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Introduction
Exposure to environmental contaminants poses a significant threat 

to normal growth and differentiation of the developing brain.1 As a 
member of the polycyclic aromatic hydrocarbon (PAH) family, B[a]
P, is ubiquitous throughout the environment and is derived from the 
incomplete combustion of organic matter.2 It is known for its neurotoxic 
potential causing neurobehavioral alterations in animal models,3 and 
its metabolites can reach the brain tissues by crossing the blood-brain 
barrier and thereby gains direct access to the central nervous system.3–6 
Accumulating evidence indicates that hippocampus is particularly 
important for spatial learning and memory,7 morphological changes 
occur during pregnancy, the postpartum period, and after weaning. 
However, in the present scenario very little is known about the 
mechanism of action and effects of these neurotoxicants on animals’ 
model inducing persistent cognitive dysfunction of offspring during 
early-life to result in diseased phenotypes in later-life. Although a 
various mode of administration were known an intraperitonial B[a]
P administration during early gestation and the toxic insults induced 
by these neurotoxicants developing rat brain during postnatal 
development quite uncertain. 

Recently, we demonstrated that sub-acute exposure to B[a]P (0.02 
and 0.2 mg/kg BW) in adult mice induced impairment of short-term 
and spatial memory.8 Epidemiological evidences regarding humans 

has shown prenatal exposure of B[a]P to the foetus adversely affects 
foetal development, resulting in low birth weight and reduced head 
circumference, as well as neurobehavioral deficits in the offspring. 
Due to mining activities and combustion of coal the elevated levels of 
environmental PAHs were found in children exposed in utero showing 
learning and memory disorders.9 Similarly, short-term memory loss 
were found in coke-production plant workers at Poland with developed 
neurotic syndromes depending on the level of exposure to B[a]P.10 
Prenatal or sub-acute exposure to B[a]P have reported robust neurotoxic 
effects resulting from exposure to polycyclic aromatic hydrocarbons 
on learning and memory mechanisms in rodent models (assessed by 
Y-maze, fixed-ratio operant conditioning, 2-lever reversal conditioning 
and Morris water maze performance).8,11 Gestational exposure to 
B[a]P aerosol attenuated the capacity for long-term potentiation and 
reduced learning and memory abilities in the F1 generation.11 Recent 
studies also showed that B[a]P adversely affects a number of fetal 
developmental indices such as low birth weight,12–14 impaired learning 
and memory,15,16 and decreased immune response.17 Neurogenesis, 
formation of neuronal networks and synaptic connections are known 
to be formed in the initial phase of brain development, however the 
injury or insult that occurs in this phase may result in abnormality 
leading to manifestation of neurological diseases.18 Studies have also 
suggested neurotransmitter and morphological changes in neuronal 
cells played an important role in modulating neurobehavioral effects 
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Abstract

Animal studies demonstrate that exposure to benzo[a]pyrene, (B[a]P) is associated 
with developmental neurotoxicity. The neurotoxicity of B[a]P is proposed to arise 
from the genotoxicity leading to neuronal cell death. Hence, gestational exposure to 
B[a]P during foetal development is thought to affect the adult behaviour. To explore 
this, in the present study the neurotoxic effects of B[a]P dosage (thrice, 300μg/kg/BW/
day, each) after prenatal exposure were investigated. The pregnant Wistar rats were 
administered with B[a]P by intraperitonial (i.p.) from gestational days (GD14-17) with 
control group (i.e.,<0.1% DMSO) and a separate group of rats without any treatment 
taken as naive group. Behavior was assessed in the offspring at 6 weeks of age by 
using T-maze test and novel object recognition test. The histopathological analysis was 
carried out by haematoxylin and eosin (H&E) staining method. A significant increase 
in the time spent in left arm, and decreased percentage of spontaneous exploration 
was observed in B[a]P treated groups in comparison to naïve and control. Further, 
time taken to reach near the novel object was significantly decreased, with significant 
increase in spontaneous exploration time in the B[a]P treated Wistar rats suggesting 
that gestational exposure impairs learning and memory as well as explorative behavior 
of rats. Cytomorphometry analysis of hippocampus showed significant loss in number 
of neurons in B[a]P treated group as compared to naive and control. Taken together, 
these findings showed during development gestational B[a]P exposure exerts memory 
deficit at adulthood and neuronal loss in hippocampus indicating its influences on 
adolescence behavior of the next generation. 
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of B[a]P.19,20 Furthermore, B[a]P transplacentally can transfer from 
mother to foetus, causing in utero injury to the developing brain. 
B[a]P is able to penetrate the blood brain barrier4 and can modify 
the function of central nervous system.21 It is well established that 
environmental exposure to B[a]P can have multiple deleterious tissue 
effects depending on the dose, time (prenatal, postnatal) and term of 
exposure.2 Based on the above concerns, this study was carried out 
to investigate the low-dose exposure to B[a]P during pregnancy on 
neuronal morphology in hippocampus of young rats and learning and 
memory. We evaluated the effects of prenatal exposure to B[a]P on 
hippocampal morphology, because the hippocampus is a key area for 
learning and memory. Whereas, the link between direct gestational 
B[a]P exposure and its long lasting neurodegenerative potential on 
pre-adolescences offspring’s subsequently causing learning and 
memory deficit and alteration in neuronal morphology in adult is yet 
to be addressed. Hence, our main objective of the present study is 
to provide some of the first evidence cementing a cause-and-effect 
relationship between the prenatal B[a]P exposure during gestation 
period and the hippocampal neuronal structure and behavioral 
dysfunction during adulthood.

