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ABSTRACT
Introduction: Bisphenol A (BPA), a well-known industrial chemical, has adverse effects on the brain even at relatively low 
exposure levels in rodents, primates and humans. Omega-3-fatty acids participate in a number of neuronal processes including 
neurogenesis, neuron differentiation, and neuro-protection.
Aim of the work: To investigate the possible protective action of omega-3-fatty acids on the injurious histological effect 
induced by Bisphenol A on rat hippocampus.
Materials and Methods: Eighteen adult male Wistar rats were divided into 3 equal groups; control, BPA (1.2mg/kg daily for 3 
weeks, intraperitoneally) and the third group were given omega-3 (300mg/kg orally) in addition to BPA in the aforementioned 
dose and duration. Hippocampus sections were processed for hematoxylin and eosin staining, GFAB staining and electron 
microscopic examination.
Results: BBPA administration resulted into several histological alterations. Glial fibrillary acidic protein-positive cells were 
more abundant in the hippocampus of
BPA-treated animals compared with the control animals. Ultra-structurally, the hippocampus of BPA-treated group showed 
nerve cells having nuclei with irregular outline and dilated perinuclear envelop, dilated RER and Golgi, swollen mitochondria 
with destroyed cristae. Some of the myelinated and unmyelinated nerve fibers showed degenerative changes. Concomitant 
administration of omega-3- fatty acids ameliorated these effects.
Conclusions: OOmega-3-fatty acids partially minimized the severity of BPA- induced
hippocampus injurious histological effects in Wistar rat.
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INTRODUCTION                                                                 

Bisphenol-A (BPA); 2, 2, -bis (4-hydroxyphenyl) 
propane, is a necessary material for the production 
of plastics. BPA- containing material are used in the 
manufacture of many products, such as milk, water and 
infant bottles, food and beverage packaging, compact 
disks, eye glass lenses, dental sealants, artificial teeth, 
cans, drums, reinforced pipes, adhesives, nail polish and 
carbonless papers used in receipts[1, 2]. This extensive use 
of BPA products has led to great public concern since bad 
effects of BPA on human and animal reproduction are 
suspected[3].

The effect of BPA has been studied on different organs 
in both humans and experimental animals[4]. In humans, 
increase of the BPA blood level was associated with some 
metabolic disorders. In addition, BPA has been proved 
to cause neurological problems such as hyperactivity 
disorders and attention deficits[5].

Omega-3 polyunsaturated fatty acids (PUFAs) include 
eicosahexanoic acid (EPA) and docosahexaenoic acid 
(DHA), which are encountered in fish oil. They  are 
proven to have neuroprotective effects as well as anti-
inflammatory, antithrombotic and immunomodulatory 
functions[6], besides a beneficial role in brain growth and 
function. Subsequently, omega-3 polyunsaturated fatty 
acids have been linked to improved childhood development 
when ingested during pregnancy[7].

This work aimed to study the histological changes 
induced by BPA in the hippocampus of Wistar rat and 
evaluate whether co-administration of omega-3 fatty acids 
could alter these effects.

PATIENTS AND METHODS                                      

Animals

The present study was carried out on 18 adult male 
Wistar rats weighing (150–200 g). They were kept in clean 
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properly ventilated cages under similar conditions and had 
free access to food and water throughout the experiment. 
They were accommodated to their new place one week 
before starting the experiment. All animals received 
humane care in accordance with the guidelines of research 
ethics committee, Sohag Faculty of Medicine, Egypt. 

Experimental design

Rats were divided into 3 groups (6 animals each) as 
follows:

Group I (the control group): it was subdivided into 2 
subgroups:

Subgroup IA: untreated group (3 animals).

Subgroup IB: animals received 1.5 ml corn oil (the 
solvent) intraperitoneally each day for 3 weeks.

Group II: animals received BPA, (Sigma, USA, purity 
99%, CAT # 807-05-) dissolved in 1.5 ml corn oil (Sigma, 
USA, CAT # 80017-30-) and given in a dose of 1.2mg/kg 
intraperitoneally each day for 3 weeks[8].

Group III: Rats received omega-3 in a dose of 300 mg/
kg orally via gastric tube[8] in addition to BPA in the same 
previous dose and duration. At the end of the experiment, 
all animals were anaesthetized with 4% halothane, 
perfused with paraformaldehyde 4% and sacrificed. 
Samples from the hippocampus were prepared for light 
microscopy, neutral-buffered formalin 10 % was used as 
fixative, followed by staining of the Sections (5um thick) 
with hematoxylin and eosin stain[9].

Immunohistochemistry for Glial fibrillary acidic 

protein (GFAP)

Sections from hippocampus cut at 5 µm were fixed 
in 10% neutral buffered formalin for 2 days. Modified 
avidin -biotin peroxidase technique for glial fibrillary 
acidic protein GFAP (Thermo Scientific Co, Waltham, 
Massachusetts, USA) was applied to demonstrate the 
astrocytes as described previously[10]. Negative control 
sections were prepared by doing the same steps except that 
PBS was used in place of the primary antibody.

