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ABSTRACT

Introduction: Formaldehyde (FA) exposure is a widely growing worldwide problem. It is not only confined to outdoor
occupational exposure but extends indoors owing to the domestic use of multiple FA containing materials. Many FA
induced neurological adverse effects have been reported. The cerebellum, being a part of the nervous system responsible for
coordination, fine movements and motor learning, thus its affection may cause hazardous effects.

Aim of work: to study the effect of FA exposure on the cerebellar cortical tissue and the possible reversibility of these effects
upon withdrawal.

Materials and methods: thirty adult male albino rats, aging 4-6 months and weighing 200 - 250 gms, were used in this
study. Animals were divided equally into three groups; Group I: control group. Group II: subjected to 10 % FA inhalation for
8 hours/day, 6 days/week for four weeks. Group I1I: subjected to FA inhalation for the same duration as group II then left for
another four weeks without exposure. At the end of the experiment for each group, specimens were collected and processed
for light and electron microscopic examination and morphometric studies.

Results: Examination of sections of group II revealed significant decrease in thickness of both molecular and granular
layers. Purkinje layer showed multiple focal areas of loss, dark irregular cells with highly significant decrease in diameter
and marked ultrastructural abnormalities. However, group III showed insignificant increase in thickness of molecular and
granular layers. Purkinje layer exhibited irregular alignment of cells, areas of focal loss and others with multi-layering.
Purkinje neurons varied widely in shape, size and ultrastructural findings with insignificant increase in their mean diameter.
Increased neuroglial cells was also noted in groups II and I11.

Conclusion: Formaldehyde inhalation might cause irreversible insult to the cerebellar cortex, thus avoidance or limitation
of exposure is highly recommended.
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INTRODUCTION Some researchers reported that longtime contact with FA

Formaldehyde (FA) is a widely spread chemical
compound that is vastly used nowadays in both outdoor
as well as indoor environments. In industry, it is widely
used in plastics, insulators, dyes, textiles, rubbers, cables
and wood industries. In medicine; it is found among dental
coating materials, drug preservatives, hospital sterilization
chemicals in addition to its popular use in fixation of
cadavers and tissues. Astonishingly, FA is also present in
deodorants, toothpaste, ink, paper and cosmetic products!!.

Therefore, FA exposure is not confined to a specific
category of people as might be thought, but on the contrary,
everyone might be highly exposed to it. Effects of FA
exposure vary from mere irritation up to carcinogenesis.
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may cause irritation of the eye and upper respiratory tract 1.
On the other hand, The International Agency for Research
on Cancer has classified FA as a human carcinogen, which
causes certain cancers such as nasopharyngeal cancer™
and leukemial®. This could be attributed to the fact that
it rapidly reacts with DNA and RNA proteins leading to
detrimental effects on human health®!.

However, previous studies have reported its
neurological adverse effects. Among these effects were;
headache, dizziness, sleep disorders, memory loss®
together with evident decline in locomotor activity and
obvious neurotoxic effects!”. Since the cerebellum plays a
key role in coordination, fine movements as well as motor
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learning, its damage may lead to impairment of balance,
fine movement, posture!® as well as cognitive function®’.
However, some studies were concerned about the harmful
effects of FA on cerebellar cortex and tried to find effective
protective compounds including selenium!'” in an attempt
to reduce these harmful FA induced effects.

On the other hand, regarding the effect of duration of
FA exposure, some studies reported that, exposure to FA
can cause irreversible neurotoxicity up to brain cancer on
the long run!'l.

However, whether possible FA induced cerebellar
damage are reversible or not has not been yet established.
Therefore, the aim of the present work was to study the
effect of FA inhalation on the cerebellar cortex of adult
male albino rats and the possible reversibility of these
effects upon FA withdrawal.

MATERIALS AND METHODS

Animals:

Thirty adult male albino rats, aging 4 - 6 months and
weighing 200 - 250 gms, were obtained from the Animal
House of the Bilharzial Research Unit, Ain Shams
University. Animals were housed in conventional wire-
mesh cages, 72cm x 36cm x 44cm in dimensions, in a
regulated room temperature about 21 +£10°C, humidity 45-
50%, and light/dark cycles. Rats were fed on standard rat
diet and allowed free access to water. They were allowed
to acclimatize to experimental conditions by housing them
for 10 days prior to the experiment. All animal procedures
conform the requirements of our institutional Animal
Research and Ethics Committee.