Materials and methods
Ethics statement 

All the protocols followed in the experiments were approved by 
the ethics committee of the institute (Ravenshaw University, Odisha, 
India) in accordance with the guidelines of the ‘committee for the 
purpose of control and supervision of experiments on animals by 
Institutional Animal Ethics Committee (Regd. No.1927/Go/Re/S/16/
CPCSEA). Highest care was taken to reduce suffering of animals 
during sampling. 

Chemicals and reagents 

The investigative chemicals e.g. Benzo[a]pyrene including other 
standards used in these experiments were purchased from Sigma-
Aldrich Chemicals (St. Louis, MO, USA) and Sisco Research 
Laboratories (SRL, India) unless otherwise mentioned. 

Experimental animals and treatment

The experiments were carried out according to Ravenshaw 
University ethical guidelines for the care and use of laboratory 
animals. The pregnant Wistar rats were maintained in home cages at 
controlled temperature (20–25⁰C) humidity and on a 12hr light/12hr 
dark cycle with free access to food and water. B[a]P was then given 
during gestation thrice into the first 2 postnatal weeks; because rats are 
altricial, the postnatal exposure period corresponds to stages of brain 
development in the late second to third trimester human fetus, so that 
exposure encompasses brain development corresponding to the entire 
human fetal period. The rats were anesthetized and administration of 
B[a]P (i.p.) dose was carried out on (GD 14-17). Wistar rats were then 
separated into three experimental groups, with (n=6) per group. Naïve 
(without any treatment), control (vehicle treated) received DMSO only 
and B[a]P treated (300μg/kg/BW/day; each) three times on gestation 
(GD14) (the metamorphosing embryo stage) through (GD17) (the 1st 
fetal stage). The behavioural test was conducted began at PND 35 and 
continued to PND 42. The animals were sacrificed after behavioural 
testing and hippocampal region were snap frozen washed in normal 
saline, stored at -80ºC until further use. 

Behavioural tests

T-maze Test

T-maze test was done in relevance to.22 It is made of acrylic material 
with two arms (left arm and right arm) also known as goal arm and a 
start arm. Two arms of the maze are (50 cm long, 10 cm in width, with 
walls of 25 cm height) and the starting arm is (70 cm) separated by a 
acrylic partition. We used a positive reinforce (pellets) placed in right 
arm, so as to reward alternation behaviour. This appetitive motivated 
learning task was utilized to evaluate spatial working memory.23,24 
This test is based on the willingness of rodents to explore a new 
environment, i.e. they prefer to visit a new arm of the maze rather 
than a familiar arm. Rats were habituated to the T-maze for 2-3 days. 
On 1st day of habituation the rats were allowed to freely explore the 
maze for 5 min. On 2nd and 3rd day pellets were placed as food reward 
in the left arm during training. Each test session rats were placed at 
the start arm then allowed to explore through the maze for 5 minutes. 
On Day 4 and Day 5 actual test was conducted with food deprivations. 
Between each consecutive test the maze was cleaned thoroughly with 
a 70% ethanol solution. The percentage of spontaneous alterations 
(number of turns in each goal arm), time spent in each arm and total 
trial duration the rat made was calculated and recorded using ANY-
Maze video-tracking system (Stoelting Co., USA) (Figure 1 & Figure 
2).

