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Abstract
Objectives: Widespread use of heavy metal lead (Pb) for various commercial purposes has resulted in the environmen-
tal contamination caused by this metal. The studies have shown a definite relationship between low level lead exposure 
during early brain development and deficit in children’s cognitive functions. This study investigated the passive avoid-
ance learning and spatial learning in male rat pups exposed to lead through their mothers during specific periods of early 
brain development. Material and Methods: Experimental male rats were divided into 5 groups: i) the normal control 
group (NC) (N = 12) consisted of rat offspring born to mothers who were given normal drinking water throughout gesta-
tion and lactation, ii) the pre-gestation lead exposed group (PG) (N = 12) consisted of rat offspring, mothers of these rats 
had been exposed to 0.2% lead acetate in the drinking water for 1 month before conception, iii) the gestation lead exposed 
group (G) (N = 12) contained rat offspring born to mothers who had been exposed to 0.2% lead acetate in the drinking 
water throughout gestation, iv) the lactation lead exposed group (L) (N = 12) had rat offspring, mothers of these rats 
exposed to 0.2% lead acetate in the drinking water throughout lactation and v) the gestation and lactation lead exposed 
group (GL) (N = 12) contained rat offspring, mothers of these rats were exposed to 0.2% lead acetate throughout gestation 
and lactation. Results: The study found deficit in passive avoidance learning in the G, L and GL groups of rats. Impairment 
in spatial learning was found in the PG, G, L and GL groups of rats. Interestingly, the study found that gestation period only 
and lactation period only lead exposure was sufficient to cause deficit in learning and memory in rats. The extent of memory 
impairment in the L group of rats was comparable with the GL group of rats. Conclusions: So it can be said that postnatal 
period of brain development is more sensitive to neurotoxicity compared to prenatal exposure.
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INTRODUCTION
Lead (Pb) has no biological role and is toxic to bio-
logical system. Lead has been widely used for vari-
ous commercial and industrial purposes because of its 
economic value and easy availability. Lead is used in 

manufacturing of lead-acid batteries, ceramic glaze, 
plumbing materials, ammunition, wire sheathing, radia-
tion shielding material, herbal medicine, pigments and 
paints [1–3]. In developing countries, environmental 
contamination caused by heavy metals is on the increase 
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their F1 offspring. Rats were housed in polypropylene 
cages (37×21.5×14 cm) with a wire mesh lid and pad-
dy husk as bedding material. Animals were maintained 
in 12L:12D cycle, in an air-conditioned room (22°C) and 
controlled humidity in the central animal house facility. All 
rats were fed with rat pellets (Amurut feed supplies, Puna, 
India) and water ad libitum. The institutional animal ethical 
committee’s (No. IAEC/KMC/07/2007-2008) approval was 
obtained for the study. Animals were maintained and treat-
ed according to the guidelines recommended by the Com-
mittee for the Purpose of Control and Supervision of Ex-
periments on Animals, the Government of India.

Experimental design
Until the pregnancy in adult female rats, vaginal smears had 
been collected every day and pro-estrous females had been 
placed in separate cages along with male rats in the ratio 2:1 
per cage. In the following morning, vaginal smear test was per-
formed. The presence of spermatozoa was taken as an index 
of mating and pregnancy. This day was considered as GD1. 
Pregnant females were individually housed in maternity cages.
The administration of lead (Pb) to the animals was per-
formed according to the previously published protocol 
which had produced a blood lead levels 25–35 μg/dl in 
adult rats maintained on lead [19,20]. This dosage was 
selected as the blood lead levels 25–35 μg/dl seen in seg-
ments of population leaving in the area of environmental 
lead contamination throughout the world (Toscano and 
Guilarte, 2005) [21]. Lead acetate solution (0.2%) was 
prepared in tap water and 0.5 ml/l glacial acetic acid was 
added to prevent any precipitation of lead acetate.
The experimental pregnant rats were divided in- 
to 5 groups (N = 30):
 – normal control (NC) (N = 6),
 – gestation lead exposed (G) (N = 6),
 – lactation lead exposed (L) (N = 6),
 – gestation and lactation lead exposed (GL) (N = 6),
 – pre-gestation lead exposed (PG) (N = 6).