Drugs: Formaldehyde 10% concentration solution
was brought from El NASR pharmaceutical chemicals
Company, Egypt.

Experimental protocol:

Animals were equally divided into three groups as
follows:

Group I (Control Group): It was composed of 10
adult male albino rats. They were not subjected to any
treatment.

Group II (Exposure Group): It included 10 adult male
rats subjected to formaldehyde inhalation released from a
cotton piece placed in a small glass box inside the cages
and soaked with 10% FA solution. . The cotton piece was
replaced every one hour to keep a constant concentration.
These animals were subjected to formaldehyde inhalation
8 hours/day'!l. This was done for 6 days/week for four
weeks.

Group III (Recovery Group): It included 10 adult
male rats subjected to FA inhalation in the same way as
group II. After this period of exposure, rats were left for
another four weeks without FA exposure in an attempt for
recovery.

At the end of the experiment, all rats were anaesthetized
using ether inhalation. The cerebella were dissected out.
Specimens of right cerebellum were processed for both
paraffin, semithin and ultrathin sections to be examined by
the light and electron microscopes.

For light microscopic studies, mid sagittal sections
of the cerebella were cut and specimens with 5x5 mm
thickness were immersed in 10% FA in distilled water
for one week. After fixation, tissues were dehydrated in
ascending grades of ethanol, cleared in xylol and embedded
in paraffin blocks. Sections of 5 um in thickness were
cut and stained with Haematoxylin and Eosin (Hx. and E.)
Stain 2. The sections were examined with an Olympus
light microscope and photographed.

For electron microscopic studies, specimens were
immediately cut into cubes (Imm in diameter) and fixed
overnight in 2.5% phosphate-buffered glutaraldehyde
(pH 7.3) at 4°C. Specimens were then postfixed in 1%
buffered osmium tetroxide for 1-2 hrs, dehydrated in
ascending grades of ethyl alcohol, cleared in propylene
oxide, and finally embedded in fresh Epon blocks. Semithin
sections 1 pum in thickness were cut with glass knives
on LKB ultramicrotome and stained with 1% toluidine
blue with pH 7.3[83]. Sections were then examined by an
Olympus light microscope to choose the selected areas.
Ultrathin sections, 50-80 nm, were cut from selected areas
of the blocks on a Reichert ultramicrotome, placed on
copper grids and contrasted with uranyl acetate and lead
citrate[3]. These sections were prepared and examined
in the transmission electron microscope unit, Faculty of
Science Ain Shams University.

Morphometric analysis was carried out on routine Hx.
and E. stained slides using image analyzer Leica Q win V.3
program installed on acomputer in the Histology Department,
Faculty of Medicine, Ain Shams University. The computer
was connected to a Leica DM2500 microscope (Wetzlar,
Germany). Five specimens from five different rats of each
group were examined. For each specimen, four different
captured non-overlapping high-power fields (%20) were
taken to measure the thickness of both molecular and granular
layers together with the diameter of Purkinje neurons. Data
analysis was performed using MedCalc® Version 11.1.1.0
for Windows (MedCalc Software, Belgium) and Microsoft
Office Excel 2010 (Microsoft, USA) where Analyses Of
Variance (ANOVA test), mean, standard deviation (SD) and
T-test were done. T test result was considered to be highly
significant when P < 0.001, significant when P < 0.05 and
insignificant when P > 0.05.

RESULTS
(A) Histological Results:

Group I (Control Group):

Histological examination of cerebellar sections of the
control group stained with Hx. and E revealed that the
cerebellar cortex was composed of three distinct layers
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namely; molecular, Purkinje and granular cell layers (Fig.
1). The outer molecular layer contained superficial stellate
cells and inner basket cells. Purkinje cells were aligned
in one row, typically piriform in shape with arborizing
dendrites arising from their apices and their cytoplasm
studded with Nissel’s granules and having central open face
nuclei. The granular layer was composed of more densely
packed granule cells with deeply stained nuclei and Golgi
type II cells, these cells were separated by acellular arcas
(cerebellar islands) (Fig. 2).

