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Abstract

Catecholamine is a group of neurotransmitters that is believed to be responsible for the
normal function of animal brain. Physiological and behavioral changes of human body have
been reported due to the damage of the brain function following lead exposure. Due to the
assumption of lead disposal in brain tissue with two year for its half-life, which results in
alteration of brain function, we investigated the ability of lead to change the brain catecholamines
during short and long-term studies. Rats were exposed daily with varying amounts of lead
and catecholamine contents of cerebellum, mid-brain and brain cortex were determined.
Acute peritoneal administration of single dose of lead as lead acetate (260 umol/Kg) after
2 h reduced (p < 0.05) the catecholamine levels of cerebellum, mid-brain and cortex part by
34.9%, 35.44% and 23.8%, respectively. The extension of experiment time to 5 h, significant (p
< 0.05) reductions in catecholamine levels of mentioned regions of brain by 32.35%, 12.35%
and 19.3% were seen respectively. Daily intraperitoneal administration of 10 umol/Kg lead
for 30 and 60 days reduced catecholamines levels of cerebellum (22.22% and 30.44%), mid-
brain (12.48% and 26.27%) and brain cortex (11.58% and 26.7%) respectively. It might be
concluded that brain dysfunction in lead intoxicated rat occurred through the reduction in
the catecholamine levels of different parts of brain. Lead might be therefore considered as a
probable factor in causing neurological disease in lead exposed man.
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Introduction

The increasing lead (Pb™) emission in the
environment is bringing lots of health problems
in human throughout the word. Utilization of
this metal in industrial activity, smelting, paints,
ceramic dish and etc. are concerned as major
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sources for Pb*? disposal in our environment (1).
Exposure of human to Pb™? could be occurred
through gastrointestinal (water and food
contaminations) and respiratory (air-polluted)
systems, and then absorbed and stored in tissues
including bone, brain, etc. (2). The effects of
Pb*? on human health lead to the appearance of
anemia, bone disease, renal dysfunction, liver
hyperplasia, encephalopathy and many kinds of
cancer (2-8).

Since the half-life of Pb*? in brain is about
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two years, the toxicity of Pb™ on Central
Nervous System (CNS) is more common among
the children and adult and might provide some
behavioral disorders, learning and hearing
disabilities and cognition impairments (9). The
oxidative damage of Pb*? on brain biomolecules
including DNA, lipids and proteins have
been reported and named as one of the most
important mechanisms for Pb™ toxicity (1,
10, 11). Furthermore, Pb*™ is able to substitute
calcium in calmodulin and alter its function as
essential nutrient for signal transmission and
neurotransmission (12, 13). The inhibitory
effect of Pb*? on Na'/K'-ATPase activity by
focusing on its role for linking the extracellular
to intracellular signals at neuron level has been
evidenced by NourEddine ef al. (14).

Although encephalopathy is more common
especially in children, severe complication of
Pb*™ poisoning resulted in encephalopathy and
it is associated with ataxia which could be due
to the exposure of Pb*? in particularly workplace
(15). The pathogenesis of Pb*? encephalopathy
in the cerebellum region of brain could be
linked to the more susceptibility of cerebellum
capillary to Pb*? than other regions. It however
well evidenced that brain Pb™ retention is
prolonged and unaffected by some kind of
chelating therapy (16). Several investigations
have shown that astroglial cells accumulate
and store Pb™ in intracellular (17) suggesting
that these cells may act as a storchouse
for Pb*? in CNS. Other observations show
alterations in motor coordination and cortical
function and make damage to cholinergic and
neurotransmission system. Cholinergic function
requires adequate amount of neurotransmitters
such as catecholamine, acetylcholine and etc.

(18).
Catecholamines represent a group of
neurotransmitters including dopamine,

adrenaline and noradrenalin. They are present
in CNS and fulfill a variety of functions
such as motor control, cognition, emotion,
memory processing, and endocrine regulation
in human and animal bodies (19). The main
sites of catecholamine production are brain,
chromaffin cells and the sympathetic neurons.
It has been clearly demonstrated that the most
important neurotransmitters in the central
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nervous system are dopamine and noradrenalin
(20). Catecholamines play an important role in
the control and regulation of numerous brain
functions and they also involve in different
neurodegenerative disorders like Alzheimer
Disease (AD) and Parkinson Dementia (PD)
(21). The role of catecholamines in health and
disease have been described long time ago by
variety of researchers. In this regard, changes in
catecholamine levels are associated with some
environmental stresses and measurement of this
parameter is a useful tool for the recognition of
related promoting agents (20).

Previously, the devastator effects of toxic
elements on catecholamine levels in different
brain regions have been reported. In this
respect, Yadav et al. (22) indicated that arsenic
can decrease the level of catecholamine in rat
brain. Furthermore, chromium leads to decrease
in catecholamine level in rat brain (23). In
another experiment, the lessening pattern
for catecholamine following short and long-
terms aluminum exposure were observed by
Moshtaghie et al. (24). Influences of other toxic
metals like nickel and mercury are controversial
and need more investigation.