Figure 1 T-maze. 

Figure 2 Performance of rat in T-maze.
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Nobel object recognition test:

The Novel object recognition test (NOR) evaluates the ability of 
rodents to recognize a novel object in the environment. To test for 
attention and memory in a low-motivational state recognition of a 
novel object was assessed. Tests were conducted in opaque plastic 
enclosures measuring 70×41×33 cm. Objects consisted of plastic, 
glass, or ceramic material and were randomized for each animal. 
Animals were first habituated to the apparatus in 2 consecutive 5 min 

sessions over the course of 2 days. Testing began on day 3 with a 
5 min ‘information’ session in which 2 identical objects (A/A) were 
placed in the cage for the animal to explore. The animal was then 
placed back in the enclosure with one object from the A/A session and 
with another, dissimilar, ‘novel’ object (A/B session). The time spent 
actively exploring each object was recorded in video tracking using 
Any maze software (Stoelting Co., USA. After completion of each 
phase we were used 70% ethanol to clean the object and experimental 
apparatus (Figure 3).

Figure 3 Novel object recognition setup.

Histopathological study by H & E staining

Rats were sacrificed after the behavioral test all rats were 
anesthetized and perfused with 4% paraformaldehyde25 in 0.1 mol/L 
phosphate buffer solution (pH 7.4). Then, the brains were removed, 
dissected into hippocampal blocks and fixed in the similar solution for 
24 h under running tap water, dehydrated in graded series of ethanol 
(30–100%). Following routine processing in paraffin, serial coronal 
sections of the brain were cut at 8μm thickness in a rotary microtome 
(Leica, CM1520, Germany). The parts of each rat brain section were 
stained with Hematoxylin and Eosin (H&E) stain. The slides were 
observed under microscope and measurement of the hippocampal area 
was performed and images were taken with requisite magnification 
with the help of Stereo microscope. The identification of neurons and 
glia were carried out as suggested previously.26 The neuronal cells in 
hippocampus of naïve, control and B[a]P groups were counted using 
dissecting microscope.27

Statistical Analysis

The mean and standard error of mean of each set, i.e., naive, 
control, B[a]P treated in DMSO (< 0.1%) were calculated. Statistical 
comparison was done among all the above mentioned groups. The post 
hoc analysis was done by Newman–Keul’s test in all experimental 
groups wherever appropriate by using one way analysis of variance 
(ANOVA). Difference below the probability level p< 0.05 was 
considered statistically significant.

Results
Behavioural test

B[a]P impaired short term learning and memory: 

T-maze test was used to assess the learning and memory of t 
wistar rats after B[a]P exposure during gestation. Track plots showing 
the position and movement of the Wistar at the centre of the object 
during the test recorded through video tracking indicating significant 

differences between control and treated groups [Figure 4(a)]. Our 
results showed significant increase in the time spent in left arm 
(F2,15=30.03, p<0.05), with decresed no of transitions (F2,15=12.08, 
p<0.05), in B[a]P treated groups as compared to naive and control 
groups [Figure 4(b) & Figure 4(c)]. Effects of prenatal B[a]P exposure 
on escape latency in rats and time spent in arms of T-Maze, at 6 week 
of age. B[a]P-exposed rats learned significantly less in reaching left 
arm except for naïve and control. Values are means ± SE (n = 6). *p < 
0.05; **p < 0.01 vs. control (repeated-measures Newman-Keul’s test).

Novel object recognition test

Track plot showing preference for the novel object recognition 
evaluated as the difference between times spent with the novel versus 
the familiar object during the test through video tracking any maze 
software [Figure 5(a)]. The results showed a significant reduction in 
the time taken in exploring the novel object (F2,15 = 22.78, p<0.05), 
and increase in spontaneous exploration (F2,15 = 16.98, p < 0.05) in 
B[a]P treated group when compared with naive & control groups 
[Figure 5(b) & Figure 5(c)]. The B[a]P treated groups reduced the 
preference for the novel object (main treatment effect, **p < 0.01), 
with significant effects for in comparison to naïve and control. There 
was no significant difference between naive and control groups, 
implicating that exposure to B[a]P impaired learning and memory of 
the offspring during later life.

