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ABSTRACT

Introduction: Formaldehyde is widely used for industrial purposes and is also present in the nature in the polluted environment
and atmosphere. Its exposure can cause health problems and seriously impact the central nervous system. Omega-3 fatty acids
are well known for their neuroprotective properties.

Aim of the Work: This study was done to simulate occupational exposure to formaldehyde vapor. Also, it is designed to
investigate its histopathological effects on the olfactory bulb of rats and possible protective effects of omega-3 fatty acids
against these effects.

Materials and Methods: Forty adult male albino rats were randomly allocated to four groups: control rats in Group I, rats in
Group II were received orally omega-3 group (400 mg/kg for 4 weeks), rats in Group III were received 10 % formaldehyde
vapor for 6 hours/day, 5 days/week for 4 weeks and rats in group IV were received formaldehyde plus Omega-3. At the end
of the experiment, olfactory bulb sections were obtained and processed for light and transmission electron microscope study.

Results: Formaldehyde treated group showed disorganized layers in the olfactory bulb with vacuolated surrounding neuropil.
Disrupted glomeruli as well as loss of mitral neurons which appeared irregular and shrunken were demonstrated. Their nerve
fibers showed splitting and irregularity of the surrounding myelin sheaths. Astrocytes immunoreaction showed a highly
significant increase compared to the control groups. On the other hand, co-administration of omega-3 fatty acids improved
most histological alterations in all layers of the olfactory bulb.

Conclusion; exposure to Formaldehyde induced cellular damage to the olfactory bulb of rats. Co-administration of omega-3

showed marked protection at the cellular level and restoration of the ideal configuration of the olfactory bulb.
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INTRODUCTION

Formaldehyde (FA) is a substance of the aldehyde
family and is extensively used in the areas of anatomy,
histology and pathology. It is characterized by sharp odour,
irritant, water-soluble and colourless. Moreover, it is
widely used for industrial purposes such as construction
materials, cosmetic products, cigarette smoke, paints and
paper. In the medical field, FA is also used for sterilization
procedures, tissue fixation, cadaver embalming, and
disinfection and sterilization procedures!-?. Anatomists,
histologists, and medical students are frequently exposed
to FA gasP!.

However, FA is also present in the nature in the polluted
environment and atmosphere of cities due to oxidation
of volatile organic compounds, fossil fuel combustion,
photochemical smog, and emission from FA-containing
products. It is also found in automobile exhaust, cigarette
smoke, and cooking fumes. Therefore, anyone in the
community may be in danger by FAM>¢,
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Formaldehyde is highly reactive, acts as an electrophile
and reacts with macromolecules, such as DNA, RNA
and proteins to form irreversible cross-links. Its exposure
negatively affects human health causing upper respiratory
diseases, allergic reactions, cancer, leukemia, and probably
mortality!”. Its toxicity has been shown to seriously impact
the central nervous system (CNS). Also, it was observed
to affect brain oxidant/antioxidant systems and cause
oxidative damage. It can easily pass the blood-brain barrier
due to its small molecular weight, is delivered to different
brain regions via an axonal transport system and affect
both the neurons and the neuroglia’®!.

Occupational exposure to several chemicals as
formaldehyde has been linked to olfactory dysfunction.
Comprehensive epidemiological investigations into the
olfactotoxicity of substances in the workplace indicate
that the human sense of smell could be affected by exposure
to metal compounds involving FA and others as cadmium
and nickel®.
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Smell sensation has a very important role in
interpersonal communication, everyday’s safety, in feeling
the pleasure of eating and drinking, and recognition of
danger. A lot of patients with olfactory disorders showed
signs of depression due to disturbances of many issues of
life enjoyments!'”. Moreover, anosmia can be one of the
early sign of some neurodegenerative diseases as cognitive
impairment, Alzheimer’s disease, Huntington’s disease,
and Parkinson’s disease. Olfactory impairment may lead to
dementia. Thus, olfactory functioning can be a clue of the
integrity of the aging brain!'!).

