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ABSTRACT :The present study was aimed to investigate the effect of environmentally relevant levels of lead exposure during
gestational and early postnatal period on hippocampal dependent spatial memory in rats during adulthood. The
pregnant rats were allowed to drink either normal water (control group) or 0.2% lead acetate solution (Lead
treated group) during pregnancy and lactation. Thus rats pups of lead treated group where exposed to lead
indirectly through their mothers during this period. At weaning pups of lead treated group were allowed to drink
normal water till they attain the adult hood. Blood lead level was estimated on postnatal day 22 and 120. Birth
weight and weight gain of the rat pups as they grew were measured at regular intervals. Both the control and
lead treated groups of rats were subjected to water maze test on postnatal day 30 and 120. Results showed that
lead treatment had no effect on birth weight or weight gain. Blood lead level on postnatal day 22 was
significantly high in treated group compared to the control group and it was normalized by end of four months.
The rats born to lead treated mothers showed impaired in spatial memory during water maze test both on
postnatal day 36 and 126. These data suggests that exposure to environmentally relevant levels of lead during
intrauterine and early postnatal period of brain development causes impairment in spatial memory not only
during infancy but also lasts till adulthood.
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INTRODUCTION
Lead (Pb) has been long known to be a cumulative neurotoxin (Michael,1998). The lead poisoning in
developing countries is due to contamination from industrial wastes, lead battery recycling plants, lead-based
paints, silver refining industry, vehicle emission, and folk medicines (Henry,2003).
In humans, first two years of life is considered as the critical period as far as brain development is
concerned. In rats, first four weeks of life is considered as crucial period for brain development. During early
period brain development, the brain undergoes major developmental and biochemical changes (Rice D,2000).
During this period, lead exposure can cause defective brain development and which results in neurological
deficit (Rice and Barone.,2000;Evans,2010; Brent et al., 2004). Cookman et al.,(1987) have found that lead (Pb)
induces precocious differentiation of the glial cells during structuring of the brain during development, further
enhancing the chances of alterations in normal brain development.
In humans episodic memory is a type of declarative memory concerned with conscious recall of about facts,
events or specific stimuli. It has been proved that the hippocampus contributes to the encoding and storage of
episodic memories (Griffiths et al., 1999; Mishkin et al., 1997; Tulving and Markowitsch, 1998). Explicit
memory expression is dependent on the hippocampal region in humans (Cohen and Squire, 1980). Hippocampal
place cells were suggested as the primary substrate of the spatial memory abilities underlying the spatial
navigation processes involved in hidden-platform MWM learning (Poucet, 2000). The hippocampus is critical
for spatial cognition in various species of animals, including mice and rats (O’Keefe and Dostrovsky, 1971;
Jung and McNaughton, 1993) seems to be the most affected by lead poisoning (Broadbent et al., 2004;
Schneider et al., 2001).
The exact mechanism by which lead acts as a neurotoxin remains elusive and lead exposed children show
deficits in learning and memory (Chiodo et al., 2007). Experimental data suggests that many neurochemical and
neurophysiological processes are affected by lead (Pb) and which result in defective cognitive processes in brain
(Finkelstein et al.,1998; Johnston and Goldstein et al.,1998;). Lanphear et al.,(2000) had suggested four affected
domains in childhood lead exposure. They are attention, executive function, visual-motor integration and social
behavior. However Dietrich et al.,(2000) with help of their study suggested that fine-motor coordination and
balance are also effected.
Studies conducted in adult rats following developmental lead exposure have shown inconclusive results.
Jaako-Movits et al.,(2005) found impaired contextual fear conditioning and reduced hippocampal neurogenesis
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in adult rat following developmental lead exposure. Murphy and Regan,(1999) in their study conclude that adult
rats showed memory deficits following to lead exposure in the early postnatal period. But some researchers did
not find any impairment in adult rats' memory retention (Chen et al.,1997; Chen et al.,2001) and spatial learning
(Gilbert et al.,2005) following maternal lead exposure.
Even though there are number of studies pointing towards cognitive and behavioral deficits in children who are
exposed to lead. The information on long-term consequences in adulthood due to developmental lead exposure