Semithin sections showed piriform Purkinje neurons
with arborizing dendrites, vesicular nuclei and prominent
nucleoli. They were aligned along the outer margin of the
granular cell layer (Fig. 3).

Ultrathin sections further clarified the detailed structure
of the Purkinje neurons which appeared almost pear shaped
with a smooth contour surrounded by tight and full neuropil
(Fig. 4). The cytoplasm was clear and rich in mitochondria,
Golgi apparatus, rough endoplasmic reticulum (rER)
and free ribosomes (Fig. 5). A likewise homogenous
nucleoplasm bounded by a regular nuclear membrane with
almost no indentations (Fig. 4) and a dense, prominent
nucleolus was observed (Figs. 4 and 5). Granule cells
showed their characteristic rounded heterochromatic nuclei
surrounded by a shell of cytoplasm containing strands
of rER, free ribosomes and mitochondria. Intervening
neuroglial cells and myelinated nerve fibers containing
mitochondria were also observed (Fig. 6).

Group Il (Exposure Group):

Histological examination of the cerebellar cortical tissue
of rats exposed to FA inhalation revealed the appearance of
pyknotic nuclei in the molecular layer (Fig.7). Purkinje cell
layer revealed severely affected focal areas with almost
complete absence of neurons (Figs 7 and 8). Some cells
were shrunken irregular with no visible Nissel’s granules in
their cytoplasm (Fig. 9) and appeared surrounded by empty
neuropil (Figs.7 and 9). Neuropils enclosing pyknotic
nuclei were also seen  (Fig. 9). Granular layer showed
many areas of apparent focal decrease in thickness (Fig.
8). Clumping of its cells was also regularly encountered
(Figs. 7 and 9). Moreover, some Purkinje neurons were
sometimes seen encroaching on the granular layer or even
found deeper in the vicinity of its cells (Fig. 8).

Semithin sections revealed marked irregularity in
the shape and variability in the size of Purkinje neurons.
However, the cytoplasm of the majority of them was
deeply stained with hardly identified nuclei or nucleoli.
Glial cells were also observed in the vicinity of those
degenerated neurons. Clumping of granular cells was seen
in some areas (Fig. 10).

Ultrathin sections revealed numerous Purkinje neurons
with shrunken, crenated cell membrane from which
filiform appendages originate (Fig. 11). Cytoplasm was
obviously darkened containing mitochondria with ruptured
cristae and markedly dilated, irregularly arranged cisterns

of rER with scanty ribosomal granules (Figs. 11 and 12)
together with some vacuolar spaces (Fig. 12). Nucleus
appeared markedly irregular with crenated nucleolemma
and disturbance in chromatin distribution (Fig. 11).
These obviously dystrophic Purkinje neurons were also
surrounded by loose vacuolar semi confluent interstitial
spaces representing significant loss of the texture of the
neuropil (Figs. 11 and 12). Moreover, many granule cells
with pyknotic nuclei were seen among others with almost
normal ones whose nuclei were surrounded by a shell of
cytoplasm with scanty organelles. Adjacent heterogeneous
neuroglial cells were frequently observed (Fig. 13).

Group III (Recovery Group):

Histological examination of the cerebellar cortical tissue
of rats exposed to FA for four weeks and left to recover
for another four weeks revealed that the molecular layer
still exhibited few pyknotic nuclei (Fig. 14). Purkinje layer
showed areas of irregularly alignment and multilayering of
Purkinje neurons together. Few neighboring ones showed
focal loss (Fig. 15) which were however relatively narrower
and less frequently observed compared to the exposure
group. Many Purkinje cells appeared irregular in shape
and surrounded by empty neuropil (Figs. 14, 15 and 16).
Few appeared rarified with almost complete degeneration
(Fig. 16). However, scattered rounded to almost piriform
shaped Purkinje cells some of which with open face nuclei
and others with visible dendrites were also observed.
Reduction in Nissel’s granules was observed in cytoplasm
of Purkinje cells. As for granular layer neurons, most of
them appeared scattered and others appeared retaining
their clumped arrangement (Fig. 16).