due to rapid economic development and limited regula-
tory infrastructure [4,5].
Epidemiological data has proven a definite relationship be-
tween low level lead exposure during early brain develop-
ment and impairment in children’s cognitive functions [6,7]. 
Studies have suggested that childhood lead exposure affects 
various cognitive domains such as attention, executive func-
tion, visual-motor integration, social behavior, fine-motor 
coordination and balance [8,9]. In children, the most widely 
used chelator for lead toxicity is succimer [10]. However, 
lead deposited in the brain cannot be removed by chemi-
cal chelating agents and reversal of the neurological defi-
cits that are associated with elevated blood lead levels does 
not take place by means of chelation therapy [11].
Crucial period of brain development in humans begins in 
the last trimester of uterine life and continues till 2 years of 
age. However, in rats, this phase of brain development ends 
by the 4th week of life [12].
Hippocampal formation of the brain is critical for memory 
storage, declarative memory and spatial navigation [13–15]. 
In humans, monkeys and rodents, the damage of hippocam-
pus negatively affects the performance in various learning 
and memory tasks [16]. Rats with hippocampal lesions have 
showed impaired spatial learning in the Morris water maze 
test [14,17]. Kuhlmann et al. [18] found that rat pups exposed 
to lead during gestation and lactation period had significant 
impairment in water maze performance, but not rats exposed 
to lead after weaning. However, it would be interesting to find 
out whether only pre-gestation, only gestation, only lactation 
period of lead exposure during early brain development can 
cause learning and memory impairments. So, this study was 
taken up to evaluate and compare the learning and memory 
deficits, if any, in rat pups exposed to low levels of lead during 
specific periods of early brain development.

MATERIAL AND METHODS
The animals used in this study were adult male (200–
250 g) and female Wistar albino rats (180–210 g) and 
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To meta-exchange reagent (2.9 ml), 100 μl of blood was 
added using a micro-pipette and left undisturbed for 24 h. 
The supernatant of the above solution mixture was used 
for estimation of blood lead by anodic stripping voltam-
metry using ESA-3010B lead analyzer [22].

Behavioral experiments
The behavioral tests were performed from the postnatal 
day 26 to 36. Memory retention was assessed by means of the 
passive avoidance test and spatial memory was assessed using 
the Morris water maze test. Before starting the behavioral 
studies, the animals had been handled by the experimenter 
so that they were free from the experimenter induced anxi-
ety. This was done by holding and stroking the experimental 
animals by hand for the duration of 2–3 min each per animal 
in 2 sessions with time intervals of 10 min.

Passive avoidance test
To test the memory retention, rats were subjected to the 
passive avoidance learning test on the postnatal day 26 [23]. 
The test determines the ability of a rat to remember a foot 
shock delivered 24/48 h prior to the memory retention test. 
The passive avoidance apparatus consists of a wooden  
box (50×50×35 cm) with a larger, brightly illuminated 
compartment and a smaller (15×15×15 cm), dark compart- 
ment with grid floor, which was attached to a shock source. 
At the beginning of the experiment, a rat was placed in 
the illuminated larger compartment for exploration. 
The door between the 2 compartments was kept open dur-
ing this phase of the experimental period. The rat was al-
lowed to explore both of the compartments for 5 min. This 
was followed by 3 test trials of 5 min each with an interval 
of 30 min. At the end of 3rd test trial, as soon as the animal 
had stepped into the dark compartment, the door between 
the 2 compartments was closed and a single foot shock 
was delivered through the grid floor (50 Hz, 1.5 mA, 
for 1 s). The rat was held in the dark compartment 
for an addi tional 10 s to allow the animal to form an  

The rats in the gestation lead exposed group (G) were 
given 0.2% lead acetate in drinking water throughout ges-
tation for 21 days. The rats in the lactation lead treated 
group (L) were allowed to drink 0.2% lead acetate in drink-
ing water only after delivery for a period of 21 days (lac-
tation period). The gestation and lactation lead exposed 
group (GL) of rats was administered 0.2% lead acetate in 
drinking water throughout gestation and lactation periods, 
which totaled to a period of 42 days. In the pre-gestation lead 
exposed group, female rats were administered 0.2% lead ac-
etate in drinking water for the period of 30 days. These fe-
male rats of the pre-gestation lead exposed group were then 
mated with the male rats and were maintained on normal 
drinking water throughout the experimental period. The rats 
in the normal control group (NC) were given normal water 
to drink throughout gestation and lactation period.
Mothers of lead-exposed groups gave birth to healthy pups 
without any physical deformities. There was no stillbirth. 
On average, 3 to 4 male pups were born to each experimen-
tal pregnant rats out of which 2 male pups where randomly 
selected for the experiment. So, the male rat pups (N = 12) 
born to normal control rats and lead exposed rats (N = 12 
in each group) were our experimental animals. On the post-
natal day 22, weaning of rat pups in the normal control and 
lead exposed groups (GL, L, G and PG) was done and they 
were housed in separate cages (4 rats per cage). From this 
point onwards, rats of all groups were allowed normal water 
for drinking for the rest of the experimental period. There 
was no mortality of rat pups at weaning.