Electron Microscopy

Ten small pieces of tissue were fixed in 2.5% 
glutaraldehyde at pH 7.4 and 4ºC. The specimens were 
then processed for electron microscopic examination. 
Semithin sections (0.5 um) were cut and stained with 
toluidine blue. Ultrathin sections (8090- nm) were cut 
using ultramicrotome. Uranyl acetate and lead citrate 
were used for staining[11]. The sections were examined by 
a JEOL electron microscope (Akishima, Tokyo, Japan) in 
the Faculty of Medicine, Tanta University.

Quantitative evaluation for the immunostained 

sections

The image analyzer system Leica Qwin 500 (Solms, 
Germany) in the National Institute of Research was used. 
GFAP-immunolabeled sections at 400 X magnification 
were examined and the positive data were calculated. The 
obtained data were analyzed using ANOVA and Post Hoc 
test. Significant P value was set at 0.05 (12).

RESULTS                                                                                

Light microscopy

Group I

Normal histological structure of the hippocampus 
appeared after staining of the control group with H&E 
(Fig. 1A-F). 

Group II (BPA-treated group)

Dentate gyrus: histological slides of the hippocampus 
samples of group II showed nerve cells of dentate gyrus 
that appeared degenerated and shrunken. The cells were 
surrounded by a large vacuolated pericellular space. The 
nuclei were darkly stained pyknotic (Fig. 2A). 

Hippocampus proper: areas CA1, CA2 and CA3 
of group II appeared disorganized with degenerated 
pyramidal cells. Loss of the normal arrangement of the 
pyramidal cells was evident. The cells were disorganized 
and irregular in shape. Shrunken cells with darkly stained 
nuclei that appeared surrounded by large vacuolated 
pericellular spaces were also found. Some cells appeared 
either with ghost-like shape or with degenerated 
fragmented nuclei, with loss of cellular characteristics 
(Figs. 2B-D).

Group III 

Dentate gyrus: histological slides of samples of group 
III showed nerve cells of dentate gyrus with overall 
picture less severe compared to Bisphenol-treated group. 
Still there were some granule cells that were shrunken 
and having dark stained nuclei. Vacuolations were 
markedly decreased (Fig. 3A).

Hippocampus proper: areas CA1, CA2 and CA3 of 
Hippocampus proper of group III showed some of the 
changes seen in group II but to a less severe extent. Some 
shrunken degenerated pyramidal cells with pericellular 
spaces were still seen and some disorganization in the 
pyramidal layer was still evident (Figs. 3B-D)

Immunohistochemical results

CA1 area was chosen to be studied in this research. 
The control group showed a few positive brownish star-
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shaped GFAP immunoreactive cells dispersed in this area 
(Fig. 4A). Group II showed an apparent increase in the 
number and size of star-shaped GFAP immunoreactive 
cells (Fig. 4B). Group III showed less number and size 
of astrocytes of the CA1 area compared to Bisphenol-
treated Rats (Fig. 4C).

Morphometric results

Statistical significant increase in the area percentage 
and the optical density of GFAP content in astrocytes 
was shown in group II (Bisphenol treated group) in 
comparison to group I (control group) and group III 
(Bisphenol+ Omeg-3-fatty acids). Group III showed 
significant increase compared to the group I and 
significant decrease compared to group II (Table1, Figs 
4D&E).

Electron microscopic results:

Group I

Normal electron microscopic picture of the 
hippocampus was shown in samples of ultrathin sections 
of the hippocampus obtained from control rats (Fig. 5A-
D).

Group II

Examination of ultrathin sections obtained from 
Bisphenol- treated animals showed prominent alterations. 

Some of the nerve cells showed nuclei with irregular 
outline and dilated perinuclear envelop. The cytoplasm 
showed vacuolation, dilated RER, dilated Golgi and 
swollen mitochondria with partial destruction of their 
cristae (Fig. 6A-C). Some of the myelinated nerve fibers 
showed irregular myelin sheath having thickening, 
partial disruption and the axoplasm revealed vacuolation 
and swollen mitochondria with destruction of their 
cristae (Fig. 6D and 7A). Some of the unmyelinated 
nerve fibers showed partial disruption and the axoplasm 
showed swollen mitochondria with destroyed cristae 
(Fig. 7B). As regards oligodendrocytes, some of 
them had shrunken eccentrically placed nucleus with 
dilated perinuclear envelop. Their cytoplasm revealed 
vacuolation and dilated RER (Fig. 7C).