Semithin sections revealed Purkinje neurons with
variable sizes, shapes and degrees of degeneration.
Persistence of many irregular deeply stained Purkinje with
hardly identified nuclei was detected. Shrunken ones with
irregular nuclei and very pale stained cytoplasm surrounded
by a vacuolated halo were also encountered. Glial cells
were seen near the degenerated Purkinje neurons (Fig. 17).

Ultrathin sections further clarified the variability in
the Purkinje neuronal shape and size. Some of which
appeared with almost regular contour containing
heterochromatic nuclei with regular nucleolemma but
with no visible nucleoli (Fig. 18). It was surrounded by
pale stained cytoplasm (Fig. 18) with rER, ribosomes
and mitochondria (Figs. 18 and 19) with ill-defined
outline (Fig. 19). Others appeared with almost autolyzed
pyknotic nuclei (Fig. 20) surrounded by a more electron
dense cytoplasm studded with dark rounded lysosomes
(Figs. 20 and 21), some mitochondria and rER (Fig. 21).
Areas of vacuolation were observed surrounding many
Purkinje neurons and dispersed in the interstitial space
(Figs. 18, 19 and 20). Granule cells appeared with their
characteristic heterochromatic nuclei but the surrounding
shell of cytoplasm showed many vacuolar spaces and some
mitochondria with ruptured cristaei®?. Some intervening
neuroglial cells were also encountered (Fig. 20).
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(B) Morphometric Results:

Using morphometric studies, in the control group, the
mean thickness of molecular layer, that of the granular
layer and the mean diameter of Purkinje neurons were
measured and their values were mentioned in tables 1, 2
and 3 respectively.

In group II, both molecular layer (Table 1) and granular
one (Table 2) showed highly significant decrease in
thickness. Mean Purkinje neuronal diameter also showed
a highly significant reduction (Table 3).

In group III, the molecular layer thickness showed
non-significant increase compared to the exposure group,
and gtill retaining a significant decrease compared to the
control group (Table 1). Granular layer thickness showed
a non-significant increase compared to the exposure group
and a highly significant decrease than the control group
level (Table 2). Similarly, Purkinje neuronal diameter
increased yet this increase was insignificant compared to
the exposure group and still highly significantly decreased
when compared to the control group (Table 3).

Comparisons among the morphometric results of the
three groups were further illustrated in the hereunder
histograms (histograms 1, 2 and 3).

Table 1: comparing the thickness of Molecular Layer in Hx.
andE. stained sections among the three groups showing P value
either; non-significant (®), significant (*) or highly significant

Group I Group II Group III
(Exposure  (Recovery
(Control Group) Group) Group)
Thickness of
MO;Z:‘alrllaiSLSyer 184.06+0.73 181.8442.3 182.742.16
(in pm)
Between Group P=0.0002
TandII P<0.001**
Z Between Group P=0.2
= IlandIII P>0.05°
Between Group P=0.01
TandIII P<0.05*
Chart Title

Histogram 1: Demonstrating the morphometric comparison between the
three groups as regards; molecular layer thickness.

Table 2: comparing the thickness of Granular Layer in Hx. andE.
stained sections among the three groups

Group II Group III
e rft}rmlu(r.:rs ) (Exposure  (Recovery
ontrot oroup Group) Group)
TThickness of
granular Layer 13344407 130.442.66 131.56=1.98
Mean £SD
(in um)
Between Group P= 1.85E-05
TandIT P <0.001**
7 Between Group P=0.12
[ andIII P>0.05%
Between Group P=1.00032
TandIII P <0.001**
Mean

Histogram 2: demonstrating the morphometric comparison between the
three groups as regards; Granular layer thickness.

Table 3: comparing the diameter of Purkinje neuron in Hx. andE.
stained sections among the three groups.