Birth weight and weight gain
Weights of male pups born to both the normal control and 
lead exposed groups were measured on the day of birth 
and on 7th, 14th, 21st postnatal days.

Estimation of blood lead
On the postnatal day 22, blood for lead estimation was 
collected from orbital veins in a heparinized vacutainer. 
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were analyzed using the video camera and Panlab Smart 
Version 2.5 video tracking software, Barcelona, Spain. 
The rats were trained in the water maze in 5 sessions 
on 5 consecutive days; each session had 2 trials per ani-
mal with an interval of 2 h between the trials. During each 
trial, different start points in the water tank were used. 
In each trial, time taken by the rats to reach the hidden 
platform was recorded and they were allowed to rest 
for 10 s on the platform before removal from the tank. 
The experimenter guided rats to the platform and if they 
failed to find the platform within 2 min, a maximum time 
score of 2 min was assigned.
Twenty-four hours after the last learning session, rats 
were subjected to the memory retention test. The memo-
ry retention session lasted 30 s. In this memory retention 
test, the escape platform was removed from the target 
quadrant and rat a was released in the quadrant opposite 
to the 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 indicative of spatial memory 
impairment.

STATISTICAL ANALYSIS
Data was analyzed using the analysis of variance (ANO-
VA) followed by Bonferroni’s multiple comparison tests 
as post hoc test (Graph pad prism 4 software). Values were 
expressed in terms of mean±standard deviation (M±SD). 
P < 0.05 were considered as significant.

RESULT
Birth weight and weight gain
There was no significant difference between birth 
weight and weight gain in the lead exposed groups of 
rat pups (GL, L, G and PG), when compared to the nor-
mal control group (NC) on the day of birth, 7th, 14th  
and 21st postnatal day (Table 1).

association between the properties of the chamber and 
the foot shock. It was then returned to its home cage. This 
part of the experiment is called exploration and learning. 
The memory retention test was done 24 h and 48 h af-
ter the foot shock. In the memory retention test, the rat 
was placed in the bright chamber and time taken (the 
step-through latency) to enter the dark compartment for 
the 1st time was recorded using a stop-watch. A maximum 
of 180 s was given for the rat to explore. Fraction of time 
spent in the dark and bright compartments for each rat was 
noted. Normal rats avoided entering the dark chamber, 
where they received shock on the previous day, suppress-
ing their normal behavior of exploring the dark compart-
ment. Decrease in entry latency and decreased time spent 
in bright compartment suggested poor memory retention.

Morris water maze test
To test the spatial memory, rats were subjected to the Mor-
ris water maze test from the postnatal day 30 till 36 [24]. 
The Morris water maze experiment consists of learning 
session (for 5 days) and a memory retention test that took 
place 24 h after the last learning session.
The water maze apparatus comprised of a white circu-
lar water tank of 1.8 m in diameter situated in a room il-
luminated by white fluorescent lamps. Along the edge of 
the water tanks, 4 points were marked and these divided 
the pool into 4 equal quadrants. A square shaped escape 
platform (4×4 inches size) was submerged (2 cm below 
the water surface level) in 1 of the quadrant and this quad-
rant was called the target quadrant (TQ). The tank was 
filled with 40 cm of tap water with the temperature of 26°C. 
Before the experiment, powdered non-fat milk had been 
added to make the water opaque. For facilitating the spatial 
orientation in experimental animals, visual cues were placed 
around the water tank. Positions of the cues were kept un-
changed throughout the period of experiment. A video 
camera suspended from the ceiling above the tank was used 
to record the experiment. Animal tracks in the water maze 
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G: 70±23.74, L: 40.17±19.6, GL: 34.42±13.96) and GL, 
L and G groups of rats spent less time (in s) in the bright 
compartment as compared to the PG and NC groups of 
rats (NC: 151.3±20.24, PG: 137.1±20.17, G: 87.08±28.96, 
L: 70.25±27.77, GL: 68.58±36.52) (Figure 1).