Group III

Nerve cells showed normal nuclei and Golgi whereas 
it showed dilated RER and some mitochondria with 
destroyed cristae (Fig. 8A). Oligodendrocytes showed 
normal nuclei but its cytoplasm was still showing 
vacuolation and dilatation of RER (Fig. 8B). The 
myelinated nerve fibers showed almost normal axoplasm 
with normal mitochondria and microtubules. They 
preserved most of the compact lamellar structure with 
very minimal disruption (Fig. 8C). The unmyelinated 
nerve fibers looked almost normal with almost normal 
mitochondria and microtubules having only minimal 
disruption (Fig. 8D)
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Fig. 1: A photomicrograph of a section of the hippocampus of Group I. (A) The hippocampus proper (CA1, CA2, CA3) and dentate gyrus 
(DG). (B) The dentate gyrus is formed of two limbs [suprapyramidal (S) and infrapyramidal (I)], crest (C), and hilus (H). (C) The three 
layers of the dentate gyrus: molecular (M), granular (G), and polymorphic (PL). The outer molecular layer contains neuroglial cells (curved 
arrow). The intermediate granular layer contains dense columns of granule cells (arrows). The inner polymorphic layer contains neuroglial 
cells (right angle arrow). (D) The CA1 area is formed of three layers: polymorphic (PL), pyramidal (P), and molecular (M). The pyramidal 
layer is formed of closely packed small pyramidal cells arranged in three or four rows with large vesicular nuclei, prominent nucleoli, and 
scanty triangular cytoplasm (curved arrow). Notice neuroglial cells (arrows). (E) The CA2 area is formed of polymorphic (PL), pyramidal 
(P), and molecular (M) layers. The pyramidal layer is formed of loosely packed small pyramidal cells (arrows). (F) The CA3 area is 
formed of polymorphic (PL), pyramidal (P), and molecular (M) layers. The pyramidal layer shows loosely packed triangular cells (arrows).                                                                                                                                        
                                                                                                                                                                       H&E, A× 40, B× 100, C, D, E &F× 400.
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Fig. 2: A photomicrograph of a section of the hippocampus of Group II. (A) The dentate gyrus with degenerated shrunken granule cells 
surrounded by a large pericellular space (arrows) and darkly stained nuclei (curved arrows). Note numerous vacuolations (V). (B) The 
degenerated, disorganized CA1 area. Some pyramidal cells appear shrunken with darkly stained nuclei and wide pericellular spaces (arrows), 
whereas others appear ghost-like (curved arrow) or with fragmented nucleus (right-angle arrow), (C) The CA2 area. Some pyramidal cells 
appear with darkly stained nuclei (arrows), whereas others appear ghost like (curved arrow). Note loss of normal pattern of pyramidal cell 
arrangement and vacuolations. (D) The CA3 area. Some of the pyramidal cells appear degenerated with darkly stained nuclei, shrunken and 
surrounded by a wide pericellular space (arrows) or ghost like (curved arrow).                                                                                H&E, × 400.
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Fig. 3: A photomicrograph of a section of the hippocampus Group III rat. (A) The dentate gyrus with some shrunken granule cells surrounded 
by pericellular space (arrows) and darkly stained nuclei. Some vacuolations (V) are still seen. (B) The hippocampus at CA1 area of Group III 
shows less severe picture compared to Group II (less degeneration and less disorganization). Some pyramidal cells are still seen shrunken with 
darkly stained nuclei and wide pericellular spaces (arrows). (C) The CA2 area. The areas look more organized compared to the Bisphenol-
treated group. Some pyramidal cells appear with darkly stained nucleus and pericellular spaces (arrows). (D) The CA3 area. Less number of 
pyramidal cells appears with darkly stained nucleus and pericellular spaces (arrows)                                 compared to Group II. H&E, × 400.
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Fig. 4: A photomicrograph of GFAP immunostained section of the hippocampus. (A) The control rat shows astrocytes in the CA1 area. The 
astrocytes appear as immunoreactive star-shaped cells having brown color (arrow). (B) The hippocampus of Group II rat shows astrocytes of 
the CA1 area. Note the apparent increase in the number and size of immunoreactive (brown) cells (arrows). (C) The hippocampus Group III 
showing less number and size of astrocytes of the CA1 area compared to Group II. GFAP immunostain, × 400. (D&E) are Graphs showing 
the mean percentage and mean field of optical density of GFAP positive astrocytes in the hippocampus of the tested groups. Data are 
represented as mean ± SEM. ***P < 0.001. 
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Fig. 5: An electron micrograph of a section in the hippocampus of Group I shows (A) Part of a normal nerve cell having euchromatic 
nucleus with less electron density (N), RER (arrow), polyribosomes (curved arrow), Golgi complex (G) and mitochondria(M), (B) Multiple 
nerve fibers which are either myelinated (curved arrow) or unmyelinated (double arrow), where numerous neurofilaments, microtubules and 
mitochondria (M) are seen. Notice the regular arrangement of myelin sheath (arrow), (C) An oligodendritic cell (arrow) with irregular nucleus 
(N) and nearby myelinated nerve fibers (curved arrows), (D) An astrocyte associated with a blood capillary (arrow and double arrow). 
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Fig. 6: An electron micrograph of a section in the hippocampus of Group II. (A) A nerve cell has a nucleus with irregular outline and dilated 
perinuclear envelop (arrow). The cytoplasm has dilated RER (curved arrow) and vacuoles (right angel arrow). (B) A nerve cell has a nucleus 
with irregular indented outline. Its cytoplasm has swollen mitochondria with partial destruction of their cristae (arrows). (C) A nerve cell has 
a nucleus with irregular outline and dilated perinuclear membrane (N). Its cytoplasm is vacuolated (arrows) and shows dilated Golgi (curved 
arrow). (D) Myelin sheath with thickening (arrow) and vacuolated axoplasm (V). Another one shows partial disruption (curved arrow) and 
swollen mitochondria with partial destruction of their cristae (right angel arrow).
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Fig. 7: An electron micrograph of a section in the hippocampus of a rat of Group II. (A) Myelin sheath with thickening (arrow). Another 
one shows partial disruption (curved arrow), (B) Unmyelinated nerve fibers with partial disruption (arrows) and swollen mitochondria with 
destroyed cristae (curved arrow), (C) An oligodendrocyte with eccentric shrunken nucleus has dilated perinuclear membrane (arrow). Its 
cytoplasm shows vacuoles (right angel arrow) and dilated RER (curved arrow).
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Fig. 8: An electron micrograph of a section in the hippocampus of a rat of group III. (A) A nerve cell has normal nucleus (N), normal Golgi 
(G), dilated RER (arrwos) and swollen mitochondria with partial destruction of their cristae (curved arrows), (B) Oligodendrocyte with 
normal nucleus (N) cytoplasm is still showing dilated RER (arrow) and some vacuoles (curved arrow), (C) Normal myelinated nerve fiber 
having normal mitochondria and microtubules preserving most of its lamellar arrangement although still showing some thickening (arrow) 
and minimal disruption (curved arrow), (D) Normal unmyelinated nerve fiber with minimal disruption (arrow). 
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DISCUSSION                                                                  