The olfactory bulb is a part of the forebrain that is
located just above the nasal cavity. It is actually a part of the
limbic system and is related to sense of smell. It consists of
a collection of nerve cells that receives impulses from the
olfactory nerves of the nasal mucosa and continues as the
olfactory tract!'?l.

Several antioxidants have been reported to reduce
the oxidative stress occurring during neurotoxicity.
Polyunsaturated fatty acids (PUFAs) have gained great
attention in recent years for their health-promoting effects
due to their powerful antioxidant activities!'¥. Their
major subclasses are omega-3 and omega-6 fatty acids.
Omega-3 fatty acids are well known for their constituents,
eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA). Dietary consumption of these fatty acids
is recommended as their synthesis is insufficient in the
human body!'4.

The interest of using PUFAs, especially of EPA
and DHA, for preventing cognitive impairment has
been increased. Their neuroprotective abilities include
promoting neuroplasticity of nerve membranes, promoting
synaptogenesis, modulating the signal transduction
pathways in neurons and also reducing inflammatory
reaction’. Furthermore, Modification of cell membrane
fatty acid structure in the brain is possible through dietary
intake!'®, DHA regulates neurogenesis, improves neural
connections and membrane fluidity and prevents neuronal
alterations!'”.

Therefore, this study was designed to simulate
occupational exposure to formaldehyde vapor. It was
done to study the formaldehyde histopathological effects
occurring in the olfactory bulb of rats and possible roles
of omega-3 fatty acids as a protective against these effects
at light and electron microscopic levels. In addition, an
imuunohistochemical technique was performed using
antibodies against glial fibrillary acidic protein (GFAP)
which is an intermediate filament protein found in the
astrocytes and was used as a marker for astrogliosis.

MATERIALS AND METHODS

Experimental animals

Forty male Wistar albino rats 250-300 grams were
housed in clean properly ventilated cages (2-3 rats per
cage) under controlled temperature (23°C) and controlled
light conditions (12 hours light/12 hours dark). Food and

distilled water were allowed ad libitum. The study design
study was agreed upon by Committee of Research Ethics
for Laboratory Animal Care, Taif University (approval no.
42-0095).

Chemicals

The FA solution was obtained from El Nasr
pharmaceutical chemicals Co., Egypt.

Omega-3 fatty acids (Maxepa capsules): each soft
gelatine capsule contains EPA 180 mg and DHA 120 mg
(Procter & Gamble Health Ltd).

Experimental design

The animals were arbitrarily allocated to 4 groups
(n=10):

1. Group I (Control): Rats received sterile-distilled
water by oral gavage.

2. Group II (Omega-3 treated): Rats received 400
mg/kg of omega-3 by oral gavage daily for 4
weeks!!#l.

3. Group III (FA treated): Rats were exposed to
FA vapor by soaking cotton wool in 10% aqueous
FA placed in a wire gauze inside the cages and
changed every hour. The time of exposure was 6
hours/day, for 5 days/week for 4 weeks.

4. Group IV (FA+Omega-3): Rats were exposed
to FA vapour in the same way as group III with
coadministration of omega-3 at the same dose as
in group II.

Histological procedure

After 4 weeks, rats were anaesthetized using ether
inhalation then sacrificed. The skull was opened and both
olfactory bulbs (right & left) were carefully dissected out
immediately and processed for the following studies:

Light microscope study

The right olfactory bulbs were fixed in 10% formalin,
dehydrated and embedded in paraffin wax. Sections
of Sum thickness were prepared to verify the normal
histological and pathological features using Hematoxylin
and eosin (H&E) stain, cresyl violet (CV)!"”. and GFAP
immunohistochemical staining®”. For Cresyl violet was
used to stain the Nissl substances or granules in neurons.
For GFAP staining xylene was used to remove the paraffin
from the sections followed by rehydration using ethanol.
Endogenous peroxidase was blocked by hydrogen peroxide
then the specimens were immersed into 0.01 M citrate
buffer (pH 6) for 10minutes. Sections were incubated for
12hours at 4 °C with the monoclonal mouse antibodies
for GFAP followed by incubation in peroxidase substrate
solution for 6-10minutes. Hematoxylin was applied as a
counterstain. Immunoreactivity for GFAP was detected
as a brown reaction in the cytoplasm and processes of
astrocytes.
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Transmission Electron Microscopic Study