Retention test after 48 h
Memory impairment in the GL, L, and G groups of rats 
was evident as the entry latency data of this test was sim-
ilar to the latency (in s) to enter the dark compartment 

Estimation of blood lead level on postnatal day 22
Blood lead level (mg/dl) was significantly high in the gestation 
and lactation lead exposed group (GL) of rats (32±1.97) fol-
lowed by the lactation lead exposed group (L) (26.65±4.08), 
gestation lead exposed group (5.3±1.63), pre-gestation 
lead exposed group (PG) (3.02±0.76), normal control 
group (NC) (0.18±0.06) (Table 2).

Passive avoidance test
Exploration test
We did not find any difference in the control and lead 
exposed groups of rats (GL, L, G and PG) in the time 
spent in the dark and bright chamber during exploration 
in the passive avoidance test before receiving the foot 
shock. The following data shows the time (in s) spent in 
the dark compartment during exploration by different 
groups of rats: NC: 252.92±26.67, PG: 245.83±21.20, 
G: 251.25±19.55, L: 249.17±17.30, GL: 248.33±25.44.

Retention test after 24 h
The gestation and lactation lead exposed group (GL), 
L and G groups of rats revealed impaired memory reten-
tion as they showed decreased latency (in s) to enter the 
dark compartment (NC: 133.5±31.17, PG: 108.75±35.62, 

Table 1. Body weight of rats of different groups

Study group
(N = 12)

Body weighta

(M±SD)
[g]

at birth postnatal
day 7

postnatal
day 14

postnatal
day 21

NC 5.50±0.83 11.03±0.85 18.96±1.86 25.17±1.75
PG 5.42±0.47 11.60±0.92 18.63±1.49 25.75±1.29
G 5.79±0.62 11.68±0.91 18.44±1.43 25.08±1.38
L 5.70±0.69 10.89±0.78 18.92±1.72 25.17±1.70
GL 5.56±0.54 11.63±0.63 18.40±1.16 25.83±1.40

a There is no significance difference in body weight between the lead exposed groups as compared to the normal control group.
NC – normal control; PG – pregestation lead exposed; G – gestation lead exposed; L – lactation lead exposed; GL – gestation and lactation lead 
exposed. 
M – mean; SD – standard deviation.

Table 2. Blood lead (Pb) level in rats of different groups 
(on the postnatal day 22)

Study group
(N = 10)

Pb
(M±SD)

[μg/dl]
NC 0.18±0.06
PG 3.02±0.76
G 5.30±1.63***
L 26.65±4.08***, ##, ###

GL 32.00±1.97***, #, ##, ###

Statistical significance of results (one way ANOVA, Bonferroni’s test): 
*** p < 0.001, when compared with NC; # p < 0.001, when compared 
with PG; ## p < 0.001, when compared with G; ### p < 0.001, when 
compared with L.
Other abbreviations as in Table 1.
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learnt to reach the escape platform much faster and their 
escape latency decreased progressively from session to 
session. However, lead treated groups of rats were taking 
more time than normal control animals to reach the es-
cape platform (Figure 2).

Morris water maze retention test
Latency to enter target quadrants
There was a significant increase in latency to enter 
the target quadrants in the lead exposed group, name-
ly the GL, L, G and PG groups of rats as compared to 
the NC (NC: 1.68±0.36, PG: 2.85±0.95, G: 4.83±1.92, 
L: 5.47±1.96, GL: 8.55±2.64) (Figure 3).

Time spent in target quadrant
Spatial memory impairment in rats is also indicated by 
the time spent in the target quadrant. The decreased 
time spent in the target quadrant indicates spatial 

after 24 h (NC: 82.92±37.75, PG: 81.83±31.06, G: 
43.33±19.35, L: 25±12.82, GL: 22.25±15.41) and the GL, 
L and G group of rat spent less time (in s) in the bright 
compartment as compared to the PG and NC groups of 
rats (NC: 107.5±30.26, PG: 88.33±33.39, G: 72.08±28.03, 
L: 49.58±24.81, GL: 41.08±22.99) (Figure 1).