The effects of BPA on biological systems have 
been thoroughly researched both in vitro and in vivo, 
however the exact levels of exposure which can badly 
affect humans is under debate[13]. Growing evidence 
suggests that BPA acts directly on neuronal functions 
as it is lipophilic and could accumulate in the brain[14]. 
The present study revealed that low dose of Bisphenol 
A caused degenerative changes in the hippocampus 
of wistar rat. These results were in agreement with 
previous reports indicating that low exposure levels 
of Bisphenol A have adverse effects on the brain in 
both primates and rodents[15 & 16]. One of these reports 
indicated that Bisphenol A exposure impaired the 
neurogenesis of hippocampus and affected memory 
and learning[17]. Other reports indicated that the 
exposure in humans to BPA in early life affects neural 

development. Exposure to BPA during pregnancy is 
accompanied with manifestations of aggression and 
hyperactivity disorders in 2-year-old girls[18] and with 
symptoms of anxiety and depression in young girls[19].

Our light microscopic results showed that the 
dentate gyrus in group II showed degenerative changes 
of nerve cells in the form of shrinkage and appearance 
of a large vacuolated pericellular space. The nuclei 
appeared darkly stained. It also showed that areas 
CA1, CA2 and CA3 of the Hippocampus proper in 
group II showed degenerated pyramidal cells that were 
disorganized. Disarrangement of the pyramidal cells 
might be explained by the adaptive response in the form 
of rearrangement of pyramidal cells. This might be a 
trial of pyramidal cells to regain their function. In line 
with these findings, other investigators proved marked 
disorganized pyramidal cell layer of the hippocampus 
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in the brains of schizophrenic patients[20]. Apoptosis 
might explain the appearance of dark neurons with 
markedly condensed cytoplasm and nucleoplasm[21]. 
The appearance of vacuolated pericellular spaces 
was mostly due to shrinkage of nerve cells and 
withdrawal of their cytoplasmic processes secondary 
to disintegration of the cytoskeletal elements of these 
cells[22]. It was proved that free radical attack on neural 
cells due to oxidative stress (OS) can provoke the 
degeneration of nerve cells. Bisphenol A exposure can 
lead to oxidative stress and DNA damage[23].

GFAP is an intermediate filament protein that is 
found in numerous cell types of the CNS including 
astrocytes[24] and ependymal cells[25]. GFAP is known 
to be important in modulating astrocyte motility 
and shape by adding structural stability to astrocytic 
processes[26]. GFAP is also shown as a specific marker 
for maturity of astrocytes of the CNS[27]. It was found 
that injury of the CNS, whether because of trauma, 
disease, genetic disorders, or chemical factor lead to 
astrogliosis. In astrogliosis, rapid synthesis of GFAP 
takes place and is detected by immunistain7ng with 
GFAP antibody[28]. Bisphenol A caused activation of 
astrocytes that was manifested in the present study in 
the form of increased expression of GFAP. This might 
be a compensatory mechanism for neuronal damage 
caused by Bisphenol A. These changes have been 
proved previously in other forms of neurotoxicity[29].