The left olfactory bulbs were cut in small pieces of
1 mm? then fixed in 2.5% glutaraldehyde for 24 hours.
The bulbs were washed in 0.1 M phosphate buffer at 4°c
then 1% osmium tetroxide was used for post-fixation of
specimens. The specimens’ dehydration was achieved by
ascending grades of ethanol. Specimens were embedded
in epoxy resin. Ultrathin sections were done then stained
with lead citrate and uranyl acetate. Specimens were
examined and photographed with (Jeol-Jem 1010 Japan)
transmission electron microscope in Faculty of Science,
Azhar University.

Morphometric Study

The image analyser computer system Leica Qwin 500
(England) was used to examine the mean diameter of the
glomeruli and area percentage of GFAP immunopositive
cells in five non-overlapping fields from two sections per
animal in each group at objective X 400.

Statistical analysis

Using one-way ANOVA with post-hoc test allowed
the comparison of the values between the different groups
using SPSS software (SPSS Inc., Chicago, Illinois, USA).
The results were represented as mean +standard deviation
(£SD). Differences were significant if P value was less
than 0.05.

RESULTS

Histological results
Light microscopic results

For all histological results, there were no apparent
differences in the structure of the olfactory bulb in
both control and Omega-3 groups (I &II). So, the
results including the figures for the control group were
reprehensive for omega-3 group. They were revealed
nearly the same normal histological structure.

H &E stained sections in the control olfactory bulb
revealed similar regular multilayered organization. These
layers included the olfactory nerve, glomerular (Figure 1),
external plexiform, mitral, inner plexiform and granule
cell layers (Figure 2). Glomerular layer showed multiple
oval different size acellular synaptic glomeruli surrounded
with juxtaglomerular neurons exhibiting darkly stained
nuclei and thin rim of basophilic cytoplasm (Figure 1). The
mitral cell layer included triangular or multipolar neurons
arranged in a single row. They were characterized by
their vesicular nuclei and abundant basophilic cytoplasm.
The internal plexiform layer was consisting mainly of
nerve fibers. The granule cells were in clusters and were
scattered in the mitral layer. These cells revealed deeply
stained nuclei and scanty cytoplasm (Figure 2).

However, the FA treated group (III) revealed apparent
decrease in the overall thickness of all layers as compared
to the control group.There are lost glomeruli, and the few

remaining ones are apparently small as compared to those
of the control group. There was disturbance in the olfactory
bulb layers organization wide separations in different
layers. Disturbed glomeruli, cytoplasmic vacuolation of
juxtaglomerular cells, small darkly stained or pyknotic
nuclei and vacuolated neuropil were observed. Mitral
cells appeared irregular, shrunken and surrounded by
wide spaced nearly in all examined sections (Figure 3).
Mitral cell layers with marked loss of their neurons and
also narrow plexiform layers were demonstrated. Other
findings as clumped or aggregated granule cells and blood
vessels with wide perivascular spaces were detected in
some sections (Figure 4).

On the other hand, FA+Omega-3 treated group
(IV) restored the normal layers organization. Olfactory
nerve, glomerular and external plexifrom layers were
clearly identified. Regularly normal arranged glomeruli
surrounded by small juxtaglomerular cells were observed
(Figure 5). A single row of mitral cells with vesicular nuclei
and abundant basophilic cytoplasm were seen in several
sections. Regularly aggregated granular cells in clusters
in granule cell layer and in between mitral cell layer
were observed. Still vacuolated neuropils were noticed
(Figure 6).