Morris water maze test
Learning sessions
During the learning sessions, latency to reach on to the es-
cape platform was measured in s. In the 1st session, rats in 
all groups took equal amount of time to reach the escape 
platform. In the 2nd session, rats in all groups were able 
to reach the escape platform, much faster than during 1st 
session. In the sessions no. 3, 4, and 5, rats in all groups 
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Fig. 1. Passive avoidance performance of various rat groups 
(on the postnatal day 27): a) latency to enter the dark 
compartment, b) time spent in bright compartment
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Fig. 2. Latency to escape on to the platform during learning 
sessions in water maze of different rat groups (postnatal 
day 30–34)
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memory impairment. The gestation and lactation lead-
exposed group (GL), L, G and PG groups of rats spent 
significantly less time in the target quadrant when com-
pared to the NC group (NC: 18.10±5.09, PG: 12.12±3.81, 
G: 9.98±1.37, L: 7.67±1.21, GL: 5.20±3.15) (Figure 3).

Distance traveled in target quadrant
This data supplemented the results of time spent in the tar-
get quadrant data. The gestation and lactation lead ex-
posed group (GL), L, G and PG groups of rats showed sig-
nificantly shorter distance traveled in the target quadrant 
when compared to the NC group (NC: 545.17±100.72,  
PG: 374.11±12.40, G: 348.83±48.06, L: 291.00±57.20, 
GL: 158.71±78.80) (Figure 3).
Video tracking of representative rats belonging to various 
groups during memory retention test 24 h after the last 
learning session in the water maze is given in the Figure 4.

DISCUSSION
There was no significance difference between the birth 
weight and weight gain (on 7th, 14th and 21st postnatal day) 
in the lead exposed groups of rat pups (GL, L, G and PG), 
when compared to the normal control group (NC). We 
did not find any still birth and mortality at weaning in the 
lead exposed groups. So, it can be said that the low level 
of environmentally relevant lead exposure dosage used 
in the experiment did not cause any alteration in general 
health of lead exposed animals.
Blood lead level was the highest in the GL group of rats 
which had the longest time of lead exposure. This was fol-
lowed by the L, G, PG and NC group of rats, respectively.
The passive-avoidance test exploits the rodent’s prefer-
ence for darkness and assesses the long-term memory in 
it [25]. In our study, we did not find any difference in ex-
ploration behavior between the control and lead-exposed 
groups of rats (GL, L, G and PG). During the retention 
test (after 24 h and 48 h), the GL, L and G groups of 
lead exposed rats showed lower latency to enter the dark 
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Fig. 3. Performance in the water maze retention test of 
various rat groups on the postnatal day 36: a) latency to 
enter the target quadrant, b) time spent in target quadrant, 
c) distance travelled in target quadrant
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pregnancy and lactation showed a decreased exploratory 
behavior and impairment of learning and memory in the 
shuttle box test. However, in this study, lead exposure only 
during lactation (L group) and only during gestation pe-
riod (G group) caused memory deficit in the passive avoid-
ance test. The extent of memory deficit in the passive avoid-
ance test in the L group was comparable with that of the 
GL group (lead exposure period of 42 days) even though 
the period of exposure in L group was shorter (21 days). 
The G group which had lead exposure for the period 
of 21 days showed memory impairment in the passive avoid-
ance test which is comparatively shorter than the L group. 
The impairment seen in the GL, L, and G group may 
have been related to a possible inhibitory action of lead 
on immature hippocampal neurons. Lead by interfering 
with synapse formation might have contributed to defi-
cits in passive avoidance memory formation. Hippocam-
pal dentate granule synapses gets stabilized after 6–8 h of 
learning. Neural cell adhesion molecule (NCAM) plays 
an important role in this process by influencing dendritic 
expansion and spine density [28]. The synthesis NCAM is 
affected by lead [29].
The Morris water maze (MWM) test is used to test 
the spatial memory in rodents to locate a hidden platform 
in the pool of water using visual clues kept near the water 
maze [14] and is closely associated with the number of gran-
ule cell neurogenesis in the dentate gyrus (DG) of hippo-
campus [30]. During the learning session (2nd to 5th) of the 
water maze test, rats in all groups showed progressive de-
crease in escape latency from session to session. However, 
lead treated groups of rats, namely the GL, L and G groups 
were taking more time than normal control animals to reach 
the escape platform. In the retention test 24 h after the learn-
ing session, there was a significant increase in latency to enter 
the target quadrants in the GL, L and G groups of rats. There 
was also significant reduction in time spent and the distance 
traveled in the target quadrant in the GL, L, G and PG groups. 
This confirms severe spatial memory impairment in lead  

compartment than the control group and also they spent 
less time in the bright compartment indicating lead in-
duced memory impairment. 
De Oliveira et al. [26] found that rats exposed to low level 
of lead from the gestation day 11 till the postnatal day 28 
had significantly reduced latency values in the step-through 
inhibitory avoidance memory task. In a study conducted by 
Moreira et al. [27], rat pups exposed to lead acetate during 