Electron microscopic examination of Group 
II revealed some nerve cells with irregular nuclei 
and dilated perinuclear envelop. The cytoplasm 
showed vacuolation, dilated RER, dilated Golgi and 
swollen mitochondria with partial destruction of their 
cristae. Some of the oligodendrocytes had shrunken 
eccentrically placed nucleus with dilated perinuclear 
envelop. Their cytoplasm revealed vacuolation and 
dilated RER. The irregular nuclear outline or the 
shrinkage of the nucleus might be attributed to neuronal 
necrosis or DNA damage induced by Bisphenol 
A[30]. The dilated perinuclar envelop, RER, Golgi 
and mitochondria can be accounted for by previous 
reports indicating that oxidative stress by Bisphenol 
A leads to increased intracellular ROS and oxidative 
cell damage[14 & 31]. ROS is known to react with the 
polyunsaturated fatty acids of the biomembranes[32]. 
Lipid peroxidation and fragmentation of protein, 
caused by Free radicals can lead to extensive cell 
damage[33]. The cytoplasmic vacuolation was a result of 
lipid peroxidation theory indicated above, in addition 
to damage of the cell membrane as well as membranes 
of other cell organelles.

Ultrastructural examination of Group II also showed 
that some of the myelinated nerve fibers revealed 
irregular myelin sheath having thickening, partial 
disruption and the axoplasm revealed vacuolation and 
swollen mitochondria with destruction of their cristae. 

A possible explanation for this Bisphenol A-induced 
axonal degeneration indicted that reduced Na+/K+-
ATPase activity could be an initiating event in ion 
disruption associated with swollen and, possibly, 
atrophied regions of distal axons[35]. Other studies 
have reported that Ca2+ accumulation in the axon 
taking place as a reverse pathophysiologic process 
can start a destructive process of the axon[36]. Axons 
discontinuity could be caused by the changes in 
basic myelin protein as a result of exposure to a toxic 
material. The myelin membrane is highly suscebtible 
to damage from exposure to toxic materials, which can 
induce alterations in the myelin sheath[37]. Some of the 
unmyelinated nerve fibers showed partial disruption 
and the axoplasm showed swollen mitochondria with 
destroyed cristae. This could be explained by the 
‘dying back’ process of neuronal injury where injury 
of nerve cells made them incapable of maintaining 
their distal processes leading to axon degeneration[38].

The present study results indicated that concomitant 
administration of Omega-3-fatty acids with Bisphenol 
A can help in reducing the neurodegenerative changes 
induced by Bisphenol A. DHA, a member of omega-3 
fatty acids, is present in high concentration in the 
brain[39]. DHA was found to participate in a number 
of neuronal processes including neurogenesis, neuron 
differentiation & survival and membrane integrity[40]. 
DHA can protect the brain from reactive oxygen 
species and free radicals by increasing the activity of 
cerebral catalase and glutathione peroxidase[41]. DHA 
may also be of great value for regenerative process of 
axons and dendrites after neuronal injury[42]. Studies 
have reported that omega-3 PUFAs can give rise to 
significant neuroprotection after spinal cord injury. 
In an experimental study in rat hemisection and 
compression spinal cord injury, omega-3 PUFAs, 
addd early in the first hour after injury, can decrease 
neuronal and glial cell death, decline oxidative stress 
and the inflammatory cascade provoked by the primary 
injury, and lead to improved neurological function. 
Prominent studies in traumatic brain injury indicated 
a similar neuroprotective potential. Omega-3 PUFAs 
also possess neurotrophic properties[43].

CONCLUSION                                                            

BPA exposure induced injurious histological effects in 
the hippocampus of Wistar rat. Concomitant administration 
of omega-3-fatty acids partially minimized the severity of 
these injurious effects. Further research is recommended 
in order to expand application of these results in clinical 
practice.

CONFLICT OF INTEREST                                          

The authors have no conflict of interest.



52

EFFECT OF BISPHENOL A ON HIPPOCAMPUS 

REFERENCES                                                                

1. Aschberger K., Castello P., Hoekstra E., Karakitsios 
s., Munn s., Pakalin S., et al. (2010) Bisphenol A 
and baby bottles: Challenges and perspectives. JRC 
Scientific and Technical Reports, European Union.

2. Vendenberg L.N., Hauser R., Marcus M., Olea N., and 
Welshons WV. (2007) Human exposure to Bisphenol 
A (BPA). Reproductive Toxicology. 24, 139 –177.

