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Abstract: Arsenic is an environmental toxicant, and one of the major mechanisms by which it exerts its toxic
effect is through an impairment of cellular respiration by inhibition of various mitochondrial enzymes, and the
uncoupling of oxidative phosphorylation. Most toxicity of arsenic results from its ability to interact with
sulfhydryl groups of proteins and enzymes, and to substitute phosphorus in a variety of biochemical reactions.
Most toxicity of arsenic results from its ability to interact with sulfhydryl groups of proteins and enzymes, and to
substitute phosphorus in a variety of biochemical reactions. Recent studies have pointed out that arsenic toxicity is
associated with the formation of reactive oxygen species, which may cause severe injury/damage to the nervous
system. The main objective of this study was to conduct biochemical analysis to determine the effect of arsenic
trioxide on the activity of acetyl cholinesterase; a critical important nervous system enzyme that hydrolyzes the
neurotransmitter acetylcholine. Four groups of six male rats each weighing an average 60 + 2 g were used in this
study. Arsenic trioxide was intraperitoneally administered to the rats at the doses of 5, 10, 15, 20mg/kg body
weight (BW), one dose per 24 hour given for five days. A control group was also made of 6 animals injected with
distilled water without chemical. Following anaesthesia, blood specimens were immediately collected using
heparinized syringes, and acetyl cholinesterase detection and quantification were performed in serum samples by
spectrophotometry. Arsenic trioxide exposure significantly decreased the activity of cholinesterase in the SpragueDawley rats. Acetyl cholinesterase activities of 6895 + 822, 5697 + 468, 5069 + 624, 4054 + 980, and 3158 +
648 U/L were recorded for 0, 5, 10, 15, and 20 mg/kg, respectively; indicating a gradual decrease in acetyl
cholinesterase activity with increasing doses of arsenic. These findings indicate that acetyl cholinesterase is a
candidate biomarker for arsenic-induced neurotoxicity in Sprague-Dawley rats.
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Introduction
Arsenic is widely distributed in nature, being found
in food, the soil, water and airborne particles; it derives
from both natural and human activities [1]. More than
80% of arsenic compounds are used to manufacture
products with agricultural applications such as
insecticides, herbicides, fungicides, algicides, sheep dips,
wood preservatives, dye-stuffs, and medicines for the
eradication of tapeworms in sheep and cattle [2].
Arsenical drugs are still used used in treating certain
tropical diseases such as African sleeping sickness and
amoebic dysentery, and in veterinary medicine to treat
parasitic diseases, including filariasis in dogs and black
head in turkeys and chickens [2]. Recently, arsenic has
© 2005 MDPI. All rights reserved.

been used as an anticancer agent in the treatment of
acute promeylocytic leukemia, and its therapeutic action
has been attributed to the induction of programmed cell
death (apoptosis) in leukemia cells [3].
A large number of people are exposed to arsenic
chroniclly throughout the world. Exposure to arsenic
occurs via the oral route (ingestion), inhalation, dermal
contact, and the parenteral route to some extent. Humans
can be exposed to arsenic through the intake of air, food
and water. Although food is usually the major source of
arsenic exposure, most adverse effects have been
associated with consumption of arsenic-contaminated
drinking water. Occupational sources of arsenic to
human workers include vineyards, ceramics, glassmaking, smelting and refining of metallic ores, during
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production and use of arsenic containing agricultural
products like pesticides and herbicides [4]. The
gastrointestinal tract of humans and most experimental
animals readily absorbs ingested inorganic arsenic
(>90%). Following absorption, arsenic compounds
through blood circulation are distributed in various
tissues (blood, liver, kidney, lung, skin) [5].
Analyzing the toxic effects of arsenic is complicated
because the toxicity varies according to its oxidation
state, its solubility and many different inorganic and
organic forms. [6]. Several studies have indicated that
the toxicity of arsenic depends on the exposure dose,
frequency and duration, biological species, age, gender
as well as on individual susceptibilities, genetic and
nutritional factors [7].
The major metabolic pathway for inorganic arsenic in
humans is methylation. Arsenic trioxide is methylated to
two major metabolites via a non-enzymatic process to
monomethylarsonic acid (MMA), which is further
methylated enzymatically to dimethyl arsenic acid
(DMA) before excretion in the urine [8]. This
methylation mechanism has been widely accepted, and
the metabolites MMA (V) and DMA (V) have been
consistently observed in human urine [9-11].
Generally, the toxicity of heavy metals is largely due
to their reactions with sulfhydryl groups [12]. Lipophilic
organometallic compounds easily cross the blood-brain
barrier, whereas inorganic metallic compound also reach
the brain tissue [12]. Acute and chronic toxic effects of
inorganic arsenic involve many organ systems, including
the central nervous system (CNS) [13-15]. In
experimental animals, arsenic has been shown to affect
hepatic mitochondrial enzymes [16]. It can also pass the
blood-brain barrier, be accumulated in the brain, and can
exert neurochemical effects [17, 18].
The inhibition of acetycholinesterase (AChE) in the
nervous tissue and other target organs is generally
considered to be the critical effect leading to the acute
toxicity of many toxic chemicals [19-22]. Nagaraju and
Desiraju [23] further indicated that AChE activity in rats
was inhibited in some regions of the brain following
inorganic arsenic intake. Despite its deleterious actions
on the CNS, there are very few studies of the effects of
chronic or acute consumption of arsenic on brain and
behaviour. The present study was done to examine the
effect of arsenic on the activity of acetyl cholinesterase;
a critical important nervous system enzyme that
hydrolyzes the neurotransmitter acetylcholine.
Materials and Methods
Chemicals
Arsenic trioxide (As2O3) was purchased from
Fischer-Scientific, Houston, TX, USA. Cholinesterase
(PTC), and heparin were purchased from Sigma-Aldrich
(St.Louis, MO, USA).
Animal Maintenance
Healthy adult male Sprague-Dawley rats (8-10 weeks
of age, with average body weight (BW) of 60 + 2 g)
were used in this study. They were obtained from