Histopathological study

Histopathological analysis through haematoxylin and eosin 
(H & E) staining showed that there was a significant degeneration 
in the number of hippocampal neuron during early adolescences in 
the B[a]P treated group [Figure 6(c)] as compared to naive [Figure 
6(a)], and control control [Figure 6(b)] group after intraperitonial 
administration of B[a]P (300μg/kg/BW) during gestation (n=6) per 
group. The qualitative evaluation of images did not reveal gross 
alterations concerning cell bodies morphology or layer organization. 
Quantitative analysis was based on counting the number of neuron 
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and glial cells in CA1 region of hippocampus (Image J software). In 
controls, both pyramidal and granular nerve cells were homogenous 
and a light distinct nucleus observed in hippocampus. Whereas after 
gestational administration of B[a]P during development period rats 
showed significantly higher neuronal loss when compared with 
naive and control at 40x magnifications (Scale bar - 25µm) and 
400x magnifications (Scale bar -20µm). Since the neurogenesis of 
hippocampal pyramidal neurons takes place between E17 and E19 in 

rats the reduction of neuronal cells in CA1 may indicate the effects of 
B[a]P administration on neuronal precursors, a highly susceptible cell 
type. Histogram representing evaluation of number of hippocampal 
neurons and glia showing a significant decreased in neuronal density 
with less number of pyramidal neuron (F2,15 = 656.2, p < 0.05) and 
gliosis (F2,15 = 1235, p< 0.05) in the of B[a]P treated group as compared 
to naive and control [Figure 6(d) Figure 6(e)] inducing alteration in 
number of neurons and glia of brain hippocampus. 

Figure 4 Behavioural studies: Effects of B[a]P after intraperitonial (i.p.) administration (300μg/kg/BW) to pregnant rats during early gestation and impact on 
learning and memory behavior of the pre adolescent offspring’s during post natal development through T-maze test (a) Representation of track plot images (b) 
Time spent in left arm of the maze (sec), (c) No of transitions (sec) in naive, control (DMSO), B[a]P treated groups. Less number of transitions to the targeted 
left arm of T maze during the total test period ( 5 minutes) suggested the memory impairment. Values are expressed as mean ± SEM, n=6. ‘a’ denotes p<0.05 
when compared to naïve group, ‘b’ denotes p<0.05 when compared to control group.

Figure 5 Behavioural studies: Effects of B[a]P after intraperitonial (i.p.) administration (300μg/kg/BW) to pregnant rats during early gestation and impact on 
learning and memory behavior of the pre-adolescent offspring’s during post natal development through Novel object recognition test (a) Track plot image 
representation (b) Time taken to explore the novel object (sec), (c) Spontaneous explorations through the maze (sec) in naive, control (DMSO), B[a]P treated 
groups. Explorative behaviors, such as sniffing the object or touching the object while looking at it, were considered as exploration of the objects. The time spent 
exploring the old or the novel object during the recognition phase was recorded. Values are expressed as mean ± SEM, n=6. ‘a’ and ‘b’ denotes p<0.05 when 
compared to naïve and control group.
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Figure 6 Effects of Benzo[a]pyrene after intraperitonial (i.p.) administration (300μg/kg/BW) to pregnant rats during early gestation and impact on learning 
and memory behavior of the pre adolescent offspring’s during post natal development through histopathological analysis by haematoxylin and eosin staining. 
Representative images of H&E staining sections of offspring rat hippocampus in naïve [Figure 6(a)], control (DMSO) [Figure 6(b)] and B[a]P treated groups 
[Figure 6(c)] after intraperitonial administration of B[a]P during gestation (Scale bar =25µm) at 40x magnifications and (Scale bar = 20µm) at 400x magnifications. 
Histogram representing degeneration (     ) of hippocampal neurons [Figure 6(d)] and no of glia in hippocampus of B[a]P treated groups [Figure 6(e)] as compared 
to naive and control (<0.01% DMSO) groups. Values are expressed as mean ± SEM, n=6. ‘a’ and ‘b’ denotes p<0.05 when compared to naïve and control groups.