3. WHO (2009) Bisphenol A (BPA)S – Current state of 
knowledge and future actions by WHO and FAO. 

4. Borrell B. (2010) Toxicology: The big test for 
Bisphenol A. Nature. 464, 1122-1124.

5. Wolstenholme J.T., Rissman E.F., Connelly J.J. 
(2011) The role of Bisphenol A in shaping the brain, 
epigenome and behavior. Hormones and Behavior. 
59(3), 296–305.

6. Ramirez-Ramirez V., Macias-Islas M.A., Ortiz G.G., 
Pacheco-Moises F., Torres-Sanchez E.D., Sorto-
Gomez T.E., et al. (2013) Efficacy of Fish Oil on Serum 
of TNFα, IL-1β, and IL-6 Oxidative Stress Markers in 
Multiple Sclerosis Treated with Interferon Beta-1b. 
Oxid Med Cell Longev. 2013, 709493-709500.

7. Jensen C.L. (2006) Effects of n-3 fatty acids during 
pregnancy and lactation. The American Journal of 
Clinical Nutrition. 83(6),1452–1457.

8. Moon M.K., Kim M.J., Jung I.K., Koo Y.D., Ann 
H.Y., Lee K.J., et al. (2012) Bisphenol A impairs 
mitochondrial function in the liver at doses below the 
no observed adverse effect level. J Korean Med Sci. 
27, 644-652.

9. Soliman N.B., Kalleny N.K., Abd El Samad A.A. 
(2010) Effect of Omega-3 versus Omega-6 fatty acids 
on induced ulcerative colitis in Male Albino Rat. Light 
and electron microscopic study. Egyptian Journal of 
Histology. 33(4), 620 – 634.

10. Bancroft JD and Layton C. The hematoxylin and eosin, 
connective and mesenchymal tissues with their stains 
In. S. Kim suvarna, Christopher Layton and John D. 
Bancroft editors. Bancroft s Theory and practice of 
histological techniques. 7th ed. Churchill Livingstone: 
Philadelphia. 2013; glu173-212. 

11. Glial fibrillary acidic protein (GFAP). 
PathologyOutlines.com website. 

12. Bozzola J.J. (2007) Conventional Specimen 
Preparation Techniques for Transmission Electron 
Microscopy of Cultured Cells. In: Kuo J. (eds) Electron 

Microscopy. Methods in Molecular Biology™, vol 
369. Humana Press 

13. Dawson B.T.R. (2001) Basic and clinical biostatistics, 
third edition. Mcgraw-Hill Inc.

14. Inadera H. (2015) Neurological effects of Bisphenol 
A and its analogues. Int J Med Sci. 12(12), 926–936.

15. Khadrawy Y., Noor N., Mourad I., and Ezz H. 
(2016) Neurochemical impact of bisphenol A in the 
hippocampus and cortex of adult male albino rats. 
Toxicol Ind Health. 2(9):1711-1719. 

16. Leranth C., Hajszan T., Szigeti-Buck K., Bober J., 
and MacLusky, N. J. (2008) Bisphenol A prevents the 
synaptogenic response to estradiol in hippocampus 
and prefrontal cortex of ovariectomized nonhuman 
primates. Proc Natl Acad Sci USA. 105, 14187–14191.

17. Nakagami A., Negishi T., Kawasaki K., Imai N., 
Nishida Y., Ihara T., et al. (2009) Alterations in male 
infant behaviors towards its mother by prenatal 
exposure to bisphenol A in cynomolgus monkeys 
(Macaca fascicularis) during early suckling period. 
Psychoneuroendocrinology.34, 1189–1197.

18. Kim M.E., Park H.R., Gong E.J., Choi S.Y., Kim H.S. 
and Lee J. (2011) Exposure to bisphenol A appears to 
impair hippocampal neurogenesis and spatial learning 
and memory. Food Chem Toxicol. 49(12), 3383-9.

19. Braun J.M., Yolton K., Dietrich K.N., Hornung R., 
Ye X., Calafat A.M., et al. (2009) Prenatal bisphenol 
A exposure and early childhood behavior. Environ 
Health Perspect. 117, 1945–1952.

20. Braun J.M., Kalkbrenner A.E., Calafat A.M., Yolton 
K., Ye X., Dietrich K.N., et al. (2011) Impact of early-
life bisphenol A exposure on behavior and executive 
function in children. Pediatrics. 128, 873–882.

21. Altshuler L.L., Conrad A., Kovelman J.A., and Scheibel 
A. (1987) Hippocampal pyramidal cell orientation in 
schizophrenia. A controlled neurohistologic study of 
the Yakovlev collection. Arch Gen Psychiatry. 44(12), 
1094-8.