Group 1 Group I~ Group 111
(Control Group) (Exposure (Recovery
Group) Group)

Diameter of Purkinje neuron

Mean +SD 18.76 £0.72  13.65 +1.89 15.89 +£3.99
(in pm)
Between Group P=1.046 E-13
TandIT P<0.001%*
@
2 Between Group P=0.105
- HandIII P>0.05°
Between Group P=0.00048
TandIIl P<0.001%*
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Chart Title

1 2 3

Histogram 3: demonstrating the morphometric comparison between the

three groups as regards; Purkinje neuron diameter.

Fig. 1: A photomicrograph of a section of the cerebellar cortex of group
I albino rat showing the cerebellar cortical layers; the molecular (ML),
Purkinje (PL) and granular (GC) cell layers. (Hx. and E., x400)

Fig. 2: A photomicrograph of a section of the cerebellar cortex of group I
albino rat showing rounded to oval nuclei (A) in the molecular layer and
more densely packed deeply stained nuclei (A) with cerebellar islands
(*) in the granular layer. Note the interposed Purkinje layer with piriform
Purkinje cells (P) having arborizing dendrite (11) and central open face
nucleus (n) and Nissel’s granules (). (Hx. and E., x1000)

Fig. 3: A photomicrograph of a section of the cerebellar cortex of group
I albino rat showing piriform Purkinje neurons aligned along the outer
margin of the granular cell layer. Notice their vesicular nuclei (n),
prominent nucleoli (A) and the arborizing dendrites (1) (Toluidine blue,
x1000)

z.70a

Fig. 4: A photomicrograph of a section of the cerebellar cortex of group
I albino rat showing Purkinje neuron with smooth contour surrounded
by tight and full neuropil. It has euchromatic nucleus (n) with prominent
nucleolus (A). Notice the regular nuclear membrane (7). (TEM x1500)

Fig. 5: A photomicrograph of a section of the cerebellar cortex of group
1 albino rat showing Purkinje neuron with clear cytoplasm, containing
mitochondria (M), Golgi apparatus (G), rER (rER) and free ribosomes
(1)- Notice also part of its nucleus (n). (TEM x7500)
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Fig. 6: A photomicrograph of a section of the cerebellar cortex of group
I albino rat showing granule cells with rounded heterochromatic nuclei
(n) and a surrounding shell of cytoplasm containing strands of rER (rER),
free ribosomes (1), and mitochondria (M). Notice the neuroglial cells
(Ng) and the myelinated nerve fibers (A) containing mitochondria (M).
(TEM x2000)

Fig. 7: A photomicrograph of a section of the cerebellar cortex of group II
albino rat showing molecular layer containing pyknotic nuclei (A). Focal
area of loss of neurons («—FL—) is obvious in Purkinje cell layer. Most of
the Purkinje cells are irregular, shrunken with empty neuropils (7). Notice
the clumped granule cells in the granular layer (A). (Hx. and E., x400)

Fig. 8: A photomicrograph of a section of the cerebellar cortex of group
1I albino rat showing apparent decrease in thickness of the granular layer
(11)- Notice the Purkinje neuron encroaching on the granular layer (1) and
another one deeply situated in the same layer (11). Note also the areas of
focal loss in the Purkinje cell layer («~FL—). (Hx. and E., x400)

Fig. 9: A photomicrograph of a section of the cerebellar cortex of group
II albino rat showing Purkinje neuron with empty neuropil (11) with no
Nissel’s granules seen in their cytoplasm and adjacent neuropil enclosing
pyknotic nucleus (7). Notice the clumped granular cells (A). (Hx. and
E., x1000)

Fig. 10: A photomicrograph of a section of the cerebellar cortex of group
1I albino rat showing deeply stained irregular Purkinje neurons (P) with
invisible nucleoli. No Nissel’s granules are seen. Notice the glial cells
(1) in the vicinity of the Purkinje neurons. Clumping of cells (A) in the
granular layer is obvious. (Toluidine blue, x1000)

Fig. 11: A photomicrograph of a section of the cerebellar cortex of group
1 albino rat showing Purkinje neuron with crenated cell membrane having
filiform appendages (A), dark cytoplasm with dilated cisterns of rER
(rER) and mitochondria with ruptured cristae (M). Notice the irregular
nucleus with disturbance in chromatin distribution (n) and crenated
nucleolemma (7). Note also the surrounding loose vacuolar spaces (A).
(TEM x2000)
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Fig. 12: A photomicrograph of a section of the cerebellar cortex of group
II albino rat showing Purkinje neuron with dark cytoplasm containing
vacuolar spaces (*), mitochondria with ruptured cristae (M) and dilated
irregularly arranged cisterns of rER (rER) with sparse ribosomal granules.
Notice the surrounding loose vacuolar spaces (A). (TEM x7500)