In other sections stained with cresyl fast violet; the
mitral cells of the control groups showed pale violet stained
Nissl's granules (Figure 7a). On the other hand, mitral cells
of the FA treated group (III) showed faint cytoplasm or
dispersed Nissl's granules (Figure 7b). While, the mitral
cells of FA+Omega-3 treated group (IV) showed dark
violet stained Nissl’s granules forming cap like around
nuclei (Figure 7c).

Regarding GFAP immunostained sections, control
groups (I &II) showed positive brown staining in the
cytoplasm and processes of astrocytes which appeared few
and small with few short processes (Figure 8a). but, the FA
treated group (III) showed abundant brown staining in the
astrocytes which appeared numerous with multiple thick
processes (Figure 8b). While, FA+Omega-3 treated group
(IV) revealed positive reaction in the astrocytes which
appear large with multiple processes (Figure 8c).

Transmission electron microscopic results

The ultrastructural study of the olfactory bulb from
the control groups (I &II) showed that mitral nerve cells
appeared with central euchromatic nuclei with prominent
nucleolus and well-defined cytoplasm rich in rough
endoplasmic reticulum with polysomes and mitochondria
(Figure 9a). The astrocytes were characterised by its
rounded euchromatic well demarcated nucleus and electron
lucent cytoplasm were observed. The surrounding neuropil
containing axons with regular myelin sheaths were also
seen (Figure 9b).

However, the olfactory bulb from the FA treated group
(II) showed marked affected mitral nerve cells. They
showed small nuclei with marked peripheral condensed
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heterochromatins. Several axons revealed marked
irregularities and separated myelin sheaths (Figure 10a).
In some section, astrocytes has signs of hyperactivity as
rounded euchromatic nuclei and wide irregular electron
lucent cytoplasm with extensively distributed  glial
filaments (Figure 10b). In other sections, glial cells showed
sign of degeneration as marked irregular nuclei with
condensed heterochromatins (Figure 10c). The neuropils
revealed variable electron lucent dendrites and axons with
different degree of myelination, marked irregularities and
also separated myelin sheath (Figures 10c,d).

On the other hand, several mitral nerve cells of
FA+Omega-3 treated group (IV) showed euchromatic
nuclei and abundant cytoplasm with rough endoplasmic

reticulum and polysomes. While, other neuron showed
irregular shaped nuclei with clumps of heterochromatins
and cytoplasm with scattered polysomes were observed
in some examined sections (Figures 11a,b). An astrocyte
appeared with euchromatic demarcated nuclei and scanty
electron lucent cytoplasm (Figure 11b). The surrounding
neuropils showed several axon with regular myelin sheath,
others with irregular sheaths and vacuolations (Figure 11c).

Morphometric results and analysis

FA+Omega-3 treated group (IV) revealed a significant
increase (p < 0.05) in the diameter of olfactory glomeruli
and a significant decrease (p < 0.05) in the area percent
of GFAP immunopositive astrocytes as compared with FA
treated group (III) (Table 1).

Fig. 1: A photomicrograph of a section in the olfactory bulb from the
control groups (I &II) showing olfactory nerve layer (ONL), glomerular
layer containing glomeruli (G) surrounded by juxtaglomerular neurons
(arrow).

Fig. 2: A photomicrograph of a section in the olfactory bulb from the
control groups (I &II) showing a part from external plexiform layer
(EPL) and mitral cell layer. Pyramidal shaped nerve cells with vesicular
nuclei and abundant cytoplasm (arrowhead) are seen in single row in
mitral layer. Also inner plexiform (IPL) and granule cell layers (GCL)
can be observed. The granule cells are arranged in clusters and also are
scattered in the mitral cell layer (circle). These cells reveal deeply stained
rounded nuclei and scanty cytoplasm (arrow).

Fig. 3: A photomicrograph of a section in the olfactory bulb from the
FA treated group (III) showing disturbance in its layers organization.
Wide separations (S) in all layers, disturbed glomeruli (G), cytoplasmic
vacuolation of juxtaglomerular cells (arrow head), small darkly stained
nuclei (arrow) and vacuolated neuropil (V) are observed. Mitral cells
appear irregular, shrunken and surrounded by wide spaced (white arrow).