22. Iwanowski L. (1988) Apoptosis and dark neurons. 
Neuropathol Pol. 26, 573–579.

23. Ratan R.R., Murphy T.H., Baraban J.M. (1994) 
Oxidative stress induces apoptosis in embryonic 
cortical neurons. J Neurochem. 62, 376–379.

24. Sobaniec-Lotowska M.E. (2001) Ultrastructure 
of Purkinje cell perikarya and their dendritic 
processes in the rat cerebellar cortex in experimental 



53

Abd Elaziz and Laag

encephalopathy induced by chronic application of 
valproate. Int. J. Exp. Pathol. 82, 337-348.

25. Jacque C.M., Vinner C., Kujas M., Raoul M., Racadot 
J. & Baumann N.A. (1978) Determination of glial 
fibrillary acidic protein (GFAP) in human brain 
tumors. J Neurol Sci. 1978. 35, 147–155.

26. Roessmann, U., Velasco M.E., Sindely, S.D. and 
Gambetti P. O (1980) Glial fibrillary acidic protein 
(GFAP) in ependymal cells during development. An 
immunocytochemical study. Brain Res. 200 (1), 13–
21.

27. Eng L.F., Ghirnikar R.S., and Lee Y.L. (2000) Glial 
fibrillary acidic protein: GFAP thirty-one years (1969-
2000). Neurochem Res. 25, 1439–1451.

28. Li D.R., Ishikawa T., Zhao D., Michiue T., Quan L., 
Zhu B.L., and Maeda H. (2009) Histopathological 
changes of the hippocampus neurons in brain injury. 
Histol. Histopathol. 24 (9), 1113–1120.

29. Borlongan C.V., Yamamoto M., Takei N., Kumazaki 
M., Ungsuparkorn C., Hida H., Sanberg P.R. & 
Nishino H. (2000) Glial cell survival is enhanced 
during melatonin-induced neuroprotection against 
cerebral ischemia. FASEB J. 14, 1307– 1317.

30. Lehning E.J., Persaud A., Dyer K.R., Jortner B.S., and 
LoPachin R.M. (1998) Biochemical and morphologic 
characterization of acrylamide peripheral neuropathy. 
Toxicol. Appl. Pharmacol. 151, 211–221.

31. Graeber M.B., Blakemore W.F., Kreutzberg G.W. 
(2002) Cellular Pathology of the Nervous System. 
In Greenfield’s Neuropathology, 7th Edition. (Eds. 
Graham, D.I. and Lantos, P.L.). London:Arnold. P: 
123-191.

32. Leranth C., Hajszan T., Szigeti-Buck K., Bober J., 
and MacLusky, N. J. (2008) Bisphenol A prevents the 
synaptogenic response to estradiol in hippocampus 
and prefrontal cortex of ovariectomized nonhuman 
primates. Proc Natl Acad Sci USA. 105, 14187-14191.   

33. Mate´s J.M., Pe´rez-Go´mez, C., Nu´n˜ez de Castro, I. 
(1999) Antioxidant enzymes and human diseases. Clin 
Biochem. 32, 595–603.

34. Kumar V., Abbas A.K., Fausto N. (2008) Cellular 
adaptation, cell injury and cell death. Robbins and 
Cotran Pathologic Basis of Disease. 7th edition, 
Elsevier Saunders, Philadelphia, Pennsylvania (USA). 
P: 3.

35. Emanuel R. (2001) Cell injury. Essential Pathlogy. 3rd 
edition, Lippincot   Williams & Wilkins, Baltimore, 
MD (USA). P:1.

36. Nakagami A., Negishi T., Kawasaki K., Imai N., 
Nishida Y., Ihara T., Kuroda Y., Yoshikawa Y., and 
Koyama T. (2009) Alterations in male infant behaviors 
towards its mother by prenatal exposure to bisphenol A 
in cynomolgus monkeys (Macaca fascicularis) during 
early suckling period. Psychoneuroendocrinology.34, 
1189–1197.

37. Steffensen I., Waxman S.G., Mills L., Stys P.K. (1997) 
Immunohistochemical localization of the Na-Ca 
exchanger in rat central and peripheral myelinated 
axons. Brain Res. 776(1-2), 1-9.

38. Manzo L., Artigas F., Martinez R., Mutti A., 
Bergamaschi E., Nicotera P., et al. (1996) Biochemical 
markers of neurotoxicity: A review of mechanistic 
studies and applications. Hum. Exp. Toxicol. 15 
(Suppl 1), S20-S35.

39. Lehning E.J., Balaban C.D., Ross J.F., Reid M.A., 
and LoPachin R.M. (2002) Acrylamide neuropathy I. 
Spatiotemporal characteristics of nerve cell damage in 
rat cerebellum. Neurotoxicology. 23, 397–414.

40. Wainwright P.E. (2002) Dietary essential fatty acids 
and brain function: a developmental perspective on 
mechanisms. Proc Nutr Soc. 61, 61–9.