Harlan-Sprague-Dawley Breeding laboratories in
Indianpolis, Indiana, USA. The animals were randomly
selected and housed in polycarbonate cages (three rats
per cage) with steel wire tops and corn-cob bedding.
They were maintained in a controlled atmosphere with a
12h:12h dark/light cycle, a temperature of 22 + 20 C and
50-70% humidity with free access to pelleted feed and
fresh tap water. The animals were supplied with
commercially available dry food pellets from PMI Feeds
Inc. (St. Louis, Missouri). They were allowed to
acclimate for 10 days before treatment.
Arsenic Treatment
Groups of six rats each were treated with four
different arsenic trioxide dose levels, 5, 10, 15 and 20
mg/kg BW. Arsenic trioxide was diluted with distilled
water (as required) and intraperitoneally administered to
animals at the doses of 0, 5, 10, 15 and 20 mg/kg BW,
one dose per 24h given for 5 days. Each rat received a
total of five doses at 24h intervals. The cumulative doses
of arsenic trioxide given to rats were thus 25, 50, 75 and
100 mg/kg BW. Distilled water was administered to the
6 animals of control group in the same manner as in the
treatment groups. The acute bioassay was performed
following standard test protocol.
At the end of the treatment period, rats were
anesthetized using 95% CO2 for 70 seconds.
Immediately following anaesthetization blood specimens
were collected using heparinized syringes to prevent
clotting, and the plasma was separated by centrifugation
at low speed (2000 g) for 10 min. Plasma samples was
evaluated for enzyme identification and quantification.
Enzyme Analysis
Measurement of serum cholinesterase has been used
to assess liver function, and monitor exposure to organophosphorus insecticides. The enzyme is depressed in
acute hepatitis, hepatic metastases and alcoholic
cirrhosis.
The reaction for cholinesterase assay is as follows:

Cholinesterase hydrolyzes Propionylthiocholine to
form thiocholine that reacts with Dithio bis2nitrobenzoic acid to yield the yellow 5-thio-2nitrobenzoate with an absorbance maximum at 405 nm.
Therefore the rate of change in absorbance at 405 nm is
directly proportional to cholinesterase activity.
Analysis
Cholinesterase reagent (PTC) was prepared by
reconstituting with the volume of deionized water
indicated on the vial. The temperature of the reaction
mixture was maintained at 300 C. Spectrophotometer
wavelength was set to 405 nm and absorbance reading to
zero with H2O as reference. The reagent was warmed in
water bath to assay temperature (300 C). To cuvet
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labeled TEST, 1.0 ml of cholinesterase (PTC) reagent
was added and placed in temperature controlled cuvet
compartment. ten µl of serum was added to the above
reagent, mixed immediatel by inversion and incubated at
300 C for 15 seconds. The absorbance was read and
recorded as (A) of TEST at 405 nm versus water as
reference. This is called Initial A. The cuvet labeled
TEST was incubated again at 300 C and absorbance was
recorded after exactly 30 seconds following the initial
absorbance reading. This is called Final A, multiplied by
2 to obtain the change in absorbance per minute at
405nm (∆ A per minute). The cholinesterase activity
(U/L) of the sample was determined by using the
following formula.
Cholinesterase activity (U/L) =