Due to the prevalence of Pb*? production in
industrial and developing countries, the exposure
of this toxic element may influence the human
health, particularly children health, which may
retard and damage their normal growth and
also affect their brain functions (14). Therefore,
the major aim of the present investigation was
to establish short and long-term effects of Pb*
on the catecholamine levels as an important
neurotransmitter for brain function in different
parts of brain. Rats were used as an animal
model for this project as well.

Experimental

Chemicals

All chemicals were of reagent grade and
highest purity available, and were obtained from
Sigma Chemical Company (Sigma, Germany)
to minimize the metal contamination. Deionized
water was used throughout this project. All
glasswares were soaked overnight in 10%
HNO, and were then washed three times with
distilled water and then with deionized water.



Plasticwares were also prewashed by 10 mmol
EDTA followed by three washes with distilled
water and finally deionized water.

Treatment of animals

Male Wistar rats were purchased from
Pasteur Institute (Tehran, Iran) and maintained
on animal house until achieving the desired
weight. The animals’ weights were within the
range of 200-250 g at the start of experiment.
These animals supported ad libitum for food and
water and also normal light and darkness (12
L: 12 D). The temperature of their environment
remained steady during the experiment (20
+ 3°C). This study was carried out as three
separated experiments including 2 and 5 h, and
30 and 60 days.

Experiment 1 (short-term study)

The animals were divided into two groups,
with the first group serving as control and the
other as experimental group. The experimental
group was exposed to sub-lethal concentration
of Pb™ (260 pumol Kg' BW), lower than LD,
for intraperitoneal injection in rat, which is
150 mg Kg'(25). Desired dose of Pb*? ion
was prepared by dissolving Pb*? as acetate salt
(Pb(CH,C0O0),.3H,0) in normal saline (NaCl:
9 gL'Y). The mentioned amount was injected
intraperitoneally using syringe into rat abdomen
and the animals were tested following 2 and 5
h of injection time. Control group received the
same volume of normal saline (0.3 mL) as used
for experimental animals.

Experiment 2 (long-term study)

For investigation of Pb* exposure on
catecholamine levels of rat brain in long-term,
a treatment with 10 umolKg"' was prepared and
each individual (five) received the same amount
of intraperitoneal Pb*? daily for periods of 30 and
60 days. Control animals received only the same
volume of normal saline daily. At the end of 30
and 60 days of administration, all animals were
prepared for brain catecholamine measurement.

Sample preparation

At the end of each period of experiment, all
treated rats (five) were killed by decapitation.
Hereafter, the animal’s brain has been removed
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quickly by dissection of cranial cavity and
washed by ice cold saline. The different regions
of brain were isolated using method described
by Glowinsky et al. (26) and the following tests
were done.

Catecholamines measurement

The rat’s brain was applied for quantifying
of catecholamine levels. In this regard, different
regions of brain have been homogenized using
perchloric acid (0.1 M) and EDTA 1% for 5 min.
The homogenate was centrifuged for 20 min with
10000 rpm at 4°C. The supernate fluid was then
separated and the containing catecholamines
were extracted by using of alumina column.
This procedure has been performed when the
supernatant pH was reached 8.6. This elevation
will be achieved by adding EDTA and sodium
bisulfite (12.5%). After that, the supernatant
was added to alumina (ALO,) and allowed to
adhere onto alumina for 15 min at the room
temperature. The alumina was then washed
twice with distilled water. For separation of
catecholamines, HCI 1% was used finally (27).
The levels of catecholamines were measured
using spectrofluorimetric technique and reported
as ng of catecholamines per mg protein in each
brain region.

Protein determination

The amounts of tissue protein were
determined according to the method of Lowry
et al. (28).

Statistical analysis

The obtained data were subjected to statistical
analysis using SPSS software (version 18).
In all cases, the one-way analysis of variance
(ANOVA) was used to compare the mean of
each treatment with control group. The LSD
complementary test was conducted to elucidate
the exact differences at p-value lower than 0.05.
Data are presented as mean + SD (Standard
Deviation) for all cases.

Results and Discussion
Initially, rats were exposed to Pb** (260 pumol

Kg' BW) with a single dose and decapitate
after 2 h. Reductions about 34.9%, 35.44%
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Figure 1. The effect of Pb™ on catecholamine in cerebellar part of rat’s brain during the short and long periods. Each column is the mean
of 5 observations. Asterisks indicate significant differences (p < 0.05) between treatments and control.

200.00

150.00

100.00

50.00

Catecholamine level (ng/mg Protein)

0.00

Control 2h 5h 30d 60d

Time

Figure 2. Mid-brain concentrations of catecholamine following the short and long periods of Pb*? injection. All data appears as mean =+
SD (n = 5). Significances are expressed by * at p < 0.05 when compared with control treatment.
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Figure 3. Short and long-term effects of Pb*™ on catecholamine in cortex part of rat brain. All data are shown as mean + SD. Significant

(p < 0.05) differences from control group are marked by asterisks.

and 23.8% were observed in catecholamine
levels of cerebellum, mid-brain and brain cortex
respectively when compared to control. There
were significant reductions in catecholamine
levels of cerebellum (32.35%), mid-brain
(12.35%) and cortex (19.3%) of rat administrated
with the same dose of Pb* as previous group and
decapitated after 5 h (Figures 1, 2 and 3).