Fig. 13: A photomicrograph of a section of the cerebellar cortex of group II
albino rat showing granule cells with pyknotic nuclei (n’) are seen among
others with almost normal ones (n). Notice the surrounding cytoplasmic
shell with scanty organelles. Note also the adjacent heterogeneous
neuroglial cells (Ng) and the interstitial vacuolar spaces (*). (TEM x2000)

Fig. 15: A photomicrograph of a section of the cerebellar cortex of group
111 albino rat showing irregular alignment, multi layering ({) and an area
of focal loss («—FL—) of neurons in the Purkinje cell layer. Notice the
irregularly shaped neurons with empty neuropils (A ). (Hx. and E., x400)

Fig. 16: A photomicrograph of a section of the cerebellar cortex of group
1II albino rat showing piriform and rounded Purkinje neurons with open
face nuclei (P), adjacent to irregular neurons (A ). Others are completely
rarified (A). Notice their empty neuropils (*). Note also the clumped
appearance (1) of some granule cells (. (Hx. and E., x1000)

Fig. 14: A photomicrograph of a section of the cerebellar cortex of
group III albino rat showing pyknotic nuclei in the molecular layer (A).
Trregular shaped Purkinje neurons surrounded by empty neuropil (A) are
seen. Notice the piriform shaped Purkinje (P) and the visible dendrite (1).
(Hx. and E., x400)

Fig. 17: A photomicrograph of a section of the cerebellar cortex of group
III albino rat showing irregular deeply stained Purkinje neurons (A ) with
hardly identified nuclei and a pale stained shrunken one with irregular
nucleus (A). Notice the empty neuropils (*) of the Purkinje neurons and
the nearby glial cells (1). (Toluidine blue, x1000)
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Fig. 18: A photomicrograph of a section of the cerebellar cortex of
group III albino rat showing Purkinje neuron with almost regular contour
containing heterochromatic nucleus (n) with regular nucleolemma (1) but
with no visible nucleoli surrounded by pale stained cytoplasm with visible
rER (rER) and mitochondria (M). Notice the dispersed vacuolar spaces
(A). (TEM x2000)

Fig. 19: A photomicrograph of a section of the cerebellar cortex of
group III albino rat showing Purkinje neuronal cytoplasm with visible
rER (rER), ribosomes (1) and mitochondria with ill-defined outline (M).
Notice the vacuolar spaces (A). (TEM x7500).

Fig. 20: A photomicrograph of a section of the cerebellar cortex of
group III albino rat showing Purkinje neuron with a more electron dense
cytoplasm, studded with dark rounded lysosomes (1), few mitochondria
(M), tER (rER), and an almost autolyzed pyknotic nucleus (n). Notice the
vacuolar spaces (A) surrounding Purkinje neuron and the others dispersed
in the interstitial tissue. Note also the intervening neuroglial cell (Ng).
(TEM x1000)

Fig. 21: A photomicrograph of a section of the cerebellar cortex of group
III albino rat showing Purkinje neuronal cytoplasm containing dark
rounded lysosomes (1), mitochondria (M), rER (rER) and part of the
nucleus (n). (TEM x7500)

Fig. 22: A photomicrograph of a section of the cerebellar cortex of group
III albino rat showing granular neurons with heterochromatic nuclei (n)
mitochondria with ruptured cristae (M) and intracellular vacuolar spaces

(A). (TEM x2000)

DISCUSSION

Formaldehyde induced hazards has become a global
subject of interest in research nowadays due to its wide
use both in the outdoor atmosphere, indoor one as well as
its occupational exposure which has become inevitable
among medical field workers and industrial ones. Thus
there is an increased concern regarding its potential health
induced problems especially its neurological hazards.