Discussion
We report in the present study that environmental exposure 

during pregnancy causes cognitive impairment in wistar rats. PAHs 
are predominantly anthropogenic in source and are liberated as 
a consequence of partial combustion carbon containing organic 
compounds.28 B[a]P is a prototype of PAHs family known to induce 
significant genotoxicity. Previous studies reported that prenatal 
exposure to B[a]P impairs the brain development and causes 
neurobehavioral response in later phase of life.11,29,30 Although 
different models of animal studies have been proposed to investigate 
the functional outcomes, it remains unclear whether gestational 
exposure to B[a]P, alter the brain structure and function at an early 
adolescences and adult stages with the underlying hippocampal 
neuromorphology. Evidences Epidemiological from human studies 
has shown prenatal exposure of B[a]P to pregnant women affects 
foetal cognitive development adversely, resulting in low birth weight 
and reduced head circumference, as well as impaired learning and 
memory in the offspring.14 

Hence, the main objective of the present study was to elucidate 
the intraperitonial administration of B[a]P during gestation to Wistar 
rats and its association with altered behavioural phenotypes and 
neuronal morphology during post natal developmental period. Our 
present study suggests intraperitonial exposure to B[a]P during early 
gestation causes spontaneous alteration in learning and memory 
through T-maze test. Findings of our present study is in support with,8 

where sub-acute exposure to two lowest doses of B[a]P (0.02 and 0.2 
mg/kg) showed a learning disability in a Y-maze test. Gestational 
exposure to a mixture of environmental pollutants, including B[a]
P induced a long-term deficit in learning affecting behavioural 

performance by altering central neurotransmission.11 In utero B[a]
P exposure was found to impair the function of the somatic sensory 
cortex of the offspring of exposed-dams leading to cognitive deficits, 
drug addiction and psychiatric disorders.5 Similarly, chronic B[a]
P exposure, found that a B[a]P dose of 6.25 mg/kg significantly 
impacted learning and memory.31 The results of our present study 
confirmed object location memory dysfunction of the pre-adolescent 
offspring’s through Novel object recognition test leading to significant 
loss of memory and behavioural performances. Similarly, previous 
studies reported that In utero exposure to B[a]P aerosol- causes 
significant learning and memory impairment in offspring in an object 
discrimination paradigm.30 It was suggested that B[a]P induces 
significant breakdown of homeostatic cellular mechanisms expressing 
structural and physiological changes thereby modulating emotional 
response, learning and memory. 

Learning and memory deficits have been also associated with 
increased hippocampal neurogenesis, while gestational exposure to 
B[a]P (GD 14-17) on hippocampus might provide evidence regarding 
the negative effect on hippocampal neurogenesis. The developmental 
processes such as differentiation, neurogenesis and synaptogenesis 
are incomplete and progressive in nature at early stages of life. Hence, 
it is important to study the mechanism of irreparable loss induced by 
B[a]P during postnatal period. As developing foetal brain progresses 
through a rapid phase of development it is considered as the most 
critical and susceptible period of exposure to genotoxic compounds. 
Our present study demonstrated significant reduction of hippocampal 
neurons and glial cells through histopathological observation after 
exposure to B[a]P at early gestation. Moreover, the decreased 
neuronal cell number in the conus ammonis (CA) region might be due 
to ROS induced necrotic cell death and the findings are in agreement 
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with our study.32 Similarly, intracisternal B[a]P administration to rat 
neonates leads to significant decrease in hippocampal neuronal and 
glial cell counts when compared with control group.33 Previous study 
also reported that an increase in lipid peroxidation level in response 
to B[a]P exposure suggests damage to neuronal cell membrane thus 
leading to impaired cell signalling.3 The possible neurodegenerative 
consequences following B[a]P administration at GD14-17 and its 
neurobehavioral manifestation in pre-adolescent offspring’s may 
be associated with altered neuronal morphology. The results of the 
present study suggest that exposure to B[a]P at early gestation causes 
learning and memory deficit in offspring rats affecting the neuronal 
survival in their later-life suggesting to establish strategies to reduce 
the impact of gestational exposure to B[a]P on learning and memory 
in humans.

Conclusion
In conclusion our findings states the prenatal B[a]P exposures 

are able to impact hippocampal morphogenesis and the outcomes 
may be verified along postnatal development, persist throughout 
adolescence and even into adulthood. The preset study suggest that in 
utero exposure to B[a]P during gestation (e.g. pre weaning) affects the 
neuronal structure reducing the number of differentiated neurons and 
glial population significantly. These morphological changes depict the 
behavioural alterations that result in deficits in learning and memory 
during adulthood. However, our study emphasize that further research 
are needed to know the real cellular and molecular mechanism to 
determine whether neuronal loss plays a role in the altered learning 
and memory behavior in adult rats after in utero exposue to B[a]P.
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