Fig. 4: A photomicrograph of a section in the olfactory bulb from the
FA treated group (III) showing mitral cell layer (M) with marked loss
of its neurons. Narrow plexiform layer (IPL) and clumped or aggregated
granule cells (circle) are noticed. Blood vessels with wide perivascular
spaces (BV) can be seen.
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Fig. 5: A photomicrograph of a section in the olfactory bulb from the Fig. 6: A photomicrograph of a section in the olfactory bulb from the
FA+Omega-3 treated group (IV) restores the normal layers organization. FA+Omega-3 treated group (IV) showing one row of mitral nerve cells.
Olfactory nerve (ONL), glomerular (G) and external plexifrom (EPL) These neurons with vesicular nuclei and basophilic cytoplasm (arrow) are
layers can be observed. Regularly normal arranged glomeruli (G) observed. Regularly aggregated granular cells in clusters in granule cell
surrounded by small juxtaglomerular cells (arrow) are observed. layer (GCL) and are scattered in between mitral cell layer (circle). Still

vacuolated neuropil (V) is noticed.

Fig. 7: Photomicrographs of sections in the olfactory bulb from different groups showing Nissl’s granules (arrow) in the perikarya of mitral cells. a) Control
groups (I & II) show pale violet stained Nissl’s granules. b) FA treated group (III) shows dispersed or little Nissl’s granules (faint or un-stained cytoplasm). ¢)
FA+ Omega-3 treated group (IV) shows dark violet stained Nissl’s granules forming cap like around nuclei.
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Fig. 8: Photomicrographs of sections in the olfactory bulb from different groups showing GFAP positive astrocytes (arrow) in all layers. a) Control groups (I &
II) show positive brown staining in the cytoplasm and processes of astrocytes which appear few and small with few short processes. b) FA treated group (I1I)
shows abundant brown staining in the cytoplasm and processes of astrocytes which appear numerous with multiple thick processes. ¢) FA+Omega-3 treated
group (IV) shows brown staining in the cytoplasm and processes of astrocytes which appear large with multiple processes.
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Fig. 9: Electron micrographs of the olfactory bulb from control groups (I &II) showing: a) A mitral nerve cell with euchromatic nucleus (N) and abundant
cytoplasm containing rough endoplasmic reticulum with polysomes (R) and mitochondria (arrow). b) An astrocyte with euchromatic nucleus (N) and electron
lucent cytoplasm (¥*) is observed. The surrounding neuropil with numerous regular myelinated axons (arrow) is seen.
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Fig. 10: Electron micrographs of the olfactory bulb from FA treated group (III) showing: a) A mitral cell shows small nucleus with marked peripheral
condensed heterochromatin (N). Several axons show marked irregular and separated myelin sheaths (arrow). b) An astrocyte having a rounded euchromatic
nucleus (N) and wide irregular electron lucent cytoplasm (L). Extensively distributed glial filaments are noticed (star). c¢) A glial cell with marked irregular
nucleus and condensed heterochromatins (N). Variable electron lucent dendrites (star) can be noticed. d) The neuropil shows axons with different degree of
myelination, marked irregularities and also separated (arrow)
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Fig. 11: Electron micrographs of the olfactory bulb from FA+Omega-3treated group (IV) showing: a) A mitral nerve cell with euchromatic nucleus (N) and
abundant cytoplasm with rough endoplasmic reticulum with polysomes (R). Another neuron shows irregular shaped nucleus with clumps of heterochromatins
(N1) and cytoplasm with scattered polysomes (star). b) An astrocyte with euchromatic demarcated nucleus (N) and scanty electron lucent cytoplasm is seen. A
part of neuronal cytoplasm show rough endoplasmic reticulum with polysomes (R) and mitochondria (arrow). ¢) The neuropil shows several axon with regular
myelin sheath (arrow), others with irregular sheaths (arrow head) and vacuolations (V)