∆ A per min x TV x 1000

13.6 x LP x SV

Where:
∆ A per min = change in aborbance per minute at 405 nm.
TV = Total volume (1.01 ml)
SV = Sample volume (0.01 ml)
13.6 = millimolar absorptivity of 5- thio- nitrobenzoic
acid at 405 nm.
LP = Lightpath (1-cm)
1000 = conversion of units per ml to units per liter.
Results
Figure 1 show the experimental data obtained from
the analysis of acetyl cholinesterase. The results indicate
acetyl cholinesterase activities of 6895 + 822, 5697 +
468, 5069 + 624, 4054 + 980, and 3158 + 648 U/L for 0,
5, 10, 15, and 20 mg/kg BW respectively. As shown in
this figure there was a dose-response relationship with
respect to arsenic inhibition of acetyl cholinesterase in
the blood.
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Figure 1: Effect of Arsenic trioxide on the activity of
serum cholinesterase in Sprague-Dawley rats.
Discussion
There is increasing interest in the development of
new methods for assessing chemical toxicity, and the use
of knowledge of mechanisms of toxic actions to improve
this assessment. In order to determine the effect on
serum acetyl cholinesterase (AChE), adult male SpragueDawley rats were exposed for five days to four different
concentrations (5, 10, 15, 20 mg/kg) of arsenic trioxide.

The data obtained from this study clearly show that
arsenic trioxide significantly decreased the activity of
serum acetyl cholinesterase in a dose-dependent manner
(Figure 1). The results agree with previous studies that
demonstrated a decreased activity of acetyl
cholinesterase in neuroblastoma cells of mice [24], in rat
whole brain [23, 25] and in two models of fish [26].
In this study, the decrease in the activity of acetyl
cholinesterase was positively correlated with the
chemical dose. The inhibition of acetyl cholinesterase by
arsenic trioxide is a puzzling phenomenon because
AChE does not contain the structural features usually
associated with the inhibition of enzymes by arsenic.
Trivalent arsenic compounds are potent inhibitors of a
number of enzymes [27] but the mechanism of this
inhibition is the reaction of the arsenical with free
sulfhydryl groups, notably those of reduced lipoic acid,
to form cyclic thio-arsenite diesters. However, other
compounds known to be sulfhydryl reactants such as
organomercury compounds or iodoacetamide did not
inhibit AChE [28]. The enzyme has been found to
contain cysteine only in the form of disulfide bridges and
not as free thiol [29].
Acetyl cholinesterase (AChE) is one of many
important enzymes needed for the proper functioning of
the nervous systems of humans, other vertebrates and
insects. Certain chemical classes of pesticides, such as
organophosphates (OPs) and carbamates interfere with
or inhibit cholinesterase. Acute toxicity manifests as a
cholinergic crisis with excessive glandular secretions,
altered mental status, and weakness. Several delayed
syndromes associated with these pesticides exposure are
myasthenic-like syndrome, peripheral neuropathies,
neuropsychiatric abnormalities and extrapyramidal
disorders [30].
AChE has been shown to be neurotoxic in vivo and in
vitro; it accelerates assembly of amyloid peptide in
Alzheimer’s fibrils, leading to cell death via apoptosis
[31]. Brain AChE has been shown to be toxic to neuronal
(Neuro 2a) and glial-like (B12) cells [32]. There are also
reports that transgenic mice over-expressing human
AChE in brain neurons undergo progressive cognitive
deterioration [33]. Organophosphates ability to affect
acetylcholine neurotransmission, poisoning commonly
manifests with acute dysfunction of the autonomic,
central and peripheral nervous system. Failure to
recognize these manifestations can result in worsening
toxicity, delayed complications, and death [33].
Despite its deleterious actions on the central nervous
system, there have been very limited studies of the
effects of arsenic on the brain and behaviour. Therefore,
the present study provided new insights on the
neurotoxicity of arsenic, and indicated that acetyl
cholinesterase activity can be used as a biomarker of this
neurotoxicity if the specific pre-exposure conditions are
characterized.
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