is inconsistent. The earlier study conducted in our laboratory found that the passive avoidance learning and
memory are affected in adult male rats which were exposed to environmentally relevant lead levels during their
embryonic development and early postnatal periods (Barkur et al.,2011). So we undertook this study, the goal
was to assess the spatial memory during infancy and adult hood (on postnatal day 30 & 120) in rats exposed to
low level of lead during their prenatal and early postnatal period of brain development. The spatial memory was
assessed by conducting Morris water maze test
MATERIAL AND METHODS
Animals
Three months old in-house bred, adult male and female albino Wistar rats were used in this study. Animals were
maintained in 12:12 hour light: dark environment, with water and food available ad libitum. Institutional animal
ethical committee approval was obtained for the study.
Experimental design
The lead administration was performed according to the protocol published previously which had produced a
blood lead levels between 25 and 35 µg/dl in adult rats maintained on lead (Pb) (Jaako-Movits et al.,2005; Chen
et al.,1997). These blood lead values fall within the environmentally relevant range that found in certain
segments of the population throughout the world because of environmental lead (Pb) contamination (Toscano
and Guilarte, 2005).The pregnant rats obtained by mating adult female and male rats were divided into two
groups. i) Normal control (n=6) and ii) Lead treated (n=6). The rats in the lead treated group were allowed to
drink 0.2% (1090 ppm) lead acetate solution through out gestation and for 21 days after delivery (lactation
period). Glacial acetic acid (0.5ml/l) was added to the water to prevent any precipitation of lead acetate in the
solution. To know the day of conception and gestational age, all female rats were subjected to vaginal smear
test. Pups born to lead treated group had access to the same water(water with 0.2% lead acetate) as mother rats
until weaning (Postnatal day 21) (Flow chart-1). The rats in the normal control group were allowed to drink
normal water through out gestation and lactation period. The male pups born to normal control group of rats and
lead treated group of rats were our experimental animals. On 22nd postnatal day, one male rat pups from each of
normal control rat (n=6) and one male rat pups from each of lead treated group (n=6) were selected randomly
and were housed in separate cages. After wards animals of both groups were allowed to drink normal water till
postnatal day 120. The male pups were weighed at birth and at monthly intervals throughout the experimental
period. Blood lead level was estimated on postnatal day 22 and 120. The learning and memory retention in male
rats of both these groups were assessed by Morris test on postnatal day 30 and 120 (Flow chart-1).
Blood lead analysis
Blood was collected on postnatal days 22 and 120, from orbital veins in heparinized vacutainers. One hundred
microlitres of blood was mixed with 2.9 ml of metexchange reagent using a micro-pipettor and allowed to stand
for 24 hours. Blood lead was determined by anodic stripping voltammetry using an ESA-3010B lead analyzer
(Kuruvilla et al.,2004).
Morris water maze test (D'Hooge and De Deyn, 2001)
To test the spatial memory, rats were subjected to Morris water maze test on postnatal day 30 and 120. Data was
analyzed using with video camera and Panlab Smart Version 2.5 video tracking software, Barcelona, Spain.
The water maze apparatus consists of a water tank of 1.8 meter in diameter, divided into 4 quadrants. There was
a 4’’x 4’’ size escape platform submerged in one of the quadrant, the target quadrant. The pool was filled with
water at a temperature of 18-26°C to a depth of about 40cm. Milk was added to the water just before the
experiment to make the water opaque. Permanently positioned distinctive objects were placed for facilitating
spatial orientation of the animal. Positions of the cues were kept unchanged throughout the period of training.
The rats were trained in the water maze in 10 sessions on 5 consecutive days, two sessions on each day. Each
session consists of 4 trials. In each trial time taken to reach the hidden platform was recorded. If the rat was
unable to find the platform within two minutes, the training session was terminated and a maximum score of two
minutes was assigned. Twenty-four hours after the last learning session rats were subjected to memory retention
test. This session was of 30 sec. duration. The escape platform was removed from the target quadrant and rat
was released in the quadrant opposite to target quadrant. Time taken to reach the target quadrant, time spent in
the target quadrant and distance traveled in the target quadrant were measured. Greater latency to reach the
target quadrant and less time spent in the target quadrant were suggestive of spatial memory impairment.