41. Hashimoto M. (2014) Omega-3 fatty acids and 
cognition. Nihon Rinsho. 72, 648–56.

42. Hossain M.S., Hashimoto M., Gamoh S., and Masumura 
S. (1999) Antioxidative effects of docosahexaenoic 
acid in the cerebrum versus cerebellum and brainstem 
of aged hypercholesterolemic rats. J. Neurochem. 72, 
1133–1138.

43. Assisi A., Banzi R., Buonocore C., Capasso F., Di 
Muzio V., Michelacci F., et al. (2006) Fish oil and mental 
health: The role of n-3 long-chain polyunsaturated 
fatty acids in cognitive development and neurological 
disorders. Int. Clin. Psychopharmacol. 21, 319–336.

44. Michael-Titus A.T. (2009) Omega-3 Fatty Acids : 
Their Neuroprotective and Regenerative Potential in 
Traumatic Neurological Injury. Clin Lipidology. 4(3), 
343-353.



54

EFFECT OF BISPHENOL A ON HIPPOCAMPUS 

الملخص العربى

دراسة األثر الوقائى المحتمل لألحماض الدهنية أوميجا 3 على التأثير التدميرى 
المستحدث لبيسفينول أ على قرن آمون فى الجرذ: دراسة هستولوجية

عصام محمود لعج1 ، حكمت عثمان عبد العزيز2
1قسم الهستولوجيا ، كلية الطب ، جامعة طنطا ، مصر

2قسم الهستولوجيا ، كلية الطب ، جامعة سوهاج ، مصر

المقدمة: يعد بيسفينول أ (ب ب أ) مركبا كيماويا صناعيا معروفا وقد أدى االستخدام الواسع االنتشار للبيسفينول أ فى المنتجات 

فى  المخ  آثار ضارة على  أ  للبيسفينول  أن  تبين  وقد  المحتملة  السمية  لخواصه  نظرا  به  العام  االهتمام  تعاظم  إلى  االستهالكية 

العمليات  من  عدد  فى   3 اوميجا  الدهنية  األحماض  وتشارك  نسبيا  المنخفض  التعرض  مستويات  فى  حتى  والقرود  القوارض 

العصبية التى تتضمن تكوين الخاليا العصبية وتمايزها وحمايتها.

الهدف من البحث: دراسة التأثير الوقائى المحتمل لألحماض الدهنية اوميجا 3 ضدالتأثير التدميرى لبيسفينول أ على قرن امون 

فى الجرذ ويستار.

مواد و طرق البحث: تم تقسيم 18 جرذا بالغا من فصيلة ويستار إلى ثالث مجموعات متساوية: مجموعة ضابطة ومجموعة تم 

حقنها فى التجويف البريتونى بمادة البيسفينول أ بجرعة تبلغ 1.2 مجم/كجم يوميا لمدة ثالثة أسابيع وتم إعطاء المجموعة الثالثة 

مادة األحماض الدهنية اوميجا 3 عن طريق الفم باإلضافة إلى بيسفينول أ بنفس الجرعة والمدة السابقة. وقد تم تجهيز شرائح قرن 

آمون لصباغتها بالهيماتوكسيلين وااليوسين والبروتين الحمضى الدبقى الليفى وتحضير عينات للفحص بالمجهر االلكترونى.

صبغة  باستخدام  المجهري  بالفحص  ظهرت  والتى  الهستولوجية  التغيرات  من  العديد  إلى  أ  البيسفينول  حقن  أدى  النتائج: 

فى قرن  الليفى  الدبقى  الحمضى  البروتين  التفاعل مع  الموجبة  الخاليا  أكبر من  الهيماتوكسيلين واأليوسين. وتم مالحظة عدد 

آمون للمجموعة المعالجة بالبيسفينول أ مقارنة بحيوانات المجموعة الضابطة. وقد أظهر الفحص بالمجهر االلكترونى للمجموعة 

المعالجة بالبيسفينول أ وجود خاليا عصبية لها أنوية غير منتظمة الشكل مع اتساع الغالف النووى والشبكة االندوبالزمية المحببة 

وجهاز جولجى مع تمدد الميتوكوندريا مصحوبا بتدمير األعراف. كما أظهر الفحص المجهري وجود العديد من األلياف العصبية 

المحاطة بالميلين اوغير المحاطة به فى حالة تحلل وقد أدى االعطاء المتزامن لألحماض الدهنية أوميجا 3 مع البيسفينول أ إلى 

تقليل هذه التغيرات.

الجرذ  آمون  أ علي قرن  ببيسفينول  المستحدثة  التدميرية  اآلثار  تقليل  إلى  اوميجا 3  الدهنية  تناول األحماض  يؤدى  الخالصة: 

الويستار ويوصى بإجراء المزيد من األبحاث لتمتد االستفادة من نتائج هذه الدراسة فى الممارسة االكلينيكية.