PG, G, L and GL group of rats spent less time, and traveled a short 
distance in the target quadrant during the water maze test indicating 
spatial memory impairment. 
B – beginning of the track; TQ – target quadrant; E – end of the track. 
Other abbreviations as in Figure 1.

Fig. 4. Video tracking of representative rats belonging to 
different groups during memory retention test 24 h after last 
learning session in water maze
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significant learning and memory retrieval deficits in young 
offspring both in the passive avoidance test and Morris 
water maze test. Interestingly, in both of the above tests 
the extent of memory impairment in the L group of rats 
was comparable with the GL group of rats. However, 
pre-gestation lead exposure had minimal ill effects on 
memory impairment as compared to other lead exposed 
groups. It can also be noted that, blood lead level on the 
postnatal day 22 in the G group (5.30±1.63 μg/dl) were 
almost simi lar to the PG group (3.02±0.76 μg/dl). Never-
theless, the G group showed significant memory impair-
ment as compared to the PG group. This fact proves that 
it was the period of lead exposure during brain develop-
ment which was responsible for extent of memory impair-
ment seen in the G group rather than blood lead level at 
the time of learning and memory assessment. This fact 
holds true also for the memory impairment seen in the L 
and GL group of rats.

CONCLUSIONS
In conclusion, this study demonstrates that lactation pe-
riod brain development is a sensitive period as far as lead 
exposure is concerned. The reasons for this may be nu-
merous. But, we hypothesize that development of dentate 
gyrus of hippocampus, which occurs mainly from the post-
natal day 1 to the postnatal day 19 [43], gets affected as 
a consequence of lead exposure in the lactation period. 
The 2nd reason may consist in the fact that postnatal neu-
ronal differentiation and synaptogenesis might have been 
affected by lead exposure from the postnatal day 1 to 21 
in both the L and GL groups of rats. So, it can be said 
that the postnatal period of brain development is more 
sensitive to lead neurotoxicity when compared to that of 
prenatal period.
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exposed groups especially in the GL, G and L groups which 
may be due to the attention deficit. 
Previous studies have found that chronic lead exposure 
in Wistar rats during gestation and lactation resuld in 
decreased learning performances in the water maze 
test [18,31] and cause damage to mitochondria, micro-
filaments, and microtubules in hippocampal neurons [32]. 
Chang et al. [33] showed spatial learning deficits in the 
Morris water maze test, in rats exposed to 0.2% lead acetate 
in the drinking water through their mothers from the ges-
tational day 15 to the postnatal day 21. Yang et al. [34] and 
Wang et al. [35] concluded from their study that exposure to 
lead during only gestational period and only lactation peri-
od is sufficient to cause spatial memory deficits in the Mor-
ris water maze test in young adult offspring respectively. 
In this study, it has been demonstrated that lead ex-
posure during only gestation period and only lactation pe-
riod produces significant impairment in water maze test. 
Cognitive deficit in the L group was comparable to the 
GL group even though the period of lead exposure was 
much shorter (L group: 21 days vs. GL group: 42 days).
Exposure to lead during early brain development produces 
hippocampal synaptic plasticity deficits and affects long-
term potentiation (LTP) and spatial memory in young adult 
rats [36,37]. The reason for this phenomenon has been at-
tributed to selective inhibition of N-methyl-D-aspartate 
subtype of excitatory receptors (NMDAR) by lead [38,39]. 
Lead alters the expression of the NMDAR subunits result-
ing in the defective NMDAR structure affecting the hip-
pocampal development and maturation [35,36,40]. Lead is 
believed to influence the expression of hippocampal DNA 
methyltransferases and methyl cytosine-binding proteins 
which are involved in early brain development process [41]. 
Lead exposure from the gestation day 0 to the postnatal 
day 21 in rats, enhances oxidative stress and alters the apop-
tosis process in developing hippocampal neurons [42].
This study has revealed that the gestation period (G group) 
and only lactation period (L group) lead exposure causes 
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