Table 1: Mean value of glomerular diameter and area percentage of GFAP immunoexpression in the astrocytes in the different studied groups

Parameter Control Omega-3 FA treated FA+Omega-3 treated
Mean diameter of glomeruli (um) 75.7+15.3 76.1 £13.1 55.7£10.2%° 64.3 £14.5%0¢
Mean area percent of GFAP immunoreaction 5.74+0.34 5.69+0.31 11.03 + 0.54*° 6.16 + 0.38%b<

Data are expressed as mean = SD. p > 0.05: no significant difference, p < 0.05: significant difference. a= significantly different from control group, b=
significantly different from Omega-3 group, c= significantly different from FA group.
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DISCUSSION

Formaldehyde is a common pollutant and widely used in
our society. It is emitted in domestic air and our atmosphere
from combustion products and automobile exhaust as
well as cooking fumes. These made great attention to its
exposure and health hazards®?!). The Omega-3 fatty acid
is well known as a neuroprotective agent that can deal
with many neurodegenerative disorders and has powerful
antioxidant propertiest'*.

Much research has been carried out to evaluate the
hazards of formaldehyde during systemic and respiratory
exposures in rats. This study compiles that literature and
proves its neurotoxic hazards on neuronal structural,
behavioral and biochemical parameters. In line with
these previous studies®?!, our study showed disturbed
architecture, decreased glomerular size, signs of neuronal
degeneration as apoptotic nuclei and cytoplasmic
vacuolations in various cell layers of the olfactory bulb.

The appearance of vacuolations could be explained as
shrinkage of neurons and destructions of their cytoplasmic
processes due to the disintegration of the cytoskeletal
elements of these cells?*. Gurel et al.*! attributed these
cytotoxic effects to the increased reactive oxygen species
(ROS) and the inhibited antioxidant defense mechanism
caused by formaldehyde exposure. Zarasiz et al.*%
emphasized the FA induced oxidative stress by marked
elevation of malondialdehyde (MDA) and reduced
superoxide dismutase (SOD) and glutathione (GSH) levels
in the brain tissue.

Formaldehyde is considered as a substrate for
cytochrome P-450 monooxygenase. This enzyme could
be oxidized in the rough endoplasmic reticulum (RER)
by peroxidase, aldehyde oxidase, and xanthine oxidase.
Activation of these enzymes induces increased ROS
formation, which leads to damage to cellular constituents
such as membrane lipids, proteins and nucleic acids. In
addition, the nervous tissues is characterized by the high
content of unsaturated fatty acids in cell membranes. They
can be readily attacked by ROS with the resultant lipid
peroxidation which in turn can affect membrane fluidity
and cellular structure causing cell lysis. Therefore, the
cytoplasmic vacuolation was caused by lipid peroxidation
which damaged the cell membrane as well as other cellular
organelles™!.

The present study revealed increased area percentage
of GFAP immunopositive astrocytes and the TEM showed
variable degenerative changes as shrunken indented nuclei,
dilated RER and vacuolated cytoplasm.

Astrocytes become activated in response to many
CNS injuries. The process of astrocyte activation results
in so-called ‘reactive gliosis or astrogliosis’, a reaction
with specific structural and functional characteristics. The
predominant process is the vigorous reaction of astrocytes,

andthe signs are increased number of glial cells, hypertrophy
of astrocytes and accumulation of cytoplasmic GFAPE.,
These results were confirmed in our findings by increased
area percentage of GFAP immunopositive astrocytes.

Astrocyte forms a major glial cell and play important
physiological roles in brain functions. Astrocyte—neuron
cross-talk through the neurotrophic factors is a primary
event in the maintenance of CNS homeostasis and
neuronal survival. Although activated astrocytes secrete
neurotrophic factors for neuronal survival, it is believed
that rapid and severe activation initiates an inflammatory
response, leading to neuronal death®l. Furthermore,
Astrocytes were able to oxidize FA to formate that
disrupts their glucose metabolism resulting in lactate
accumulation'®). The increased formate and lactate levels
lead to metabolic acidosis and result in neuronal death?®®.

