detoxification of
many xenobiotics, chronic exposure to metals like Arsenic may lead to accumulateion of metal in the liver and
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Plate. 2: Pancreatic tissue of albino rat treated with different environmental agents for 4 week using H&E; (a)
pancreatic tissue of control albino rat showing intact pancreatic islet(PI), and pancreatic acini(PA) X:
400.; (b) APAP gp. focusing on destructed pancreatic acini, with pyknotic nuclei (Arrow), thickened
lymphatic vessel(LV), congested blood vessel (BV)., X: 200.; ( c1) MA gp. showing islet with
reduction in size and cellularity (PI), fibrotic band (Arrow)., X: 100.; (c2) MA gp. showing
congested blood vessel (BV), lymphatic vessel (LV), inflammatory cells aggregates(Arrow) X: 400.;
(d) As gp. showing hyperplasia of pancreatic islet (PI), inspissiated pancreatic duct (PD) X: 200.;
(e) APAP+MA gp showing pancreatic islet with edematous cells, pancreatic duct (PD), pyknotic
nuclei of pancreatic acinus (Arrow head)., X: 200.; (f) APAP+As gp showing edematous area,
congested blood vessel (BV), inflammatory cells aggregates(Arrow) X: 200.; (g) MA-As gp
demonstrating pancreatic islet (PI), vacuolation in cell, and between cells (Arrow) X: 200.; (h)
APAP+MA+As gp. Demonstrated

cause pathological alterations. Intoxication with organophosphorus insecticides induced elevation in plasma
ALT and AST that may result from leakage of enzymes from the damaged tissues of liver (Tos-luty et al.,
2003). The previous findings were supported with histopathological studies where different degrees of damage
were reported in individual intoxicated groups but it was pronounced in combined intoxicated groups. The
present study showed reduction in AChE activity pronounced among malathion treatmented groups . previous
studies showed that the primary mechanism of action and most acutely life threaten effect of OPs insecticides
are related to accumulation of acetylcholine within the cholinergic synapses due to inhibition of acetyl
cholinesterase by active oxon metabolites (Karanth et al., 2006; Gokcimen et al., 2007; Elhalwagy and Zaki,
2009). Also, we noticed that the activity of cholinesterase was not altered by APAP or Arsenic exposure. These
results agree with Hernandez's et al. 2009 who demonstrated that AChE activity did not change due to As
toxicity. While it contrast to other studies by Patlolla and Tchounwou, 2005; Ali et al., 2010 reporting decreased
cholinesterase activity in response to chronic arsenic exposure in rats and human respectively. The reasons for
this discrepancy might be attributed to the differences in study species, levels of arsenic exposure and durations
between the studies. Regarding to the significant increase in fasting glucose level concurrent with marked
inhibition in insulin in the current study, It might be contributed to oxidative stress induced by APAP,
Malathion and or Arsenic hepatotoxicity through generation of reactive oxygen species (Ita et al., 2009;
Kostopnagiotou et al., 2009; Youshikawa et al., 2009), which in turn function as signaling molecules to activate
a number of cellular stress-sensitive pathways linked to insulin resistance and decreased insulin secretion
(Izquierdo-Vega et al., 2006). It has also been reported that oxidative stress was involved in the cytotoxicity of
arsenic (Banerjee et al., 2009; Fu et al., 2010). Arsenic-induced oxidative stress has been suggested to be due to
the generation of NO, which could cause DNA damage and activate poly (ADP-ribose) polymerase, a major
cause of islet cell damage in diabetes (Inada et al., 1995; Mukherjee et al., 2003). Also, we suggested that
APAP, MA and AS might induce pathological changes in pancreas architecture including beta cell structure
result in selective alteration in its function which has been evident by our histological findings and run parallel
with early findings by Hinson et al., 1984 and Fergason et al., 1990. Several observations indicate that,
organophosphate pesticides or Arsenic affect glucose homeostasis (Pournourmohammadi et al., 2005, 2007).
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Hyperglycemia associated with significant inhibition in insulin activity was detected in the present study,
numerous laboratory studies have demonstrated that iAs and some As compounds suppress insulin production
by pancreatic B-cells, and modulate glucose uptake by various cells, including adipocytes and myocytes (Navas-
Acien et al., 2006; Paul et al., 2007). Inhibition in PONI1 activity recorded in the present study could be
contributed to oxidative stress induces by different treatments used. paraoxonase activity correlated positively
with antioxidant protein-SH and negatively with oxidant lipid hydroperoxides indicating itself as an oxidative
stress marker. The metabolic activation of pesticides to highly reactive intermediates might account for the
decrease in PONI1 activity, as this enzyme can be inactivated by these compounds after oxidative stress
challenge (Hernandez et al, 2004; Araoud et al., 2010). some paraoxonase genes might have important
implications for a novel and potentially useful biomarkers of Arsenic risk (Liao et al., 2009). Regarding to
amylase activity as it considered as a marker of pancreas function, The current results of serum amylase activity
introduced further indication that APAP, Malthion and Arsenic administration caused pancreatic dysfunction.
Hyperamylasaemia is accepted as a sign of pancreatic diseases in routine clinical use and may simply reflect
direct APAP-induced pancreatotoxicity. Mechanisms that the toxin induced pancreatitis might contribute to
some potential mechanisms include pancreatic duct obstruction, cytotoxic and metabolic effects, as well as
accumulation of toxic metabolite or intermediary and hypersensitivity reactions (Badalov et al., 2007; Balani
and Grendell, 2008). Selective and graduated potentiated effects were detected among the concurrent exposure
of Acetaminophen, Malathion and arsenic.

Joint action analysis confirms that toxic effects of environmental toxicants are modified by exposure to
Acetaminophen containing drugs or other pollutants. The highest antagonistic effect on biochemical parameters
were recorded in APAP+As group, while, an equilibrium between potentiating and antagonism effect on
biochemical parameters was reported in APAP+MA. Parallel to our work Manimaran et al., 2010b concluded
that co-exposure to arsenic and acetaminophen may be less hazardous than their independent exposure in rats.
Also, he demonstrated that arsenic preexposure increased the susceptibility of rats to hepatic oxidative stress
induced by the lower dose of acetaminophen, but reduced the oxidative stress induced by the higher dose
(Manimaran et al., 2010a). however, the combined treatment of Malathion and Arsenic induced more
potentiated effects among binary treatments this may be supported by Siller et al. (1997) who demonstrated that
arsenite pretreatment increased the acute toxicity of parathion and further decreased the inhibitory effect of
parathion on brain AChE activity, whereas the joint administration of arsenite and parathion produced effects
similar to those of arsenite.

In conclusion,the concomitant exposure Malathion and Arsenic appearing more hazardous to selective
biochemical variables related to liver and pancreas and could potentiate Paracetamol hepatopancreatic toxicity.
Obviously, the findings of our study focus on the need to evaluate the potential effects of other commonly
encountered environmental pollutants.
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