The cerebellum, being is an important member of
the central nervous system family participating in the
integration of sensory perception, coordination and
motor control, thus its affection might lead to obvious
neurological problems!'¥. There is also increasing
evidence that the cerebellum is involved in cognition and
emotion in humans!”®l.  Additionally, Hoppenbrouwers
et al. (2008) suggested that cerebellum is involved in the
pathophysiology of several psychiatric disorders such as
autism, schizophrenia, mood and anxiety disorders!'®!.

The present study revealed marked histopathological
affection of rat cerebellar cortex following four weeks
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exposure to FA inhalation. The three cortical layers showed
signs of affection which were however more marked and
severe in the Purkinje cell one. Molecular layer showed a
highly significant decrease in thickness. Its cells exhibited
plenty of pyknotic nuclei surrounded by vacuolated rims.
Purkinje neurons were mostly shrunken with a highly
significant decrease in diameter, mostly distorted, deeply
stained and surrounded by empty neuropils and showed
reduction in Nissil's granules. This picture was further
reinforced by the cytoskeletal disorganization noticed in the
electron microscopic examination where Purkinje neurons
also appeared shrunken with crenated cell membrane having
filiform appendages. Cytoplasm appeared obviously more
electron dense compared to the control group with marked
degenerative signs. Nucleus also appeared markedly
irregular with crenated nucleolemma with disturbance in
chromatin distribution.

Appearance of dark neurons had been explained by
Ratan et al., (1994) as a reflection of a certain phase of
apoptosis as they displayed markedly condensed cytoplasm
and nucleoplasm!'”l. However, other authors believed that
existence of dark small neurons was usually ischemic due
to possible substantial abnormalities in the capillary wall
of the cerebellar cortex with subsequent disorders in the
$tructural elements of the blood-brain barrier to neurons!'®l.

Moreover, the present study also revealed many
ultrastructural degenerative changes within the Purkinje
cells including; mitochondria with ruptured cristae,
markedly dilated, irregularly arranged cisterns of rER
with sparsely distributed ribosomal granules and many
intracytoplasmic vacuolar spaces, which might be a result
of the disintegration of the dilated rER channels. However,
these changes were also encountered within Purkinje cells
in the course of chronic experimental intoxication with
ethanol™, sodium fluoride administration® as well as long
term sodium valproate administration and were considered
to be secondary to direct toxicity on neuronal cells that
induced profound disorder of intercellular biochemical
events, such as inhibition of oxidative phosphorylation,
abnormal production of proteins, and dysfunction in the
detoxication process!'®,

Destructed mitochondrial cristae has been found to be a
leading sign of necrotic cell death®" as it is usually followed
by depletion of energy production, with subsequent release
of proapoptotic proteins leading to activation of enzymes
such as lipases, proteases, and endonucleases ending up
with DNA fragmentation®>?¥. Additionally; dilation of the
endoplasmic reticulum rules out the possibility of cell death
especially if associated with swelling of mitochondria and
disruption of its internal morphology®*.

As regards the empty neuropils of Purkinje neurons
frequently observed in the current work, Sobaniec
Lotowska (2001) denoted that this finding could be
attributed to the shrinkage of Purkinje cells and withdrawal
of their processes secondary to cytoskeletal affection and
leaving empty pericellular spaces!'®!.

However, FA induced Purkinje cell layer pathology
was not only confined to neuronal histomorphological
changes but extended to reveal multiple focal areas of
complete absence of Purkinje neurons leaving only empty
neuropils behind. Previous literature stated that, the typical
response of most neurons to axonal injury is a cell body
reaction involving a complex sequence of molecular and
genetic changes that initially sustain compensatory and
regenerative responses, but eventually become regressive
leading to atrophy or cell death!?®. It was suggested that
the observed lesions of Purkinje cells in the present work,
might affect their functions, with subsequent disturbance in
the cerebellar functions. Moreover, Being the prime relay
neurons of the cerebellum, Purkinje cell plays a pivotal
role in motor coordination and learning and its loss was
considered as one of the leading causes in various motor
disorders including autism, ataxia and Huntington’s
diseasel?6-28],

Examination of the granular cell layer revealed clumping
of cells together with multiple areas of focal decrease in
thickness which was further clarified with morphometric
analysis which proved a highly significant decrease
in thickness. Ultrastructural damage was additionally
observed where many granular cells with pyknotic nuclei
surrounded by a shell of cytoplasm with scanty organelles
were noted. Bekheeta et al., (2010) similarly observed
groups of fused granular cells following morphine sulphate
administration producing eosinophilic sheets and stated
that it revealed clear coagulative necrosis®.