In the current study, marked nerve fibers irregularities
and alternation of the concentric patterns of their myelin
sheaths were observed in formaldehyde treated group.
These findings coincided with previous studies that showed
different forms of axonal degeneration. This degeneration
can be explained by decreased activity of electrogenic
transmembrane ATPase and subsequent ion imbalance
which caused various forms of axonal damagel®!. Also,
formaldehyde induces alterations of basic myelin protein.
The myelin membrane is suspected to be damaged by
toxic substances exposure that can cause myelin sheath
alterations®?. The integrity of the myelin sheath depends on
the interactions between glial cells and neuronal axons*.

On the other hand, in our study, rats concomitantly
treated with both omega 3 and formaldehyde revealed
some or mild histological changes. This finding indicated
that omega-3 ameliorated the changes induced by
formaldehyde and restorated the ideal olfactory bulb
configuration. These results were in agreement with other
researchers, they revealed that omega-3 has ameliorating
effects in a rat model exposed to bisphenol AB4.

As regards immunohistochemical results, the
same group showed significantly decreased GFAP
immunopositive astrocytes as compared with formaldehyde
treated group. In a study by Begum et al.** it was shown
that DHA inhibited Ca2+dysregulation and RER stress
and exerted potential protective effects on Ca2+ signaling
in astrocyte especially under conditions of oxygen/
glucose deprivation and re-oxygenation. Other studies
reported that the reactive astrocytes had a protective role
against oxidative stress via glutathione production and
by restricting the spread of inflammation. These reactive
astrocytes could be attributed to the axonal growth due to
the regeneration process of olfactory sensory neurons and
synaptic rearrangement as in models of brain ischemia.
However, under certain circumstances, astrogliosis can
also lead to harmful effects through scar formation and loss
of normal functions*37.,

Omega-3 fatty acids supplementation attenuated the
injurious alterations induced by initial and mechanical brain
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damage as well as the secondary intracellular metabolic
injuries and the associated inflammation®®l. Omega-3 fatty
acids have been shown to have anti-inflammatory effects by
inhibiting the NF-kB pathway and producing pro-resolving
mediators which readily suppress the inflammation®"’.
Also, Omega-3 effectively reduced the elevated MDA
levels and increased antioxidant activities on cadmium-
induced neurotoxicity in rats’ brains*’. PUFAs are shown
to exhibit a modest capacity to minimize oxidation and
improve the oxidative stability of lipids in the experimental
animal model™". In previous studies, Omega-3 fatty acid
caused reduced nitric oxide and xanthine oxidase levels
and increased SOD activities in the corpus striatum and
hippocampus tissues***1. Moreover, Omega-3 has an
effective potential to promote synaptic plasticity, regulate
neurotransmitters and display neuroprotective effects due
to their ability to modulate the membrane proteins structure
and membrane fluidity*. In addition, Omega-3 can up-
regulate the neurotrophins levels and their expressions and
its receptors!®],

Furthermore, a member of Omega-3 fatty acids
(EPA) possesses strong anti-inflammatory effects by
phospholipases inhibition, deactivation of cyclooxygenases
and lipoxygenases, pro-inflammatory cytokine synthesis
suppression and prevention of transcription factor
synthesis®!. Also, EPA ameliorated the apoptosis induced
by aging in brain tissue by counteracting the increased p38
activation, cytochrome-c translocation and caspase-317.,

CONCLUSION

Therefore, it can be concluded that formaldehyde
inhalation well predisposed to certain neural cellular
damage to the olfactory bulb of adult rats. These
changes might be partially minimized by concomitant
administration of omega-3. Although complete prevention
is impossible for high risk groups as anatomists, histologists
and medical students and members of industries utilizing
formaldehyde, certain precautions can be taken to decrease
and or prevent its toxic effects. Thus, regular intake of
Omega-3 is recommended to these high-risk groups as a
powerful antioxidant and neuroprotective natural product.
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