In the second stage of the project, the long-
term effects of Pb™ on the catecholamine
content of different parts of rat brains was also
investigated. For this purpose, rats were injected
daily with (10 umol Kg' BW) Pb* for 30 and 60
days. The catecholamine levels of cerebellum,
mid-brain and cortex were reduced (p < 0.05)
by 22.22%, 12.48% and 11.58% respectively
following the daily injection of Pb™ for 30
days. A new pronounced reduction of brain
catecholamines following Pb*™ exposure for 60
days was observed in cerebellum by 30.44%,
mid-brain by 26.27% and cortex by 26.7% in
comparison with control group (Figures 1, 2
and 3).

In the present study, we evaluated the effect
of different treatments of Pb*? on catecholamine
level of adult rat brain. In all concentrations
tested, significant (p < 0.05) reductions in brain
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catecholamine were observed. In agreement
to our finding, Devi et al. (29) and Smith and
Cass (30) suggested that Pb™ can lead to
decrease in catecholamines. Long-term memory
and also learning function might be affected
by Pb™administration (14). In addition, all
neurotransmitters were observed to be decreased
following the different Pb* treatment (31).
Previous researches indicated that Pb*™
treatments (even in low concentration) resulted
in high level of serum Pb** and therefore its
amount is correlated with accumulation of that
in brain tissue (32). Intracellular accumulation
of Pb” interacts with high molecular weight
proteins in C6 glioma cells and lead to alter
the membrane transport properties for copper
(33) and therefore copper deficiency might
impairs catecholamine levels of brain (34). The
reduction of catecholamine concentrations in all
brain parts was due to the deleterious effect of
Pb*? in one hand and declined stimulant effect
of copper in the other hand, on production of
Superoxide Dismutase (SOD) (11, 35). This
enzyme can protect oxidizable compounds
such as catecholamines against toxic effects
of oxygen (36). Therefore, copper can likely
provide more SOD to protect catecholamine
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in brain. Recently, Benetti et al. (37) showed
that Cuprizone can provide some status like
symptoms that we observe in neurodegenerative
disorders. They suggested that it probably
engender a chronic copper deficiency by cleating
to this element. Furthermore, impairment of the
activity of dopamine beta hydroxylase following
copper deficit could likely impact on brain
development. This process will be done through
changing in brain norepinephrine (34).

The probable mechanism for the effect
of Pb* on the reduction of catecholamines
might be related to the competition between
Pb™ with either magnesium and/or zinc which
may lead to deficiency (ies) of these metals
(38-40). These metals are necessary for the
conversion of Dihydroneopterin triphosphate
to Tetrahydrobiopterin. Tetrahydrobiopterin is
an essential cofactor for tyrosine hydroxylase,
tryptophan hydroxylase, phenylalanine
hydroxylase, and nitric-oxide synthase. These
enzymes synthesize neurotransmitters, e.g.
catecholamines, serotonin, and nitric oxide
(41). In overall, Pb™ may likely impair the
abovementioned process by reduction in
essential elements and changing in the structure
of Tetrahydrobiopterin. The reduction in
catecholamines content may however be as a
result of either decreasing in the catecholamines
following Pb* accumulation in brain and/or
might be related to the preventing role of Pb* to
release this neurotransmitter (40).

Pb*? may alter the aminergic system by
decreasing the mitochondrial monoamine oxidase
and tyrosine hydroxylase activity. The ability
of Pb* for the reduction of catecholaminergic
transmission may be occurred either by inhibition
of the synthesis of dopamine and its acceleration
auto oxidation (29, 42) or by an inhibition of
postsynaptic dopamine receptors (14, 43). The
investigation showed that Pb™ can block the
activation of Ca™?/phosphide dependent protein
kinase C (PKC). The PKC isoforms are known
as signal transducers in CNS that play role in
regulation of vesicles movement and secretion
in synapse (44).

Results from the present study showed that
Pb*™ even in short time of exposure and also in
the low level of concentration had the devastating
effect on the brain catecholamine. Reductions
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in catecholamine were more perceivable in
cerebellum and it may however assume that this
part of brain is much more susceptible to Pb*
toxicity.

As indicated in all Figures (1, 2 and 3),
animals regardless of tested region show
more decrease after 2 h from the beginning of
experiment and since then, there was a steady
increase in catecholamine level of rat brain
at the time of 5 h, but it does not return to the
control level. Anyway, this can be interpreted
as a compensatory response of the brain cell
to the toxic effect of Pb™ following short-term
exposure. Nevertheless, this response was not
observed following long-term Pb**treatment and
a simple reduction was shown.

Additional experiment should be employed
to examine the involved mechanisms, which are
mentioned so far. Applying molecular technique
can clarify the exact mechanism by which Pb*?
interferes with catecholamine metabolism.
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