ISSN : 0975-9492

Vol 3 No 11 Nov 2012

513

Rajashekar Rao Barkur et al. / International Journal of Pharma Sciences and Research (IJPSR)

Statistical analysis
The numerical data are expressed as standard deviation ± SD. Differences between the groups were tested using
the unpaired Student's t-test and significance was set at P<0.05.
RESULTS AND DISCUSSION
Body weight
The average birth weight and body weights measured at monthly intervals in control and lead-treated pups are
shown in Table 1. There was no significance difference between the groups. This indicates that the low level of
lead (Pb) dosage (0.2% lead acetate) used in the experiment did not cause any alteration in general health of
these animal.
Blood lead content
Blood lead content of lead treated group was significantly high compared to normal control when measured on
postnatal day 22 (0.23±0.10 µg/dl (n=6) in normal control group vs 31.32±2.76 µg/dl (n=6) in lead treated
group)(Figure 1). These blood lead values were consistent with similar data reported by others (12, 14). Blood
lead concentration was returned to normal levels in lead treated group by postnatal day 120 as there was no
significant difference in blood lead contents between normal control and lead treated group on postnatal day
120 (Figure 1).
Water maze test on postnatal day 30
Latency to escape on to the escape platform during learning sessions.
In the first session, rats in all groups took more time to reach the escape platform. In the second session rats in
all groups were able to reach the escape platform, much faster than 1 st session. In sessions 3, 4, and 5, rats in all
groups learnt to reach the escape platform and their escape latency decreased progressively from session to
sessions, however lead treated group of rats were taking more time than normal control animals to reach the
escape platform. But the data was not significant.
Water maze test performance in retention test (postnatal day 30)
Latency to reach the target quadrant
The lead treated group of rats took longer time to reach the target quadrant,where as the normal control groups
of rats took less time to reach the target quadrant (Figure 2).
Time spent in the target quadrant (postnatal day 30)
The lead treated group of rats spent less time in the target quadrant compared to the normal control groups
(Figure 3).
Distance travelled in the target quadrant (postnatal day 30)
The lead treated group of rats traveled shorter distance in the target quadrant as compared to normal control
groups of rats (Figure 4).
Water maze test on postnatal day 120
Latency to escape on to the escape platform during learning sessions.
The pattern of learning in both rat group was very much similar to the water maze test conducted on postnatal
day 30. Lead treated group of rats were taking more time than normal control animals to reach the escape
platform during all the 5 learning session, however the data was not significant.
Water maze test performance in retention test (postnatal day 126)
Latency to reach the target quadrant
The latency to reach the target quadrant was significantly increased in lead treated group of rats compared to the
normal control groups of rats (Figure 2).
Time spent in the target quadrant
The lead treated group of rats spent less time in the target quadrant as compared to normal control groups of
rats (Figure 3).
Distance travelled in the target quadrant
The lead treated group of rats traveled less distance in the target quadrant as compared to normal control groups
of rats (Figure 4).
Video tracking of water maze test performance of representative rats in each group on postnatal day 36 and 126
is shown in the Figure 5.
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DISCUSSION AND CONCLUSION
The mean blood lead levels in control and lead treated group on postnatal day 22 was 0.23μg/dl and 31.32μg/dl,
respectively. On postnatal day 120 blood lead level had come to normal in lead treated group and there was no
significant difference in blood lead contents between normal control and lead treated group. So experimental
objective of exposing lead (Pb) during crucial period of early brain development in rats was achieved.
The findings from the present study suggest that exposure to lead during crucial period of brain development
resulted impairment of spatial memory in this group of rats both at young age and even in adult hood. This can
be due to lead-induced impairments of the hippocampus. Hippocampus plays an important role in both spatial
and contextual learning. The Morris water maze tests the ability of rodents to learn and memorize the location
of a hidden platform in a pool of water by cues keep around water mazes (Morris et al.,1982). This task of
spatial learning requires involvement of hippocampal NMDA and muscarinic cholinergic receptors (McNamera
et al.,1993;Ohno et al.,1992). It is proved that water maze tasks and passive avoidance tasks in rats require a
contribution from hippocampus and other parts of limbic system (Aggleton and Brown,1999;Aggleton et al.,
2000).
In this study we observed that lead-exposed rats during learning sessions took little more time to reach the
platform on both occasions (Postnatal day 30 and 120) however the data was not significant. However this can
be consider as an indication of lead-induced deficit in learning behavior. During the retention test, the
lead-exposed rats showed longer latency to reach the target quadrant both during postnatal day 36 and 126.
Xu et al.,(2009) who exposed rats to similar dosage (0.2% lead acetate) as our study during gestation and
lactation found long term memory deficit in Morris water test conducted on postnatal day 30. In our present
study we found similar results Morris water maze on postnatal day 36. Xu et al.,(2009) also observed damage to
mitochondria, microfilaments, and microtubules in hippocampal neurons and myelin sheath degeneration. This
might partly explain the reason for the spatial memory deficient in these lead treated rats. There are evidences to
suggest that lead exposure causes disturbances in the aminergic system in the cerebral cortex, cerebellum &
hippocampus, which contribute to cognitive and behavioral impairments in rats (Devi and Brown, 2005). Jett
and Guilarte, (1995) found that developmental lead exposure causes alteration in N-methyl-D-aspartate
(NMDA) and muscarinic cholinergic receptors in the hippocampus of rats at 14 days of age. Jaako-Movits et al.,
(2005) established that exposure to lead during early development inhibits neurogenesis and alters the process
of differentiation of new cells in the dentate gyrus of rat hippocampus, which could be responsible for the
spatial memory impairments. Studies have also shown that there is decreased adult hippocampal gene
expression of nerve growth factor following lead exposure after weaning (Schneider et al.,2001) or during
lifetime in rats (Cory-Slechta et al.,2010) .
Exposure to low levels of inorganic lead during early development has been associated with long-lasting
behavioral abnormalities and cognitive deficits in children and young experimental animals
(Finkelstein et al.,1998; Bellinger et al.,1991). In rats exposed to lead from gestation to weaning, Jett et al.,
(1997) found impairment in performance in the Morris water maze at the age 21days, but not postnatal day 91.
In contrast, our study showed spatial learning impairment on both postnatal days 30 and 120. One reason for this
discrepancy could be lead doses used. Jett et al. (1997) used 250ppm lead acetate in their study which is much
less that the dosage used in our study. Neuroanatomical changes caused in brain the by 250ppm of lead acetate
might have been reversed by the time animals reached the age of 90 days.
In summary, the results of the present study demonstrate that low-level of environmentally relevant lead
exposure during the critical period of early brain development affects spatial memory which lasts a life time.
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Flow chart-1: Time scale of treatments and measurements for normal control / lead treated groups of experimental rats. MWM- Morris water maze test
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Body weight (Grams, Mean ± SD)
Groups