The present work also revealed an apparent increase
in neuroglial cells especially in the vicinity of the
degenerated Purkinje neurons in both the exposure and
recovery group rats. In the healthy and resting condition,
glial cells normally exist as supportive cells with additional
various functions ranging from the regulation of innate
immunity, scavenging dead cell debris, scaffolding and
protecting neurons to the regulation and maintenance
of synaptic transmission and putative integration of
information with neurons®®®. Following any brain insult
or immune breaching, glial cells get activated and exhibit
morphological transformations from resting to activated,
increase in their cell population and secrete an array of
inflammatory molecules®!. Activated microglia are mainly
scavenger cells but also perform various other functions in
tissue repair, neural regeneration and induction of immune
responses. Glial activation based on the progression of
insult and severity of stimulus, imposes both beneficial®
and detrimental effects?3!upon the brain cells.

Glial cell activation may also sustain a chronic
inflammation with release of extracellular toxic reactive
oxygen and nitrogen species leading to neuronal dysfunction
and eventually cell death. Thus, upon activation, these cells
may transform into potentially cytotoxic onesB.

Unfortunately, after FA exposure for a period of four
weeks and its withdrawal thus giving the rats a similar
period to recover. The results of the present work revealed
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that some histopathological signs showed some degree
of improvement while many others did not, revealing
persistent affection of cerebellar cortex. Molecular layer
still exhibited some pyknotic nuclei. Purkinje cell layer was
irregularly aligned with some areas of persistent focal loss
with neighboring ones showing multi-layered cells. Afifi
(2009) noted similar disrupted Purkinje cell arrangement
following sodium fluoride administration where some
disappeared completely while in other areas exhibited
multilayer accumulation and attributed this to displacement
from some areas to be accumulated in others?”.

However, Purkinje cell morphology varied widely
in this group both in shape and size where many were
still irregular, shrunken and deeply stained while others
appeared rarefied with almost complete degeneration in
association with normal ones. This variability might denote
persistence of degenerative effects together with attempts
of recovery. Electron microscopic examination further
clarified variability in the Purkinje neuronal ultrastructure
where shrunken cells with electron dense cytoplasm,
pyknotic nuclei and organelles with degenerative sign still
persisted. However, almost regular cells with less electron
dense cytoplasm, regular heterochromatic nuclei, some
vacuolated mitochondria were also observed. Regarding
neuropils, empty pericellular spaces were seen surrounding
many Purkinje cells and additional vacuolar spaces were
seen dispersed in the interstitial tissue.

Formaldehyde causes activation of free-radical-
producing enzymes and inhibition of antioxidant systems,
with subsequent increase in reactive oxygen species (ROS)
production leading to damage of biomolecules, including
membrane lipids, proteins, and nucleic acids®. Having
a higher content of readily peroxidizable unsaturated
fatty acids in cell membranes, CNS is easily attacked by
ROS, resulting in the peroxidation of lipids and impairing
membrane fluidity and cell structure®! thus causing many
morphological changes in rat brains®. Therefore, in
situations in which the generation of free radicals exceeds
the capacity of antioxidant defense, oxidative stress may
lead to membrane degradation, cellular dysfunction, and
also apoptosist®”. This might explain the persistence of
some FA induced degenerative neurons together with
attempts of recovery leading to almost back to normal
neighboring neurons.

Therefore, exposure to FA inhalation can cause
irreversible damage to cerebellar cortical tissue.

CONCLUSION:

Exposure to Formaldehyde inhalation has been
found to cause irreversible damage to cerebellar cortical
structure. These results should be taken seriously in
order to protect industrial and medical field workers from
possible FA induced cerebellar related hazards. However,
future researches are required to be conducted on these
occupationally exposed persons.
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