Postnatal day
0

30

60

90

120

Normal control(n=6)

5.56±0.88

51.83±2.71

153.17±3.82

252.17±2.64

289.50±6.47

Lead treated (n=6)

5.76±0.42

53.17±2.12

151.50±3.16

255.00±3.24

287.83±3.56

Table 1: Body weight (in grams) of rats in normal control and lead treated groups at different postnatal ages. Each data represents mean ± SD.

Figure 1
The blood lead content (µg/dl of blood) in normal control and lead treated groups on 22nd and 120th postnatal day (PND). Each bar represents
Mean ± SD (n=6 in both the groups). ***P<0.001. (Student’s t-test)
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Figure 2
The latency to enter the target quadrant (sec) during the water maze retention test in normal control (NC) and lead treated (L) groups on
postnatal day 36 and 126. Each bar represents Mean ± SD (n=6 in both the groups). *** P<0.001. (Student’s t-test)
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Figure 3
The time spent in the target quadrant (sec) during the water maze retention test in normal control (NC) and lead treated (L) groups on
postnatal day 36 and 126. Each bar represents Mean ± SD (n=6 in both the groups). *** P<0.001. (Student’s t-test)
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Figure 4
The distance travelled in the target (Sec) during the water maze retention test in normal control (NC) and lead treated (L) groups on
postnatal day 36 and 126. Each bar represents Mean ± SD (n=6 in both the groups). *** P<0.001. (Student’s t-test)
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Figure 5
Video tracking of representative rats belonging normal control (NC) and lead treated (L) groups during probe test (spatial memory retention
test), 24 hours after last learning session in water maze on postnatal day 36 and 126 respectively. TQ- Target quadrant.
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